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Abstract
Objective: The interaction of tumor cells with surrounding stem cells such as adipose-derived mesenchymal stem
cells (ASCs) would be a crucial mechanism of tumor progression. It has been shown that irradiation can affect tumor
microenvironment through different mechanisms. Given that, we aimed to examine the bystander radiation-induced
effects of ASCs on different cancer cell lines.

Materials and Methods: In this experimental study, ASCs were extracted from five healthy donors, cultured and
then irradiated with a 5Gy of gamma radiation. Following 72 hours of incubation, irradiated ASCs-conditioned media
(IACM) and non-irradiated ASCs-conditioned media (NIACM) were collected. Following incubation of different cell lines,
Jurkat, LNCaP, U87-MG, MDA-MB-231 and MCF-7, in different media, DMEM, NIACM, and IACM, ALDEFLUOR assay
and wound healing assays, were conducted. Using quantitative real-time polymerase chain reaction (QRT-PCR), the
expression of ATP-binding cassette transporter genes, ABCA1 and ABCG2, was measured in these cell lines.

Results: NIACM significantly increased ALDH activity in MDA-MB-231 cell (P=0.02), while IACM was associated with
significant decrease in the LNCaP and MCF-7 cell lines, respectively P=0.02, P=0.03, compared to DMEM as the
control. The area of the scratch site was significantly reduced in MDA-MB-231 cells cultured with NIACM compared
to DMEM (P=0.04). Furthermore, ABCA1 mRNA expression was considerably decreased in IACM- but not in DMEM-
treated LNCaP line (P=0.01).

Conclusion: It seems, after exposing to radiation, ASCs modify to prevent tumor development and metastasis
through their radiation-induced bystander effects. Therefore, a better understanding of ASCs function in the tumor
microenvironment may provide new insights into therapeutic strategies to surmount radio-resistance in cancer treatment.
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Introduction

Radiotherapy is one of the main cancer treatment
modalities. It has been shown that irradiation can affect
and sensitize tumor microenvironment through different
mechanisms such as immunomodulation and angiogenesis
(1). Certain scientists believe that besides tumor cells,
manipulating tumor microenvironment components can
be beneficial to promising cancer treatment (2). The
interaction of tumor cells and surrounding stem cells
such as adipose-derived mesenchymal stem cells (ASCs)
has been recently reported as a crucial mechanism of
tumor progression and development (3). On the other
hand, irradiated tumor cells release certain cytokines
and growth factors which lead to the recruitment of stem
cells, and promotion of cell proliferation and metastatic
behavior of nearby tumor cells (4). This phenomenon is
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equivalent to bystander effects in radiobiology which
reveals certain effects in the non-irradiated cells located in
the neighboring irradiated cells. It has been reported that
tumor cells induce mesenchymal stem cells (MSCs) to
express factors such as aldehyde dehydrogenase (ALDH)
(5). Also, it has been shown that radiation-conditioned
media increase ALDH activity (6). Hence, evaluation of
this factor can help us understand the aggressive behavior
of different cancer cell lines due to culture with irradiated
ASCs-conditioned media (IACM). On the other hand,
regulation and expression of different genes in human
stem cells can be essential. ATP-binding cassette (ABC)
transporters genes which encode membrane-bound
pumps have pivotal roles in the biological communication
systems. Among the seven subfamilies of ABC proteins,



ABCG2 has a multidrug-resistant phenotype which
considered as a cancer stem cell indicator (7). A recent
study has shown that the highest expression of ABCG2
in various malignancies increases resistance to drugs or
radiotherapy treatment (8). ABCAI is another member
of this family that regulates cholesterol efflux protein
across the plasma membrane and probably stimulates
carcinogenesis (9). Therefore, increasing the expression
of ABC transporters can affect radiotherapy outcomes

(10).

