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ABSTRACT

Background: Radiation induced bystander effects (RIBEs) occurs in unirradiated
cells exhibiting indirect biological effect as a consequence of signals from other ir-
radiated cells in the population.

Objective: In this study, bystander effects in MCF-7 breast cancer cells and
hFOB 1.19 normal osteoblast cells irradiated with gamma emitting HDR Brachy-
therapy Ir-192 source were investigated.

Material and Methods: In this in-vitro study, bystander effect stimulation
was conducted using medium transfer technique of irradiated cells to the non-irra-
diated bystander cells. Cell viability, reactive oxygen species (ROS) generation and
colony forming assay was employed to evaluate the effect.

Results: Results indicate that the exposure to the medium irradiated MCF-7
induced significant bystander killing and decreased the survival fraction of bystander
MCF-7 and hFOB from 1.19 to 81.70 % and 65.44 %, respectively. A significant
decrease in survival fraction was observed for hFOB 1.19 bystander cells (p < 0.05).
We found that the rate of hFOB 1.19 cell growth significantly decreases to 85.5%
when added with media from irradiated cells. The ROS levels of bystander cells for
both cell lines were observed to have an increase even after 4 h of treatment. Our
results suggest the presence of bystander effects in unirradiated cells exposed to the
irradiated medium.

Conclusion: These data provide evidence that irradiated MCF-7 breast cancer
cells can induce bystander death in unirradiated MCF-7 and hFOB 1.19 bystander
cells. Increase in cell death could also be mediated by the ROS generation during the
irradiation with HDR brachytherapy.
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Introduction
n the recent years, extensive investigation and research have been
made towards understanding cancer development, care and treat-
ments in order to increase the survival rates. Cancer is the second
leading cause of death worldwide, and responsible for an estimated 9.6
million deaths in 2018 [1]. Globally, about 1 in 6 deaths is due to cancer.
Breast cancer is the most frequent cancer and the leading cause of cancer
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death among females, followed by colorectal
and lung cancer. In early stage of breast can-
cer, a standard therapy is breast-conserving
surgery (BCS) followed by external beam ra-
diotherapy irradiation (EBRT), and frequently
including a local boost therapy using either
electron beam or brachytherapy [2]. Electron
beam or High Dose Rate (HDR) Ir192 Intersti-
tial Brachytherapy is used as a boost in breast
conservation cases after completion of EBRT.
The advantages of brachytherapy boost tech-
nique result from the possibility of delivering
a high dose of radiation to a limited volume
of tissue in a short time period as well as de-
creased skin dose and potential radiobiologi-
cal advantages compared with electron beam
boost therapy [3, 4].

Recent advances in radiobiology and oncol-
ogy have demonstrated that the radiation is an
effective tool to control the localized tumours
[5]. It was long believed that the biological ef-
fects of ionizing radiation were restricted to
tissues within the treatment field due to direct
targeting to the nucleus leading to DNA dam-
age [6]. Radiation can directly trigger DNA
single or double breaks or interact with other
molecules in the cells to produce reactive oxy-
gen species (ROS) that can diffuse and dam-
age the critical target in the cells. Once ROS
is induced, it would turn into the important
signalling molecules passing around the bio-
logical effect, which cause cells damage to
the untargeted cells [7]. In recent years, nu-
merous evidence indicates that the radiation
also can damage the cells not only adjacent
to the tumour, but also far from the radiation
track through the generation of gap-junction
or cytokine-mediated cellular toxicity and also
various cellular and microenvironmental sig-
nalling cascades are involved [5].

Over the years, attention in radiobiologi-
cal studies has been widen to non-targeted
effects of adjacent tissue surrounded the tar-
geted area. The response of the non-irradiated
cells to the radiation exposure is known as by-
stander effects [8]. Bystander effects describe

a situation where cells, that have not been di-
rectly exposed to ionizing radiation, behave
as those exposed. In consequence, they die
or show chromosomal instability and other
abnormalities [9]. Cells exposed to bystander
signals can experience adverse effects, includ-
ing cell killing, the induction of micronuclei
(MN), sister chromatid exchanges, mutations,
genomic instability, changes in gene expres-
sion and cell growth, apoptosis and cell death
[10-12]. The radiation-induced bystander ef-
fect (RIBE) may occurs through the transmit-
ted signals from irradiated cells either by di-
rect cell-to-cell contacts through gap-junction
intercellular communication or by secretion of
soluble factors into the medium [13-15]. Some
adjacent non-irradiated cells may have a low
frequency response, which may lead to unde-
tected bystander effects. In addition, the by-
stander responses vary from cells to cells [16].
Some studies have also demonstrated that tu-
mor cells are more sensitive than healthy cells
in response to RIBE, resulting in an advantage
in cancer treatment [17].

