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Introduction

Tumor microenvironment (TME) is considered as a dynamic and 
heterogeneous environment regulating cancer destiny and the 
outcome of cancer targeted therapies [1-3]. Among the cells that 

are present in TME, mesenchymal stem cells (MSCs) have impressive-
ly attracted great attention in recent years. MSCs are progenitor cells, 
which can be picked from numerous adult tissues such as adipose tis-
sue, periodontal ligament, and lungs [4-6]. These cells produce various 
subsets of stromal renewing cells subscribed to maintain the diversity 
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ABSTRACT
Background: The effects of radiation on the cellular compartments of the tumor 
microenvironment (TME) might be essential in radiotherapy outcomes. 
Objective: We aimed to assess the effects of the different doses of gamma irra-
diation on viability, ABCA1 and MMP-9 expression in adipose-derived mesenchymal 
stem cells (ASCs) as a critical part of TME.
Material and Methods: In this experimental study, ASCs were extracted from 
five healthy donors and irradiated with different doses of 5, 10 and 30 Gy of gamma. 
Then, RNA was extracted from irradiated ASCs and cDNA was synthesized. The vi-
ability of ASCs was determined at 24, 48, 72 and 168 h after irradiation using trypan 
blue staining. The expression of ABCA1 was checked by quantitative real-time (qRT)-
PCR technique and the expression of MMP-9 protein was evaluated by western-blot. 
Results: Based on our findings, 10 Gy and 30 Gy but not 5 Gy of gamma irradia-
tion significantly decreased the viability of ASCs after 24, 48, 72 and 168 h compared 
to the non-irradiated cells (P< 0.05). However, a dose of 5 Gy increased ABCA1 in 
ASCs significantly compared to 10 Gy and 30 Gy (P=0.01 and P=0.02, respectively). 
In addition, the analysis of western blot data showed that 5 Gy of gamma irradiation 
significantly increased the expression of MMP-9 in ASCs (P=0.019).  
Conclusion: It is concluded that various doses of gamma radiation elicit differen-
tial ASCs responses that may lead to different tumor cell reactions to the radiotherapy 
through bystander effects.
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of tissues in the body [7, 8]. Moreover, MSCs 
are proficient in regulating the immune system 
by secreting several growth factors and cyto-
kines [9]. Previous studies showed the pres-
ence of MSCs in the stromal of numerous tis-
sues experiencing tumorigenesis and cancer 
development [10]. Nevertheless, other reports 
showed that MSCs have an anti-cancer role in 
the TME [11, 12]. 

For many years, scientists focused only on 
strategies targeting tumor cell but it seems to 
be not efficient enough. However, extending 
the therapeutic approaches to the TME may 
lead to the complete success of overcoming 
cancer [13]. Thereafter, scientists realized that 
the effects of radiation on TME might be de-
cisive for the outcome of radiotherapy [14, 
15]. In this regard, a previous study reported 
that irradiation induces reactive oxygen spe-
cies, thereby stimulating TME modifications 
towards transformation and activating cancer 
cells and inflammatory responses [15]. Anoth-
er study reported that microenvironment helps 
glioblastoma stem-like cells to resist against 
radiation [16]. It seems that releasing a variety 
of inflammatory cytokines from cancer stem 
cell which are located in the TME may lead 
to radioresistance and, consequently, failure in 
radiation therapy [17]. 

Since the tumor microenvironment might 
be effective in radiotherapy outcomes, in this 
study, we decided to evaluate the effects of dif-
ferent doses of gamma irradiation on the sur-
vival of ASCs and the expression of ABCA1 
and MMP-9 in these cells.

Material and Methods

Ethical approval and sampling
In this experimental study, all of the per-

sons who participated in this study approved 
informed and voluntary research consent. The 
original protocol of this study was sought and 
granted by the ethical committee of Shiraz 
University of Medical Sciences (IR.SUMS.
REC.1396. S.290). All members were assured 

that their information would be preserved con-
fidential. We randomly selected five healthy 
women who referred to the MRI Hospital for 
mammoplasty.