Today, the capacity of MSCs to modulate the tumor
microenvironment is of great importance in the field of
cancer research (11-13). On the other hand, little is known
about the effects of irradiated ASCs located in the tumor
microenvironment on tumor progression. Due to the lack
of attention to ASCs in radiation therapy regimens, the
objective was to examine the probability of bystander
radiation-induced effects of irradiated ASCs-conditioned
media on different cancer cell lines.

Material and Methods
Ethical approval

In this experimental study, ASC samples were
obtained from five healthy participants recruited for
mammoplasty surgery. Participants with a history of
chemotherapy, radiotherapy and medical conditions such
as autoimmunity were not included in this study. Prior
to the study, participation consent and approval were
obtained by the Ethics Committee of Shiraz University
of Medical Sciences (IR.SUMS.REC.1396.5290). All
participants were assured that their information would be
kept confidential.

Adipose-derived mesenchymal stem cell isolation and
culture

ASCs were obtained using a previously reported
method (14). Briefly, adipose tissues were washed twice
with phosphate buffered saline (PBS), fragmented with
surgical scalpels and incubated with 0.2% collagenase
type I (Cat. No. 17100-017, Gibco, USA) at 37°C
for 40 minutes. After that, the cell suspension was
centrifuged at 400G for 5 minutes and was cultured
in the Dulbecco’s Modified Eagle’s Medium (DMEM,
Cat. No. LM-D1099, Biosera, UK) supplemented with
1% penicillin/streptomycin (Cat. No. XC-A4122,
Biosera, UK) and 10% fetal bovine serum (FBS, Cat.
No. 10270-106, Gibco, USA). Following the growth
and increase in the number of cells to a confluency
of 90%, they were transferred to other flasks using
trypsin-EDTA (Cat. No. LM-T1706, Biosera, UK).
Flow cytometry was used to characterize the isolated
cells. In brief, the extracted cells were detached from
the surface of the flasks with trypsin-EDTA. After
centrifuging the cells with PBS, they were stained
with fluorescin isothiocyanate (FITC)-coupled or
phycoerythrin (PE)-conjugated CD14, CD34, CD45,
CD44, CDI105, CDI166. Isotype-matched mouse
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monoclonal antibodies (BD-Pharmingen, USA) were
used to exclude non-specific staining of the cells.
The characterized cells were thoroughly washed with
PBS and analyzed on a FACSCalibur machine (BD
Biosciences, USA).

Irradiation geometry

At 90% confluent, ASCs were exposed to 5 Gy of
gamma radiation at a dose rate of 0.28 Gy/minutes
based on a previous study (15). We used a non-clinical
Theratron cobalt-60 therapy unit (MDS Nordion, Canada)
of our Radiotherapy and Oncology Department. To further
ensure the correctness of the delivered doses, a Farmer-
type ionization chamber (PTW-Freiburg, Germany)
was utilized in the same cells irradiated geometry. The
dimensions of the radiation field and the distance of
Cobalt-60 source to the cells were considered 35%35 cm?
and 80 cm, respectively. Simulating the same conditions
for ASCs, the control group of the ASCs was placed
outside the radiation treatment room when the cells in the
treatment groups were irradiated. Following radiation,
the ASCs’ flasks were placed in an icebox and quickly
transferred to the incubator (37°C and 5% CO, with 95%
humidity). Seventy two hours after incubation, ASCs’ cell
culture supernatant was collected and used for the rest of
the study.

Cancer cell lines

Herein, we used U87MG as a malignant cell line of
glioblastoma (C531, Pasteur Institute, Iran). Also, two
breast cancer cell lines, including MCF-7 (C135, Pasteur
Institute, Iran) as a non-invasive cell line and MDA-
MB-231 (C578, Pasteur Institute, Iran) as an invasive
triple negative cell line were employed. Other cell lines
such as LNCaP, a human prostatic carcinoma cell line
(C439, Pasteur Institute, Iran), and Jurkat, an immortalized
line of human T lymphocyte (C121, Pasteur Institute,
Iran), were also used. All these cell lines were obtained
from the National Cell Bank of Iran. They were cultured
in RPMI-1640 (Cat. No. LM-R1637, Biosera, UK)
containing 10% FBS, and 1% penicillin/streptomycin and
gradually adapted to DMEM media. Different cell lines
were separately cultured in DMEM, NIACM and IACM
at 37°C, 5% CO, with 95% humidity. After 72 hours, the
tests were performed.

