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Abstract 

Purpose: The goal of this research was to investigate the bystander effect in the A-375 cell line under the spatially 

fractionated radiation therapy (GRID therapy technique). In GRID therapy, due to direct and indirect cell damage 

after high-dose radiation, evaluation of Radiation-Induced Bystander Effects (RIBE) is of the most importance for 

investigating the risk of therapy. 

Materials and Methods: The potential role of RIBE was evaluated with different doses of 6 MeV electron radiation 

and different incubation times after irradiation using two methods; GRID therapy and medium transfer. Colony 

Formation Assay (CFA) and 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-2H-tetrazolium bromide (MTT) test were 

used to detect the mentioned effects. Alpha and beta parameters were calculated from the cell survival curve by 

the quadratic-linear model. 

Results: The result showed that the survival fraction significantly decreases by increasing the radiation dose for 

both bystander and irradiated cells. However, a decrease in the number of colony-forming cells caused by electron 

radiation greater than 4MeV to target cells was significantly increased compared with bystander cells (P < 0.05). 

While increasing the incubation time after exposure to an electron beam, it had no significant effect on cell 

survival fraction (P  >  0.05). Furthermore, the RIBE level in non-target cells increased up to a dose of 4Gy, but 

decreased significantly at doses higher than 4Gy. This result in high doses confirmed that a negative feedback 

mechanism was responsible for reducing the RIBE response. 

Conclusion: Based on the results, we can state there are classic radiation-induced bystander effects in A-375 

monolayer exposed by GRID therapy and medium transfer technique, which can play an important role in pre-

clinical and clinical studies. 

Keywords: Melanoma; GRID Therapy; Medium Transfer; Radiation-Induced Bystander Effect; Colony Formation 

Assay. 
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1. Introduction 

Tumor volume has been proposed as an important 

prognostic indicator of predicting radiotherapy outcome 

[1]. Treatment of large bulky tumors due to poor perfusion 

rate and the creation of large hypoxic areas that result in 

high radio-resistance has been considered a challenging 

issue in radiotherapy [2-4]. Spatially GRID radiation 

therapy (SGRT) is often considered an effective and 

palliative treatment modality in deep-seated bulky 

tumors therapy [5]. Spatially fractionated GRID 

radiotherapy (SFGRT) differs from standard 

conventional radiation because it treats the entire tumor 

volume with a non-uniform dose [6]. The SFGRT 

therapy, generally known as GRID therapy, has 

significantly reduced severe symptoms, above 

average local control, and minimal toxicity in 

palliative treatments [7]. In addition to the conventional 

clinical GRID therapy, in various studies, new ways of 

treating GRID have been investigated using different 

types of non-conventional radiation, such as synchrotron 

kilovoltage X-rays (XGRT), small beam electron GRID 

and proton beam [8-11]. Researchers like Kijima et al. 

and Meigooni et al. have shown that although photon 

GRID is an excellent treatment, electron GRID is superior 

to photon for large, superficial tumors where there are 

radiosensitive structures behind the tumor in the path of 

the photon beams because electron beam dose decreases 

rapidly after the beam passes through an environment 

[9, 12]. In another study, Entezari et al. used appropriate 

grid(s) for the optimum electron beam to treat subcutaneous 

tumors with 6 and 18 MeV energies. Their results 

illustrated that this treatment could be developed for a 

wide range of electron GRID therapies in routine clinical 

practices [13]. Therefore, electron GRID therapy has 

recently received attention because it may be able to solve 

the problem of the lack of protective effect on the skin 

that occurs in conventional radiation therapy [14]. 