ASCs isolation and culture 
We obtained adipose samples and extracted 

ASCs using a previously reported method 
[18]. Briefly, the tissues were transferred to the 
laboratory in normal saline tubes and washed 
twice with phosphate buffered saline (PBS). 
At first, for improving digestion of adipose 
tissues with 0.2% collagenase type I (GIBCO, 
USA), they were fragmented with surgical 
scalpels. Then, the crushed samples were in-
cubated at 37 °C for 40 min. The suspension 
was centrifuged at 400 G for 5 min and cul-
tured in DMEM medium supplemented with 
1% penicillin/streptomycin and 10% fetal calf 
serum (GIBCO, USA). Finally, the flasks en-
closing primary cells were kept in incubators 
with a moist condition, 5% of CO2 and at tem-
perature of 37 °C. When the confluence of the 
primary cells reached more than 90%, the cells 
were transported to larger flasks with a new 
culture medium. In addition, flow cytometry 
test was done to check the type of the cells t 
extracted.

Irradiation geometry 
After growth of ASCs and increase the con-

fluence of ASCs to 90% per flask, they were 
irradiated to gamma with a dose of 5, 10 and 
30 Gy (dose rate 0.28 Gy/min). We used a 
Theratron cobalt-60 therapy unit (MDS Nor-
dion, Canada) in the Radiotherapy and Radia-
tion Oncology Department of Namazi Hospi-
tal. In this study, ASCs were irradiated in the 
field of view of 35×35 cm2. In addition, the 
distance between the radiation source and the 
ASCs was 80 cm. At the same time during 
the irradiation of ASCs, the cells of the con-
trol group were placed in the same conditions 
outside the radiation field. After irradiation, to 
inhibit repair of DNA damage, the flasks con-
taining ASCs were moved onto icebox and im-
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mediately relocated to the incubator.

The viability of ASCs after gamma 
irradiation 

In order to compare the growth rate of ASCs 
following exposure to gamma irradiation emit-
ted from Co 60 source, the viability was mea-
sured during the culture period (in the third 
passage). ASCs were irradiated with either 0, 
5, 10 or 30 Gy, and then harvested, counted 
and subsequently 5×103 cell/cm2 of them were 
seeded in 96 well plates and incubated for 24 h 
in the standard condition (37 °C; 5% CO2). The 
cells count was performed in 24, 48, 72 and 
168 h after irradiation by trypan blue staining. 
In addition, counts for each cell were repeated 
twice a day on experimental samples for each 
condition. The mean of the cell number was 
calculated within a week for each sample; cul-
ture medium exchange was performed every 
72 h using DMEM.

Quantitative Real-Time PCR
To find the effects of gamma irradiation on 

ABCA1, qRT-PCR method (Bio-Rad, USA) 
was done. Briefly, ASCs were washed with 
PBS and RNA was extracted using 1 ml of 
cold RNX-Plus (Invitrogen, Germany). In or-
der to investigate the precision of the RNA, 
optical densities of extracted RNA were read 
at 260 and 280 nm using a NanoDrop spec-
trophotometer (Wilmington, DE, USA). Then, 
cDNA was made by the cDNA synthesis kit 
according to the manufacturer’s instruction 
(Fermentas, Canada). All reactions were mea-
sured by 2x SYBR Green Master Mix (Ap-
plied Biosystems, USA) according to the hot-
start Jumpstart Taq DNA Polymerase enzyme 
(Sigma, USA). The β-actin gene was consid-
ered as the housekeeping gene and all qPCR 
reactions were repeated twice. The primers 
were designed by AllelID software (Oligo 
Perfect Designer, Invitrogen, USA).

Western blotting of MMP9
In this study, the expression of MMP9 was 

determined using western blotting assay. In 
brief, ASCs were washed twice with PBS and 
lysed with protein extraction buffer (RIPA buf-
fer: 1% NP-40, 0.1% SDS, 1% DOC, 25 mM 
Tris-HCl pH 7.4 and 150 mM NaCl). ASCs 
suspension was then centrifuged for 20 min, 
12,000 g at 4 °C. Then, Bradford assay was 
done to quantify the protein concentration and 
standardize equal protein. Next, 70 μg pro-
tein per lane containing the supernatants and 
the same amount of loading buffer was run 
on 12% SDS-PAGE gel for 90 min at 100 V 
and then transferred onto a Polyvinylidene 
Fluoride (PVDF) membrane. The membrane 
was then blocked with 5% nonfat skim milk 
PBS-Tween 80 (Sigma, USA) overnight at 
4 °C. Then, the blot was washed four times 
with washing buffer (0.1% Tween 80 in PBS) 
and exposed to rabbit primary antibodies to 
MMP9 (Abcam, Cambridge, MA) with agita-
tion at room temperature for 1 h. The blot was 
then washed four times and Goat anti-rabbit of 
MMP9 (Abcam, Cambridge, MA) was used as 
a secondary antibody. Protein bands were vi-
sualized using ECL Plus reagents (GE Health-
care/Amersham) according to the manufactur-
er’s protocol. Scanned images of the western 
blots were quantified by Image lab v4.01. 
Normalized band intensity was produced us-
ing β-actin band intensity in relevant columns.