ALDEFLUOR assay and flow cytometry

The cancer cell lines including MDA-MB-231, U87-
MG, MCF-7, LNCaP, and Jurkat were cultured with
the collected conditioned media of irradiated and non-
irradiated ASCs for 72 hours. ALDEFLUOR kit (Cat. No.
01700, Stem Cell Technologies, Vancouver, BC, Canada)
was utilized to detect the different levels of ALDH
enzymatic activity in cancer cells. For ALDEFLUOR
assay, 3x10° cells/ml were harvested from cell cultures
and resuspended in 1ml ALDEFLUOR assay buffer.
Then, 5 pl ALDH inhibitor diethylaminobenzaldehyde
(DEAB) was added to each negative control tube and
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recapped immediately. Following this step, 5 pl of activated
substrate, ALDH, was added to the test tubes, while ALDH
is BODIPY™-aminoacetaldehyde (BAAA) substrate. It
is recommended to make aliquots of activated substrate
and use them in your experiments. After that, 0.5 ml of
suspension cells in the test tubes were moved to the same
negative control. Different cell lines were incubated for 40-
50 minutes at 37°C so the cells have enough time to convert
the substrate to the fluorescent product. Subsequently,
the cells were centrifuged, washed and suspended in 0.3
ml of ALDEFLUOR™ assay buffer. Flow cytometry
(FACSCALIBUR- BD Company-USA) was employed to
perceive the brightly fluorescent ALDH+ cells in the FL1-
channel. Finally, acquired data were analyzed by FLOWJO
software (Tree Star Inc, OR, USA). According to the kit
manufacturer’s instructions, the SKBR-3 cell line (C207,
Pasteur Institute, Iran) was used as a positive control, and at
least 2x10° events were collected per samples.

Scratch assay (wound healing assay)

To investigate the wound healing effect of ASCs, the
scratch assay was done. Following a 72-hour culture, the
cell conditioned media were collected from irradiated
ASCs and non-irradiated ASCs and frozen at -70°C until
required. Then, 2x10° of each cancer cell line (MCF-
7, MDA-MB-231, LNCaP, U87-MG), adapted to the
DMEM, were seeded in quadruplicates in a 24-well plate
overnight and permitted to adhere and form a confluent
monolayer. Next, with the use of a 10 ul pipette tip, we
created a scratch as a straight line through the center of
each well containing different cancer cells and the wells
washed with PBS to remove cell debris. After that, 400 pl
of IACM or NIACM were added to each cell line. At time
zero and 8 hours after incubation with the conditioned
media of ASCs, wound healing was monitored by
measuring the gap area for each frame in the wound
healing experiment. The staining was done with crystal
violet, after which, the cell imaging was performed (eight
images for each sample). To obtain reliable results, the
tests were repeated twice for each sample. Finally, images
were processed with Image] software (National Institute
of Health, Bethesda, MD, USA).

RNA isolation and cDNA synthesis

Also, 72 hours following gamma radiation, supernatant
of ASCs culture was collected and the adherent ASCs
were washed twice with PBS. After co-culture of ASCs
with LNCaP, MDA-MB-231, and MCF-7 cell lines, total
RNA was extracted using 1ml of cold RNX-Plus (Cat.
No. EX6101, Sinaclon, Iran) from cell lines. To check
the accuracy, optical densities of isolated RNA were read
at 260 nm and 280 nm wavelengths using a NanoDrop
spectrophotometer (Wilmington, DE, USA). In the next
step, cDNA was produced using cDNA synthesis kit (Cat.
No. K1632, Thermo Fisher Scientific, USA) following on
the manufacturer’s instruction.