In GRID therapy a broad field of treatment is considered 

as multiple smaller fields by means of a perforated screen 

[15]. In patients with advanced massive tumors, SFRT 

treatment has shown better local control of the disease 

[16]. In this method, although malignant tissues situated 

along the aperture of the grid are directly irradiated and 

the remaining tumoral regions are blocked, uniform tumor 

regression is clinically evident [17, 18]. This response 

cannot be thoroughly attributed to the damages occurred 

in the cells under the open field of GRID [19]. Furthermore, 

a non-targeted damage was appeared in the cells that was 

not directly undergone irradiation but was located close 

to the irradiated cells. This phenomenon is known as 

“Radiation-Induced Bystander Effect (RIBE)” and refers 

to the induction of biological effects in the non-irradiated 

cells followed by receiving signals from the neighboring 

cells which have been directly subjected to ionizing 

radiation [20, 21]. Accordingly, despite the cellular 

damages that occurred due to the direct incidence of 

ionizing radiation, the target organ as a complex is 

systemically affected by the radiation [22, 23]. In this 

case, the bystander effect may act as a double-edged 

sword, so that the production of growth factors by non-

irradiated cells causes the protective effects of irradiated 

cells, while the dangerous bystander effects of cells that 

have not been exposed to radiation may be due to the 

production of Reactive Oxygen Species (ROS) in the 

environment under direct radiation [24, 25]. Many 

studies have reported that RIBE is dependent on several 

parameters such as dose rate, dose per fraction, and cell 

or tissue type [26]. However, a clear explanation of how 

each of these parameters affects RIBE has not yet been 

provided [27]. Butterworth et al. evaluated the survival 

responses occurring in the blocked and non-blocked 

cells following radiation therapy using a multi-leaf 

collimator, as a beam modulator, which shielded 50% 

of the cell population [28]. There are three possible 

pathways for transmitting signals from directly irradiated 

cells to the bystander cells: through direct cell-to-cell 

contact of membrane structures, through Ggap Junction 

Intercellular Communication (GJIC), or via medium 

transfer mediated by the propagation of damaging signals 

to the medium of directly irradiated cells [29]. 

From the point of view of Grid therapy, RIBE can 

be observed in the volume of the tumor under Grid 

irradiation although not many studies have been 

conducted on that. Considering the importance of the 

bystander effect in terms of radiotherapy, in the present 

study we evaluated the potential role of radiation-induced 

bystander effect in melanoma cells under 6 MeV electron 

beam exposure using two methods; 1) Spatially 

Fractionated Radiation Therapy (FSRT) by a GRID 

applicator characterized for electron beam and 2) 

transferring medium of irradiated culture to a separate 

non-irradiated culture. Since radiobiology experiments 

to evaluate radiation-induced bystander effect have been 

made only for photon grade therapy, an electron beam 

was used for the first time in this study. Finally, in order 

to evaluate the cytotoxic effects induced by two methods 
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of A-375 human melanoma cells irradiation direct and 

non-indirect, Colony Formation Assay (CFA), and 3-

(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-2H-

tetrazolium bromide (MTT) test were used. Also, the 

values of alpha and beta parameters were determined 

by the classical LQ model.  

2. Materials and Methods  

2.1.  Cell Culture 

A-375 human melanoma cell line was obtained from 

the Pasteur Institute of Iran. The cells were cultured in 

RPMI-1640 (GIBCO) supplemented with 10% Fetal 

Bovine Serum (FBS), penicillin/streptomycin at 37 °C 

in 5% CO2. The cells were collected by trypsinizing [30]. 

2.2.  Irradiation Procedure 

A-375 cells (3.5 × 105) were plated in 60 mm cell 

culture Petri dishes. After 48 h, cells were exposed to 

electron beam using a linear accelerator (Varian medical 

system, lnc). The cells were exposed to 0 Gy (control 

group), 2, 4, 6, and 8 Gy of 6 MeV electron beam at a 

dose rate of 300 monitor units per min. The Source-to-

Surface Distance (SSD) was adjusted to 100 cm. After 

irradiation, the cells were harvested, counted, and assayed 

for colony formation ability. 

2.3.  GRID Characteristics 

For FSGRT experiments a GRID applicator 

personalized for electron beam was used (Figure 4a). The 

grid was made of lead alloys which contain antimony 

(15-20%). High heat and pressure resistance, low 

volumetric variation with changes of temperature, inability 

to dissolve in gases, and low reaction towards oxidation 

are some prominent advantages of dry lead. This alloy 

is very cheap and available. The center-to-center distance 

between the adjacent openings of the designed grid is 

1.8 cm and each opening has a diameter of 1.5cm. The 

dose distribution of isodose curves was assessed with 

EDR-2 dosimetric film. All calculations were performed 

at a depth of 1cm. Dosimetric results showed a reduction 

of approximately 30% in the maximum depth dose in 

the areas located under the shielded area of the grid 

compared to the open areas. The results of absolute 

dosimetry indicated that a GRID factor of 1.25 must 

be considered for MU calculations. 

2.4.  Bystander Survival Studies 

Two methods: 1) FSRT using GRID and 2) Medium 

transfer were used to investigate the radiation-induced 

bystander effects in melanoma cells. 

2.5.  GRID-Based Bystander Studies  

In the first method, A-375 cells were plated in Petri 

dishes, for 48h. In this experiment, we considered the 

cells as "in-hole cells" that were exposed to 2, 4, 6, and 

8 Gy and "out-hole cells" that were cells adjacent to 

directly exposed cells. The "out-hole" cells were not 

directly exposed, but received indirect radiation (i.e., 

scattering) as "bystander cell" which was also called "out 

hole" (under shielded areas). These cells were undergone 

valley doses of approximately 1.4, 2.8, 4.2, and 5.6 Gy. 

The "in-hole" and "out-hole" cells were identified and 

separated by a histological marker Pap pen (Ted Pella, 

Inc. Redding, CA). A-375 cells were collected at different 

times (0, 24, and 48 hours) after GRID therapy. Clumps 

were separated by a cell scraper, and after that the cells 

were cultured in dishes to evaluate colony formation 

ability after 10 days. 