Bystander effects may play an important role
in radiotherapy. Understanding the bystander
effects can improve radiation treatment of
targeted tumour and minimize the effect to
healthy tissue [18]. Thus, the present in vitro
study aims to examine the possibility of RIBE
responses between the normal osteoblast
(hFOB 1.19) and breast cancer cells (MCF-7)
after the incubation with irradiated cells condi-
tioned medium (ICCM) induced in breast can-
cer cells irradiated with HDR brachytherapy.
The non-irradiated bystander cells viability,
formation of reactive oxygen species and clo-
nogenic ability were measured and evaluated.

Material and Methods

Cell Culture

In this in-vitro study, human breast can-
cer cell line (MCF-7) (ATCC® CRL2020™)
and normal osteoblast cell lines hFOB 1.19
(ATCC® CRL8621™) were used in the ex-
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periments. Cells were grown in a monolayer
in tissue culture flask containing DMEM me-
dia which is supplemented with 10% fetal bo-
vine serum and 1% antibiotics (10,000 units/
mL penicillin and 10,000 pg/mL streptomy-
cin) (Gibco, Life Technologies) in humidified
atmosphere of 5% CO, at 37°C. The cell cul-
tures were maintained in exponential growth
as monolayers in a 75 cm? tissue-culture flasks
and subculture was performed when cells were
80% confluent using 0.25% trypsin (Gibco,
Life Technologies).

The MCF-7 cell samples prepared for irra-
diation with HDR Brachytherapy were seeded
at a density of 2x10° cells in 25 cm? flask. The
bystander cells MCF-7 and hFOB 1.19 were
cultured in 96 and 6 wells plates at a density of
3x10° cells/well and 1x10° cells/well, respec-
tively. The cells were kept in a CO, incubator
at37°C.

Irradiation of targeted cells

Prior to irradiation, the medium irradiated
was aspirated and replaced with the fresh me-
dium. The MCF-7 cells’ confluency before ir-
radiation was around 50 — 60 %. This range
of cellular density may prevent the cell-to-cell
contact and leads into only communication
through the medium. The cells in flasks were
placed horizontally and irradiated at room
temperature with 0, 0.5, 1, 2, 4, 6 and 8 Gy
with a constant dose rate in the beam field size
of 15 cm x 15 cm. Bolus was placed on the
top of the cell samples at the ‘build up’ depth
in a water phantom. Cells irradiation were per-
formed using HDR brachytherapy with 0.38
MeV gamma rays from Iridium-192 source
(Nucletron, MicroSelectron). The sham-irra-
diated samples (0 Gy) were used as control
cells subjected to similar treatment condition
to the target cells.

Medium transfer protocol

After irradiation, all the cells samples (ir-
radiated and sham-irradiated) were incubated
for 1 hour. The transfer of the medium was

set up according to the technique developed
by Mothersill and Seymour [19]. The irradi-
ated cell conditioned medium (ICCM) from
the irradiated cells flasks were extracted and
filtered through 0.22 um PES membrane fil-
ters to ensure that no cells were present in the
transferred medium. The medium was then
aliquoted, stored at 80°C deep freezer and
thawed only once when it was required for
cells viability, ROS and clonogenic experi-
ments of non-irradiated bystander cells.