Statistical analysis 
SPSS software version 21 and GraphPad 

Prism version 7 were used for data analysis 
and graph presentation, respectively. T-test 
and independent t-test were used to analyze 
the parametric data, and Mann-Whitney and 
Wilcoxon were used for analyzing the non-
parametric data. P <0.05 was considered sig-
nificant.

Results

Effect of irradiation on the vi-
ability of ASCs

To evaluate the effects of gamma irradiation 
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on the viability of ASCs, we exposed the cells 
to the various doses of 0, 5, 10, and 30 Gy of 
gamma and then cell count was performed at 
the time points of 24, 48, 72 and 168 h with 
trypan blue. At first, we recorded the viabil-
ity of ASCs in the non-irradiated group after 
24 h (88.94±1.22%), 48 h (90.62±0.9%), 72 h 
(92.43±0.88%) and 168 h (97.6±0.19%). Anal-
ysis of data showed that after exposing to 5 Gy 
of gamma irradiation, there was no significant 
difference in the viability of ASCs after 24 h 
(61.58±10.08%, P>0.9), 48 h (58.03±5.94%, 
P>0.9), 72 h (74.4±21.9%, P> 0.9), and 168 h 
(80.75 ± 4.47%, P>0.9) in comparison to non-
irradiated ASCs. Then, regarding to non-irra-
diated ASCs, we found that 10 Gy gamma-ir-
radiation decreased the viability of ASCs after 
24 h (28.86 ± 9.59%, P=0.01), 48 h (27.73 ± 
0.7%, P=0.04), 72 h (34.73 ± 3.26%, P=0.08) 
and 168 h (46.53 ± 3.39, P=0.03). Similarly, 
viability of 30 Gy gamma-irradiated ASCs de-
creased significantly at 24 h (18.72 ± 2.1%, 
P=0.001), 48 h (14.02 ± 2.1%, P<0.0001), 72 
h (23.27 ± 5.46%, P<0.0001) and 168 h (26.42 
± 9.2%, P<0.0001) after irradiation (Figure 1).

QRT-PCR analysis
To understand the effect of gamma radiation 

on the ABC transporter of ASCs, expression 
of ABCA1 was investigated 72 h after irradia-
tion. As depicted in Figure 2, in comparison 
to non-irradiated ASCs, 10 Gy and 30 Gy of 
gamma irradiation decreased the expression of 
ABCA1. These changes were not statistically 
different (P=0.52 and P=0.61, respectively). 
However, the expressions of ABCA1 in 5 Gy 
irradiated ASCs were, respectively, 3.2 and 
2.9 fold higher than 10 Gy and 30 Gy irradi-
ated cells (P=0.01 and P=0.02).

Western blot analysis
Western blot analysis was performed to ex-

amine the expression of MMP-9 in irradiated 
(IR) and non-irradiated (NIR) ASCs. Due to 
the upregulation of ABCA1 transcripts in 5 Gy 
of gamma irradiation, we checked the expres-
sion of MMP-9 in a dose of 5 Gy regarding 
non-irradiated ASCs. As shown in Figure 3, 
western blot analysis showed that a dose of 5 
Gy significantly increased the expression of 
MMP-9 protein to 1.93 fold regarding non-

Figure 1: The percentage of cell viability in irradiated ASCs. After irradiating with 5, 10 and 30Gy 
of gamma irradiation, 5000 cells were cultured in a 96-well plate. Cell counting was done with 
trypan blue at 24, 48, 72 and 168 h after exposure. The test was done as a duplicate and data 
are presented as mean. ASCs: Adipose-derived mesenchymal stem cells
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irradiated ASCs (P=0.019).

Discussion
The cellular compartment of the tumor site 

may affect the response rate of the tumor cells 
to the radiotherapy and different doses of ra-
diation. In this study, we exhibited that expo-
sure to 10 and 30 Gy of gamma, significantly 
decreased ASCs viability in comparison to the 

non-irradiated group. We also showed that 5 
Gy of irradiation caused significant upregula-
tion of ABCA1 as well as MMP-9 in ASCs. 
Accordingly, different doses of radiation may 
lead to differential changes in ASCs located 
in TME, which might affect radiotherapy out-
comes. 