2.6.  Non-Targeted Effects Study by Medium 

Transfer   

Non-targeted radiation effects are a term used to 

describe the effects of radiation on organisms, in which 

the cell or organism is not directly exposed to ionizing 

radiation. For this purpose, A-375 cells were seeded in 

Petri dishes for 48 h after the cells were exposed to an 

electron beam in various doses (0, 2, 4, 6, and 8 Gy). 

4 h after irradiation, all the medium was collected and 

passed through the 0.22 µm filter to ensure that the 

irradiated cells were removed. then this medium was 

transferred to non-irradiated cells. The cells were collected 

at various times (0, 24, and 48 hours) after medium 

transfer and cultured in dishes for the CFA test. 

2.7.  In Vitro Cytotoxicity Assay 

The toxicity of the SFGRT therapy (in-hole and out-

hole cells) and medium transfer therapy was evaluated 

by the MTT cell viability assay. The 10,000 cells/well 

of A-375 cells were cultured in microplates (96-well). 

After overnight, the cells were treated with different doses 

of radiation as Grid therapy (0, 2, 4, 6, and 8 Gy of 6 MeV). 

In another plate, medium transfer was performed 24 
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hours after the cell was seeded. After 24 hours of all 

treatment modalities, MTT solution (100 µl/well) was 

added and plates were placed in an incubator for 4h. 

After, the MTT dye was removed and 200 µl of 

Dimethyl sulfoxide (DMSO) was added to each well. 

The plates were placed on a shaker for 30 min, then 

the absorbance of wells in 570 nm was read by an 

Enzyme-Linked Immunosorbent Assay (ELIZA) 

reader [31]. 

2.8.  Colony Formation Assay 

For evaluating the Colony Formation Assay (CFA) 

of cells after treatment with different modalities, A-375 

cells (treated and control cells) were cultured in Petri 

dishes. After ten days, the medium was removed and 

the cells were washed with PBS buffer. The cells were 

then fixed with formaldehyde (2%) and stained with 

violet crystal [32, 33]. Then, the colonies were counted 

and the CFA was determined. Plating Efficiency (PE) and 

Surviving Fraction (SF) were obtained via Equations 1 

and 2, respectively: 

𝑃𝐸 (%) =
𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑐𝑜𝑙𝑜𝑛𝑖𝑒𝑠 

𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑐𝑒𝑙𝑙𝑠 𝑠𝑒𝑒𝑑𝑒𝑑
× 100 (1) 

𝑆𝐹 (%) =
𝐶𝑜𝑙𝑜𝑛𝑖𝑒𝑠 𝑐𝑜𝑢𝑛𝑡𝑒𝑑

𝐶𝑒𝑙𝑙𝑠 𝑠𝑒𝑒𝑑𝑒𝑑 × (
𝑃𝐸
100

)
 (2) 

The LQ model expresses the surviving fraction of 

clonogenic cells as a function of radiation dose D (dose–

response relationship) with the following Equation. 

𝑆 = 𝑒𝑥𝑝[−(𝛼𝐷 − 𝛽𝐷2)] (3) 

The parameters α and β represent the intrinsic  

radiosensitivity of the cells determined from dose-

response experiments and show linear and quadratic 

components of the cell death.   

2.9.  Statistical Analysis 

All the data acquired in this study had a normal 

distribution; statistical analysis was performed using 

one-way analysis of variance (ANOVA) using Graph 

Pad prism. The value of P  <  0.05 was considered to be 

significant. 

 

3. Results  

3.1.  Toxicity of Direct Electron Radiation vs Grid 

Electron Irradiation 

Figure 1 shows the direct/Grid electron radiation and 

medium transfer response of target and bystander A-375 

cells according to the MTT assays. The MTT results of 

direct irradiation show a continuous decrease in cell 

viability with increasing dose. The same result applies to 

in-hole wells irradiated with Grid radiation. The same 

result applies to in-hole and out-hole wells (relatively less 

for out-hole wells) that are irradiated with Grid irradiation. 

While for the medium transfer model, cell viability is 

reduced to 4 Gy, and then increased at 6 and 8 Gy. 

However, as can be seen from Figure 1, the cell death 

rate in the MT method is significantly less than direct 

or indirect radiation (P  >  0.05). In general, the highest 

rate of cell death is in direct radiation for 8 Gy (P  <  0.05). 