Bystander Cell Viability Measure-
ment

Cell viability experiments were performed
using PrestoBlue™ (Invitrogen, U.S.A.) cell
viability reagent. PrestoBlue™ cell viabil-
ity reagent is a ready-to-use reagent for rapid
evaluation of the viability and proliferation of
a wide range of cell types. Measurement of
the bystander cell viability was conducted by
seeding the cells at a density of 3 x 10° cells/
well in 96-well plates. This density was found
to be optimal to achieve the desired conflu-
ence at the end of the exposure period for both
MCF-7 and hFOB 1.19 cell lines. After 24 and
48 hours of incubation with ICCM, the sam-
ples were washed twice with PBS and then
PrestoBlue™ reagent was added in each well.
After 2 hours incubation at 37°C and 5% CO,,
the absorbance from colorimetric changes of
PrestoBlue™ reaction with viable cells were
measured using microplate reader (Varios-
kan Flash, Thermo Scientific) at an excitation
wavelength of 560 nm and an emission wave-
length of 590 nm.

Intracellular Measurement of ROS
in Bystander cells

Intracellular ROS levels in bystander cells
were measured using 2°,7’°- dichlorofluoresce-
in diacetate (DCFH-DA) (Sigma-Aldrich Pty.
Ltd., St Louis, Mo, USA) upon treatment with
ICCM. The study was performed in 96-wells
microplates and the cells were seeded at the
density of 1x10* cells/ml in 100 pL of respec-
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tive media. After 24 hours of plating, the cells
were loaded with 2.5 uM DCFH-DA for 30
minutes and incubated at 37°C. After incuba-
tion with DCFH-DA, plates were washed with
PBS twice before treatment with ICCM, and
left at 37°C , 5% CO, incubator. The fluores-
cence intensities were measured after 5 min,
1, 2, 4 and 5 hours, respectively. A microplate
reader (Varioskan Flash, Thermo Scientific)
was used with excitation and emission wave-
lengths set at 485 nm and 530 nm. The rela-
tive level of ROS in the bystander cells was
calculated as the mean fluorescence intensity
of the cells treated with ICCM compared with
the control cells without ICCM treatment.

Clonogenic Assay

The clonogenic assay measures the ability of
cells to divide and produce colonies in prolong
time. Appropriate number of bystander cells
was plated in 6 well plates for survival analy-
sis. After transferring the ICCM into bystand-
er cells, they were incubated for 10 to 14 days
to form colonies. Colony forming was scored
under a light microscope following, fixed with
iced cold methanol and stained with crystal vi-
olet. Colonies exceeding 50 cells were scored
as representing surviving cells. The plating
efficiency (PE) was calculated as the percent-
age ratio of number of colonies scored to the
number of seeded cells. Surviving fraction
represents the PE of sample relative to PE of
control.

Statistical Analysis

All experiments were done in triplicate and
each assay was repeated three times. Data was
expressed as mean =+ standard error of the mean
(SEM). IBM SPSS Statistics 24 was used to
analyse the recorded data. One-way ANOVA
was used to determine the significance of dif-
ferences between cells cultured in a sham-ir-
radiated medium and irradiated medium. Dif-
ferences were considered significant when the
p-values was less than 0.05. The graph was
drawn using GraphPad Prism 6.

Results

Bystander effects on MCF-7 and hFOB
1.19 cells viability

Figure 1 shows the bystander responses in
the non-irradiated cells measured after 24 and
48 hours incubation with ICCM from 0, 0.5,
1, 2, 4, 6 and 8 Gy irradiated cells popula-
tion. The difference between bystander cells
and control groups was statistically significant
(p < 0.05) for hFOB 1.19 but not for MCF-
7 bystander cells (p > 0.05). The results have
shown a consistent decrease of cell viability
in hFOB 1.19 cells with increasing dose. The
lowest percentage of cell viability was 85.5%
in 4 Gy bystander cells group (Figure 1B). The
cell viability of bystander cells decreased sig-
nificantly in hFOB 1.19 after 48 hours treated
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Figure 1: Percentages of bystander cells vi-
ability at different radiation doses for (A)
MCF-7 and (B) hFOB 1.19 cell lines.
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with ICCM when compared to non-treated
cells (p < 0.05). However, the MCF-7 by-
stander cells did not show the same response.
The results indicate that cell viability of MCF-
7 was not affected by increasing dose of irra-
diated cells (Figure 1A). According to the re-
sults, no significant differences in term of cell
viability were observed between the MCF-7
bystander cells, which received ICCM from
irradiated cells and bystander cells, which re-
ceived media from sham-irradiated cells.