Given that the viability of cells denotes cells 
ability to endure external stressors, we studied 

Figure 3: Detection of MMP-9 protein by western blot. a: The blot was subsequently probed 
with antibodies for MMP-9 and β-actin. b: Data analysis in the chart denoted the MMP-9 to the 
β-actin ratio in irradiated and non-irradiated ASCs. Data represents mean ± SD and significant 
differences between groups are indicated as ** (P < 0.05). ASCs: Adipose-derived Mesenchymal 
Stem Cells. N1-4: Number of samples. IR-ASC: Irradiated ASCs, NIR: Non-Irradiated ASCs.

Figure 2: The mRNA expression of ABCA1 in ASCs after exposure to 5, 10 and 30 Gy of gamma 
irradiation. Each experiment was conducted twice independently, with each sample measured 
in duplicate. Error bars indicate the standard error of the mean and statistical significance was 
set at P< 0.05 (**). ASCs: Adipose-derived mesenchymal stem cells
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the effects of different doses of gamma irra-
diation on the ASCs viability at different time 
points. Our results indicated that, regarding 
non-irradiated ASCs, increasing of gamma ir-
radiation from 10 to 30 Gy, decreases the vi-
ability of ASCs significantly. No significant 
change was observed in the viability of ASCs 
following exposure to 5 Gy of gamma at dif-
ferent time points. In this regard, Wang et al. 
reported that exposure to γ‑irradiation at dif-
ferent doses from 0.25 to 10 Gy of irradiation 
reduced MSCs viability significantly. In com-
parison to our study, they used bone marrow 
sources for extracting MSCs and MTT assay 
to assess cell viability in mesenchymal stem 
cells. They showed that the adipogenic and 
osteogenic differentiation ability of MSCs re-
duced after irradiation [19]. Moreover, Filion 
et al. suggested that 5 Gy of irradiation de-
creases cell viability by approximately 65% in 
human embryonic stem cells [20]. It is sup-
posed that gamma irradiation damages DNA 
in irradiated cells and inhibits the repair sys-
tem, thereby reducing cell viability. However, 
it seems that the sources of stem cells are im-
portant for their reactions to the various doses 
of gamma irradiation.

It has been reported that an essential mecha-
nism through which the cells overcome against 
chemotherapy drugs is ATP-binding cassette 
(ABC) transporters [21]. Furthermore, the as-
sociation between the ABC transporters and 
radiation resistance has been proved [22]. In 
our study, we showed that 5 Gy but not 10 and 
30 Gy of gamma irradiation significantly in-
creased the mRNA expression of ABCA1 in 
ASCs. In this regard, studies reported that ir-
radiation increase the expression of ABCA1 
in different cell lines [22, 23]. Based on these 
studies, the release of ABCA1 increases the 
survival of the cells after irradiation. In ad-
dition, the previous study reported that ABC 
transporters protect embryonic cells against 
the destructive effects of non-ionizing ra-
diation. In this study, Leite et al. showed that 
ABCB1 transporter inhibition increased the 

harmful effects of ultraviolet light in embryon-
ic cells [24]. Although the exact mechanism of 
ABCA1 upregulation post-irradiation remains 
to be elucidated, oxidative stress was consid-
ered as the most likely mechanism stimulating 
ABC transporter expression after irradiation 
[25]. 

Several studies demonstrated that irradiation 
increases MMP-9 protein in epithelial and 
macrophage cell lines [26, 27]. Studies have 
also shown that irradiation caused growth 
and development in cancer cells by increas-
ing the expression of MMP-9 [28, 29]. Our 
results showed up-regulation of MMP-9 in 
ASCs after 5 Gy of gamma irradiation. In this 
regard, Cruet-Hennequart reported that 5 Gy 
of X-irradiation increased MMP-1, MMP-3 
and MMP-13 proteins in human mesenchymal 
stem cells [30]. It seems that, besides the dose 
of irradiation, the source of irradiation might 
also affect the expression of different proteins.

Conclusion
In light of our findings, gamma irradiation in-

creases the expression of ABCA1 and MMP-9 
in ASCs. Accordingly, it can be predicted that 
the expression of such molecules denotes an-
giogenic and reconstructive behavior of ASCs. 
Because of the vicinity of ASCs to the tumor 
cells in the TME and their radiosensitivity, 
the response of cancer cells to radiation treat-
ment might be modified by the bystander ef-
fects of ASCs, thereby affecting the radiation 
outcome. Thus, deep insight into TME affords 
a chance to achieve efficient strategies over-
coming tumors during radiation treatment.
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