Quantitative real-time polymerase chain reaction

Using quantitative real-time polymerase chain
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reaction (qRT-PCR), ABC transporter genes (Al and
G2) expression of cell lines was assessed after cultured
with DMEM, NIACM, and TACM. All qPCR reactions
were measured at least two times using 2xSYBR Green
Master Mix (Cat. No. 4309155, Thermo Fisher Scientific,
USA). The amplification was done for 40 cycles (95°C
20 seconds, 60°C 20 seconds, 72°C 40 seconds). The
specificity of qRT-PCR amplification was verified by
melting curve analysis. Here, f-actin gene was used as
the housekeeping gene. Finally, AACt method was used
to determine the relative expression level of mRNA in the
samples. The primers were designed by AllelID software
(Oligo Perfect Designer, Invitrogen, USA.

Statistical analysis

SPSS software version 21 and Graph Pad Prism 5
were utilized for data analysis and graph presentation,
respectively. We used Kruskal-Wallis H test for the
analysis of non-parametric data. Also, P<0.05 was
considered significant.

Results
Subjects and ASCs characterization

Based on medical records, the mean £ SD age of the
participants was 38 + 4 years. Harvested in passage 3,
ASCs was demonstrated a spindle-shape appearance in
0.1% crystal violet staining (Fig.1A). Moreover, ASCs
were harvested and characterized for the expressions of
MSC markers. Flow cytometry characterization revealed
that ASCs were extremely positive for the expressions
of CD166, CD44, and CD105, yet negative for CD34,
CD14, and CD45 (Fig.1B).

A

Fig.1: Adipose-derived mesenchymal stem cells (ASCs) characterization.
A. Morphology and B. Phenotype. ASCs were seen with spindle shape
appearance and expression of MSC specific CD markers (scale bar:
100 um).

ALDEFLUOR assay and flow cytometry analysis

After test set up by using SK-BR-3 breast cancer cell
line, ALDH+ cells population were detected (Fig.2A).



We obsereved that ALDH activity in the MDA-
MB-231 breast cancer cell line increased with both of
NIACM and IACM which was statistically significant
in the case of using NIACM (P=0.02). We observed
no significant difference in the percentage of ALDH+
between MDA-MB-231 cells cultured with DMEM
and TACM (P=0.53). The mean = SEM percentages
of ALDH+ cells in the DMEM, NIACM, and IACM
were 4.81 £ 0.23%, 14.63 + 0.48%, and 6.01 + 0.4%,
respectively (Fig.2B, C).

Also, the effects of IJACM and NIACM on the Jurkat
were examined. The results showed that NIACM and
IACM, in comparison to the DMEM, reduces the
ALDH enzyme in the Jurkat, although the change was
not statistically significant (P=0.69, P=0.05). These
changes were more noticeable in JACM. The mean =+
SEM percentages of ALDH+ cells in DMEM, NIACM,
and IACM were 6.04 + 0.45%, 5.11 + 0.43%, and 3.87
+ 0.42%, respectively (Fig.2D). The results of LNCaP
revealed that NIACM decreased ALDH enzyme activity
when compared to DMEM, however, these changes
were not statistically significant (P=0.53).The culture of
LNCaP with IACM significantly reduced ALDH activity
in comparison with DMEM (P=0.02). The mean = SEM
percentages of ALDH+ cells in DMEM, NIACM, and
IACM were 3.56 £0.14%, 2.23 £ 0.6% and 0.81 £ 0.07%,
respectively (Fig.2E).

Evaluation of ALDH activity in U87-MG showed that
when U87-MG cells were cultured with NIACM and
[IACM, the activity of ALDH enzyme increased, but not
significantly (P=0.05, P=0.9). The ALDH activity was
1.47-fold higher in the NIACM cultured U87-MG cells
than DMEM. The mean + SEM percentages of ALDH+
cells in DMEM, NIACM, and IACM were 2.39 &+ 0.14%,
3.70 + 0.23% and 2.7 = 0.16%, respectively (Fig.2F).