Intracellular
bystander cells
The fluorescence intensity indicating relative
ROS was measured after 5 mins, 1, 2, 4 and 5
hours, respectively as shown in Figure 2. Time

ROS generation 1in

A) ROS MCF7

0 Gy
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1 Gy
2 Gy
4 Gy
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Figure 2: Fluorescence intensity level at dif-
ferent radiation doses for (A) MCF-7 and (B)
hFOB 1.19 cell lines. Results correspond to
the means + SE of three independent experi-
ments with three replicates in each case.

responses of intracellular ROS in the bystander
cells that were treated with ICCM from MCF-
7 cells irradiated with radiation doses from 0
to 8 Gy were shown in Figure 2. The ROS in-
tensity level in the bystander cells incubated
with ICCM is superior than the control group
for most of the bystander cells groups. Figure
2A demonstrates that the intracellular ROS of
MCF-7 bystander cells consistently increases
until 4 h of the ICCM treatment and starts to
decrease at 5 h of the ICCM treatment. Up to 5
h incubation with ICCM, the ROS intensity of
all MCF-7 bystander cell groups has been still
higher than control group. Meanwhile, the in-
tracellular ROS of hFOB 1.19 bystander cells
have increased approximately 25% of control
at 2 h of the ICCM treatment and still had a
similar high level at 4 h, but it became compa-
rable with control without ICCM treatment at
5 h of the ICCM treatment (Figure 2B).

Clonogenic Assay

The long-term effects of RIBE on MCF-
7 and hFOB 1.19 cell lines were observed
through their cell survival following 10 to
14 days addition of ICCM and sham irradi-
ated medium. Percentage of survival rates of
the bystander MCF-7 and hFOB 1.19 cells
incubated with ICCM were shown in Figures
3A and 3B. The cell survival rate, in the by-
stander cells following treatment with I[CCM,
is lower than the control group for all MCF-
7 and hFOB 1.19 bystander cells groups. The
ranges of cell survival rate for the control and
bystander cells for MCF-7 and hFOB 1.19 fol-
lowing treatment were 81.7 — 100% and 65.4
— 100%, respectively. The percentage of cell
survival fraction in all bystander cells groups
compared to the controls show no significant
differences (p>0.05) for MCF-7 bystander
cells group. The level of cell survival shows
no radiation dose dependence for all by-
stander cells groups. This situation indicates
that the RIBE response in MCF-7 bystander
cells was independent of dose. Meanwhile,
the ICCM from targeted cells decreases 35%
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Figure 3: Percentage of survival rates of the
bystander (A) MCF-7 and (B) hFOB 1.19 cell
lines after addition of irradiated conditioned
media (ICCM).

of the hFOB 1.19 bystander cells survival at 1
Gy treatment group, followed by a consistent
increment in the cell survival up to 8 Gy. This
experiment shows the highest cells kill was in
the bystander cells incubated with ICCM from
1 Gy dose for hFOB 1.19 cells. A significant
difference was found in cell survival of hFOB
1.19 bystander cells (p < 0.05). The decrement
in percentage of cell survival suggests the
presence of RIBE responses in bystander cells
groups. Figures 4 and 5 illustrate the cell col-
ony was stained with crystal violet for MCF-7
and hFOB 1.19 bystander cells after 10 — 14
days of treatment. Colonies with more than 50

Figure 4: Cell colonies stained with crystal
violet for MCF-7 bystander cells. (a) 0 Gy, (b)
0.5 Gy, (c) 1 Gy, (d) 2 Gy, (e) 4 Gy, (f) 6 Gy, and
(8) 8 Gy.

Figure 5: Cell colonies stained with crystal
violet for hFOB 1.19 bystander cells. (a) 0 Gy,
(b) 0.5 Gy, (c) 1 Gy, (d) 2 Gy, (e) 4 Gy, (f) 6 Gy,
and (g) 8 Gy.

cells were considered as representing surviv-
ing cells.