The assessment of the expression of ALDH in the MCF-
7 breast cancer cell line showed that ALDH activity was
barely reduced while, MCF-7 cell line was cultured with
NIACM (P=0.40). In contrast, ITACM significantly reduced
ALDH activity in the MCF-7 cell line, also in comparison
with DMEM cells cultured we observed down to 2-fold
(P=0.03). The mean + SEM percentages of ALDH+ cells
in DMEM, NIACM, and IACM were 2.75 £ 0.16%, 1.95
+0.17%, and 1.35 £ 0.22%, respectively (Fig.2G).

Scratch wound healing assay

For wound healing assay, all images were taken at
the beginning (0 hour) and 8 hours after culturing the
different tumor cell lines with different culture media:
standard (DMEM 10%), IACM, and NIACM (Fig.3A).
Images analysis showed less migration in LNCaP, U87-
MG, and MCF-7 cell lines cultured with IACM (P=0.9),
in comparison with DMEM. A reduction was further
observed in the area of the scratched site in the U87-
MG and MDA-MB-231cancer cell lines cultured with
NIACM, which was statistically significant for MDA-
MB-231 (P=0.041, Fig.3B).
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Fig.2: Evaluation of ALDH activity in different cancer cell lines. A. Detection of
ALDH+ cells population in SKBR3 breast cancer cell line as a positive control.
B. The schematic representation of ALDH positive cells by flow cytometry.
Statistical analysis of ALDH activity post culture of C. MDA-MB-231, D. Jurkat,
E. LNCaP, F. U87-MG, and G. MCF-7 with DMEM, NIACM of ASCs and IACM of
ASCs. ALDH-DEAB was used as a negative control. Kruskal-Wallis test was used
for the analysis of non-parametric data. ASCs; Adipose-derive mesenchymal
stem cells, IACM; Irradiated ASCs-conditioned media, NIACM; Non-irradiated
ASCs-conditioned media, ALDH; Aldehyde dehydrogenase, DMEM; Dulbecco’s
Modified Eagle’s Medium, and *; P<0.05.

IACM 8h
200000

B 0

€59 DMEM 8h

E3 NIACM 8h

D IACM 8h

Area of scratched site (px)

Fig.3: Wound healing assay at the beginning (0 hour) and 8 hours of different
tumor cell lines in different culture media. A. A scratch was made in a confluent
monolayer of LN-CAP, U87MG, MDA-MB-231, and MCF-7 cancer cell lines, and
they were then cultured in the presence of DMEM, NIACM of ASCs and IACM of
ASCs. Images were acquired at 0 and 8 hours post-incubation (scale bar: 100 um).
B. Analysis of wound healing response of cancer cell lines following exposure to
DMEM, NIACM, and IACM of ASCs. Data are presented as mean + SEM. P<0.05
was considered significant. Kruskal-Wallis test was used for the analysis of non-
parametric data. ASCs; Adipose-derive mesenchymal stem cells, IACM; Irradiated
ASCs-conditioned media, NIACM; Non-irradiated ASCs-conditioned media, h;
Hours, DMEM; Dulbecco’s Modified Eagle’s Medium, and *; P<0.05.

ABC transporters (Al and G2) expression in the
LNCaP, MDA-MB-231, and MCF-7

Based on the results of the ALDH activity, ABCAI
and ABCG2 expression was investigated in LNCaP,
MDA-MB-231 and MCF-7 cancer cell lines. This may
shed light on the molecular mechanisms responsible for
the effects of IJACM and NIACM. As shown in Figure
4, IACM reduced the mRNA expression of ABCAI and
ABCG?2 in the LNCaP, in comparison with DMEM, which
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was statistically significant for ABCAI (P=0.01). No
difference was found in the mRNA expression of ABCA1
and ABCG?2 in the both of MDA-MB 231 and MCF-7 cell
lines among the different studied groups.

LNCaP

MDA-MB-231

Relative mRNA fold expression

MCF-7
|

ABCA1

Fig.4: The mRNA expression of ABCA1 and ABCG2 in LNCaP, MDA-MB-231,
and MCF-7 cultured in the presence of DMEM, NIACM, and IACM of ASCs.
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 (*). Kruskal-Wallis test was used
to analyze non-parametric data. ASCs; Adipose-derive mesenchymal stem
cells, IACM; Irradiated ASCs-conditioned media, DMEM; Dulbecco’s Modified
Eagle’s Medium, and NIACM; non-irradiated ASCs -conditioned media.

Discussion

Over recent years, scientists have turned their attention
to the tumor microenvironment as an effective target
for overcoming tumor therapeutic resistance (16, 17).
Also, the bystander irradiation effects assessment
showed that besides direct effects, irradiated cells release
various mediators to their neighbors, causing a variety
of potential effects on bystander cells (18). The present
research examined the effects of ASCs irradiated and
non-irradiated conditioned media on the ALDH activity
of different cancer cell lines. We exhibited that NIACM
caused a significant upregulation in ALDH activity, as
well as the migration of MDA-MB-231 cells. However,
co- culturing with IACM led to the downregulation of
ALDH activity in all our studied cell lines, particularly
LNCap, MDA-MB-231, and MCF-7. Also, IACM
reduces LNCap and MDA-MB-231 migration compared
to NIACM and DMEM. Moreover, our findings showed
that the expression of ABC transporter Al in the LNCap
was significantly reduced due to culturing with TACM, in
comparison with the control group.

Li et al. (5) reported that the co-culture of carcinoma
cells with bone marrow-derived MSCs increases ALDH
positive cells. They also showed that prostaglandin E2
(PGE2) secretion by MSCs can lead to cancer stem-cell
generation and tumor progression. Moreover, MSC-
conditioned medium prevents A549 cell migration
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but stimulates MDA-MB-231 cell migration through
modulating insulin receptor and human epidermal growth
factor receptor 3 phosphorylation (19). Based on Sherman
et al. study, the culture of fibroblasts with autologous bone
marrow-derived MSCs and MSCs-conditioned media
increase the migration of these cells, that lead to reducing
the scratch area percentage (20). Based on our results,
it can be speculated that the presence of ASCs in the
tumor microenvironment conduce tumor cell progression,
especially triple-negative breast cancer cells. This finding
is in line with the results of previous study conducted by
Razmakah et al. (21). Observing non-significant results
in this study regarding other studied cancer cell lines, the
role of the NIACM and TACM would be less effective
on the metastasis of other types of tumor cells compared
to breast cancer. This mechanism might be conducted
through communicating with tumor cells and increasing
mediators such as ALDHs in these cells. It leads to
increase tumor growth and cancer stem cell production
and survival. However, it seems that this scenario is
different in various types of cancers; in this regard, Maj
et al. (22) reported that ASC-conditioned media reduced
viability of human renal carcinoma cell line (786-0) and
bladder carcinoma cell line (T24). They also cleared that
amniotic fluid-derived stem cells (AFSCs) media reduced
the metabolic activity of 786-0 cells significantly. Also,
further studies showed that MSC-conditioned media may
decrease the resistance of tumor cells to drug and radiation
treatment (23, 24). These findings are inconsistent with
our results; an increase in the MDA-MB-231 cell line
proliferation in NIACM co-cultured condition. This may
reflect the differential effects of MSCs in relation to the
tumor cell type.

It has been shown that irradiation augments the ALDH
expression in different cell lines (25, 26). Scientists have
demonstrated that ALDH"CD44+ breast cancer cells
contribute to radiation and chemotherapy resistance of
breast cancer. Also, ALDH expression, a cancer stem cell
biomarker, is capable to increase DN A repair potential, that
results in the tumors radioresistance and chemoresistance
(27). Our results showed that IACM reduces the ALDH
activity in all cancer cell lines, particularly LNCaP, MCF-
7 and MDA-MB-231 cells, and suppresses proliferation
in LNCaP and MDA-MB-231 and U87-MG compared
to NIACM co-cultured condition. In this regard, He et
al. (28) reported that MSC-conditioned media reduced
the ALDH positive cancer stem cells activity and tumor
cell migration and metastasis. Based on this study, MSC-
conditioned media can increase radio sensitivity of MDA-
MB-231 cell line through down-regulating Stat3 signaling
pathway. According to this report and our findings, it
seems that radiation to stromal cells would be an effective
step to alleviate the radiation resistance specially in the
MDA-MB-231 cancer cells. Moreover, although ASCs
may promote tumor growth and development, they would
be modified under the influence of distinct radiation
doses. Also, radiation shows bystander effects on tumor
cells, and acts in favor of anti-tumor immune responses,
particularly in prostate and breast cancers. It is supposed