Discussion

Radiation, which induced bystander effects,
have been thoroughly observed in radiother-
apy of cancer. As radiation therapy is the pri-
mary technique in eliminating cancerous cells,
and the study regarding bystander effects rap-
idly became an important topic in this field.
Studies on the mechanism of bystander effects
have important implications for clinical prac-
tice in radiation oncology. The present study
aims to analyse the RIBE responses in normal
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and cancerous cells when were exposed to the
irradiated media from breast cancer cells treat-
ed with HDR brachytherapy.

In this study, the bystander effects were stud-
ied in MCF-7 breast cancer cell line and hFOB
1.19-osteoblast cell line incubated with ICCM
from MCF-7 cell irradiated with HDR Ir-192
interstitial brachytherapy at 0, 0.5, 1, 2, 4, 6
and 8 Gy doses. In a prior study, the RIBE
response in MCF-7 bystander cells showed
no significant differences in their cell viabil-
ity and survival from control group and other
different dose groups. It was shown that the
radiation dose does not reduce the cell viabil-
ity and survival fraction of MCF-7 bystander
cells. We documented similar changes in con-
trol and non-irradiated cells, in a way that the
increasing in irradiated dose would not nega-
tively affect the cell growth. This results in ac-
cordance with other study showed the insig-
nificant effect for MCF-7 cell line in term of
short term cell proliferation and viability at
48 h after irradiation [18]. This present results
were in line with previous study that also ob-
served insignificant cell viability effect by any
increase in the dose [13].

We observed that the RIBE response of
MCF-7 bystander cells is constant and inde-
pendent of dose in the dose range of 0.5 — 8
Gy. This observation is consistent with the
previous results obtained when the MCF-7
bystander cells were treated with the medium
from targeted cells irradiated with X-ray pho-
ton beam [13, 20]. Their results revealed the
RIBE in MCF-7 cells is saturated at a dose 0.5
— 10 Gy; however, beyond 10 Gy, the RIBE in-
creased. Contrary, a dose-dependent response
was observed in MCF-7 bystander cells in a
microbeam experiment conducted by Shao et
al. [21]. It has been reported that the bystander
micronuclei increased with the fraction of ir-
radiated cells and the radiation dose delivered
to the targeted cells.

In contrast, hFOB 1.19 normal osteoblast
cells show that their RIBE response decreases
the cell viability significantly for most of the

treated groups after 24 and 48 h treatment. The
addition of ICCM of MCF-7 irradiated cells to
the hFOB 1.19 bystander cells led to increase
significantly the RIBE level in both cells vi-
ability and colony forming assay. Our results
were in line with previous study showing the
viability of the non-irradiated osteoblast cells
compared with the control cell culture de-
creased after the addition of 10 and 20% of
ICCM from targeted cells [22]. To our knowl-
edge, the present study is the first to show a
significant responses in non-targeted effect of
in-vitro breast cancer cells irradiation using
HDR brachytherapy on the bystander osteo-
blast cells. This study demonstrates a signif-
icant reduction in the cell survival of hFOB
1.19 osteoblast cells in the dose range from
0.5 to 8 Gy. Radiotherapy-associated bone
complications have been recognized since the
early application of ionizing radiation as a pri-
mary part of cancer treatment [22]. The pres-
ent study investigated the gamma ray-induced
ICCM-bystander effects on osteoblasts at the
cellular level at clinically therapeutic doses.
It is believed that the irradiated MCF-7 cells
release cytotoxic factors into the surrounding
medium, resulting in the detriment on unir-
radiated osteoblast cells. While an enhanced
RIBE in targeted cells is desirable, it is det-
rimental for non-targeted normal cells. Our
study shows that the contribution of the by-
stander response to total cell damage in hFOB
1.19 cells was higher than that in MCF-7. In
other words, this study demonstrates that the
normal osteoblast cells are more sensitive than
breast cancer cells in response to RIBE.

It has been reported that irradiated cells re-
lease cytotoxic factors into the surrounding
medium, which may affect the unirradiated
cells. The ROS, nitric oxide (NO), protein
kinase as well as cytokines were believed to
be involved in RIBE by the conditioned me-
dium harvested from irradiated cells [23-25].
Previously, there were a number of studies,
which reported the involvement of ROS and
NO in many types of bystander cells through
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signalling factor after the addition of irradi-
ated medium [18, 25, 26]. The analysis of the
levels of ROS and NO in human keratinocytes
HaCaT bystander cells was performed using
real time lapse fluorescence microscopy. Jella
et al., observed the consistent production of
ROS up to 24 h and the peak level of ROS
at the 1 h of ICCM treatment. Meanwhile, a
consistent increase in NO production was ob-
served up to 4 hours treatment and thereafter
the NO measurement returned to control lev-
els [25]. Our results demonstrate similar range
of ROS production in MCF-7 and hFOB 1.19
bystander cells in which superior ROS level
were observed up to 5 h treatment in the treat-
ed groups. The continuous generation of ROS
in bystander cells could be due to the signal-
ling molecules present in ICCM generated af-
ter irradiation.

However, ROS and NO pose a very short
half-lives and short diffusion range (< 5 mm),
they may not be the direct contributors to the
cellular damage in the bystander population
[27]. Therefore, some long-lived bioactive
factors downstream of NO and ROS such as
cytokines are most likely involved in the me-
dium-mediated bystander responses, which
can induce changes of the neighboring cells
[10, 28]. Previous study makes a correlation
between the generation of ROS activating a
protein complex such as nuclear factor kappa
B (NF-kB) pathway controlling transcription
of DNA, cytokine production and cell sur-
vival. This would result in reduction in cell
survival and proliferation by inhibiting cell
death [29]. The characterising the cytokines
profile of various tumour types and effect on
survival of bystander cells have been report-
ed in literature [30]. The cytokines secretion
profiles of human tumour cell lines (HT1080
(fibrosarcoma), U373MG (glioblastoma),
HT29 (colon carcinoma), A549 (lung adeno-
carcinoma) and MCF-7 (breast adenocarci-
noma) were compared between acute doses
of 2 and 6 Gy and fractionated doses of 6 Gy
after gamma-irradiation in culture medium.

Cytokines secretion profile such as tumour
necrosis factor-alpha (a) (TNF-a), Interleu-
kin 1-Beta (IL-1b), Platelet-Derived Growth
Factor-AA (PDGF-A), tumour growth factor-
beta-1 (TGF-B1), fractalkine, Interleukin-8
(IL-8), Vascular endothelial growth factor
(VEGF) and Granulocyte-colony stimulating
factor (GCSF) were found in conditioned me-
dium of all the cell lines. However, the secre-
tion of certain cytokines was cell line-specific.
The number and magnitude of secreted factors
considerably varied amongst the tumour cell
lines, which was dependent on incubation pe-
riod. Least number of cytokines were detected
in the conditioned medium of MCF-7 [30].
Similar results were found in detection of cy-
tokines expressed in culture media from 15 Gy
irradiated and unirradiated MCF-7 cultures in
which no significant difference was observed
between treated and control group [20].

Owing to the diverse effects of cytokines se-
creted after irradiation, there will be a varia-
tion in the radiation induced bystander re-
sponse between the growth and survival of
unirradiated bystander cells. In our studies, the
decrease in survival of bystander MCF-7 and
hFOB 1.19 cells, suggests the increases of cy-
totoxic effect in [CCM, seeming to be an event
associated with radiation induced signalling
pathway such as the generation of ROS. The
present results provide clear evidence that
ROS produced in non-targeted bystander cells
at a similar level in both cell lines could be the
mediator of RIBE responses in both normal
and cancerous cell lines.

In our study, a different response of RIBE
was found in non-irradiated bystander cells,
indicating that’s signal from one cell type can
modulate expression of bystander response
in another type of cells. RIBE has important
implication in tumour control using radiation
therapy, in which the targeted cells can trans-
mit the damaging signals to the non-irradiated
normal and cancerous cells, thereby inducing
a response similar to that of directly irradiated
cells. It is important to identify the mecha-
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nisms of RIBE produce from various cell lines
in order to maximize the doses to tumour tis-
sue while reducing damage to surrounding
healthy tissue during radiotherapy.

Conclusion

In conclusion, the contribution of the by-
stander response to the cell damage and death
in hFOB 1.19 cells was higher than that in
MCF-7. The observation of bystander re-
sponses was produced by MCF-7 breast can-
cer cells towards unirradiated normal and
cancerous cells may offer new perspective for
future treatment of breast cancer using HDR
Brachytherapy.
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