that the nature of the tumor and hormone receptors may
impact the results of the study. Furthermore, it seems that
ASCs does not play a role in the expression of ALDH in
U87-MG and Jurkat cancer cells.

It has been reported that MSC culture supernatant had no
significant effect on the Jurkat cell line proliferation (29).
Also, previous studies showed that irradiation is capable of
decreasing the MSCs proliferation and migration (30, 31).
Based on our results NIACM decreases the proliferation
of MDA-MB-231 cells. In line with our finding, de Araujo
Farias et al. (32) also reported that MSCs conditioned
media which exposed to 5 Gy of irradiation reduced the
proliferation of tumor cells. According to this report,
irradiated MSCs secrete certain anti-tumor cytokines
with negative effects on the melanoma tumor cells (32).
On the other hand, Haubner et al. (33) showed that co-
culturing fibroblasts with ASCs improves wound healing
due to cell proliferation stimulation and also, matrix
metalloproteinases modulation following radiotherapy.
In yet another study, Gomez-Millan et al. (34) evaluated
the effects of umbilical cord MSC conditioned media
on melanoma cancer cell lines. They reported that the
presence of some cytokines in the irradiated-conditioned
media regulates inflammation and protects bystander cells
following irradiation. In the present research, in addition
to the origin of our conditioned media, that were extracted
from ASCs, we used different cancer cell lines. Given
these results, it is likely that the source of stem cells
influences the stimulating or inhibiting role of stem cells.

Normal stem cells express a high level of ABC
transporters to retain a relatively stable intracellular
environment, and also, export cytotoxic agents to the
outside of the cell (35). It has been reported that ABC
transports activity also serves as a cellular radioresistance
(36). Yeh et al. (37) exhibited that human adipose-
derived stem cells enhances the expression of ABCG2
in the triple negative breast cancer through CXCLI
secretion , which may lead to the tumor chemoresistance.
In our study, we showed the statistically significant
down regulation of 4BCAI in LNCaP cell line treated
with IACM. Therefore, irradiation may modify ASCs
through which chemoresistance in distinct cancer cells
might be induced by altering the expression of related
genes such as ABC transporters. This may not be the
case in all types of cancers although, the effect of ABC
transporters expression on the protein level has to be
determined in future studies. Also, our results showed
non-significant change in the expression of ABCA/ and
ABCG2 in different types of triple positive (MCF-7)
and negative (MDA-MB-231) breast cancer cell lines.
Nevertheless, after co-culturing with NIACM and
IACM, we recorded a rarely decrease in the expression
of ABCAI1 and ABCG?2 in both of MDA-MB-231 and
MCEF-7 cancer cell lines. Previous study reported that
co-culturing of breast cancer cells with MSCs leads to
an enhanced expression of vimentin, Snail, and Slug and
a reduced expression of E-cadherin and B-catenin (38).
Also, it has been shown that silencing B-catenin leads to
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down-regulation of ABCG2 transporter expression and
activity (39, 40).

Conclusion

Our finding highlighted that following exposure to
radiation, ASCs may convert to positive operators. This
character is associated with preventing tumor growth
and the emergence of metastasis signs such as cancer
stem cell production in certain types of tumors. Thus,
more accurate insight into the importance of ASCs in the
tumor microenvironment may disclose novel therapeutic
strategies to overcome radio-resistance in cancer.
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