3.2.  Effects of 6 MeV Electron Radiation on Colony-

Forming Ability 

The survival curve of the melanoma cells at 0, 24, and 

48 hours incubation time after direct exposure electron 

beam is shown in Figure 2. The survival fraction of the 

cells was significantly decreased with the increase of 

radiation dose at all times of incubation (P  <  0.05). But 

the increase in incubation time after electron radiation 

 

Figure 1. Relative cell viability of target and bystander 

A-375 melanoma cells, exposed to different doses of 

electron beams (2, 4, 6 and 8 Gy) by direct radiation, 

Grid therapy and medium transfer according to the 

MTT assay. Results reported as mean ± SD of three 

experiments (*p < 0.05)  
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had no significant effect on the survival fraction of the 

cells (P >  0.05). 

3.3.  Bystander Effect in the Medium Transfer 

Method 

Four hours after electron radiation, the medium was 

transferred as described previously. The colony-forming 

ability was determined for non-irradiated cells at 24 and 

48 hours after medium transfer. Figure 3 shows the 

survival fraction of bystander cells that were not irradiated 

but rather received medium from directly irradiated cells. 

When cell culture medium from directly irradiated cells 

was transferred to non-irradiated cell cultures, bystander 

killing was observed, which was not dependent on the 

incubation time with the transferred medium (P > 0.05). 

The survival fraction of the cells that were incubated 

either 24 h or 48 h after medium transfer was not 

significantly different (P  > 0.05). The maximum reduction 

in cell survival occurred in the cells that had received 

culture medium from the cells, which were exposed to a 

4 Gy electron beam. Figure 3 a and b shows the survival 

fraction of directly irradiated and bystander cells at 24 

and 48 hours after medium transfer. As can be seen, there 

is no significant difference between the survival 

fraction of two groups of direct and bystander cells at 

2 and 4 Gy (P > 0.05), but over 4 Gy at 6 and 8 Gy, there 

is clearly a significant difference between the survival 

fraction of these two groups (P < 0.05). The results 

showed that the bystander effect, even in the absence 

of direct irradiation, could decrease cell viability, although 

not to the amount of direct irradiation.  

3.4.  Bystander Effect in GRID Therapy 

A-375 cells were plated at specified cell density in 

Petri dishes. After 48 hours, the cells were exposed to 

6 MeV electron beams (0, 2, 4, 6, and 8 Gy) in the 

presence of the GRID applicator. The cells that were 

exposed to radiation were named "in-hole" and the 

adjacent cells which did not receive direct irradiation, 

as "bystander cell" were called "out-hole" (Figure 4a). 

A colony forming assay was performed for irradiated and 

bystander cells after radiation. Figures 4b and 4c showed 

the cell survival fraction at 0, 24, and 48 h after irradiation 

for “in-hole ” and “out-hole” cells, respectively. The 

survival fraction declined with increasing the radiation 

doses for both of the cell populations; directly targeting 

irradiated and bystander cells . The incubation period has 

no significant impact on the cell survival  (P > 0.05). As 

shown in Figures 4 d-f for different doses individually, 

for both of the cell populations (in-hole and out-hole), 

there were significant differences between the survival 

of the cells which were incubated for various spans 

and had undergone the same doses (P < 0.05). For all 

incubation periods the survival fraction and clonogenic 

potential of the directly irradiated cells “in-hole” was 

 

 

Figure 3. Comparison of the survival curve of directly 

irradiated A-375 cells and bystander cells (a) 24 and 

(b) 48 hours after medium transfer (or 28 and 52 hours 

after radiation), respectively. Results reported as mean 

± SD of three experiments (*p < 0.05) 

 a 

 b 

 

Figure 2. Survival fraction of A-375 cells at 0, 24 and 

48 hours’ incubation after direct irradiation with 6 MeV 

electron beams according to the colony formation assay 

(0, 2, 4, 6 and 8 Gy 
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significantly lower than that of bystander or “out-hole” 

cells when the same doses of irradiations were applied 

(P < 0.05). The results clearly showed the maximum 

lethal effect on cells during direct electron irradiation. 

3.5. Linear-Quadratic (LQ) Model 

To quantify the difference between the efficiency of the 

irradiation method, the parameters of α, β, and α/β were 

obtained from the survival fraction curves (Figure 5). 

The α/β ratio was determined as the dose in which the 

cell killing associated with α (linear parameter) and β 

(quadratic parameter) was equal. For this purpose, as 

shown in Figure 5a, the LQ diagram was fitted on the 

survival curve and the alpha and beta parameters were 

extracted using GraphPad Prism 9 software. As shown 

in Figure 5b and Table 1, higher values of the α/β ratio 

indicate that compared to Grid therapy, more cell death 

occurred under direct radiation. Moreover, the results 

showed that statistically significant difference (P < 0.05) 

between the α parameter of irradiated and non-irradiated 

groups of the Grid apertures (in-hole and out-hole, 

respectively). The non-target cells (bystander cells) had 

a value of α much smaller than the target cells (P < 0.05). 

Because normal tissue cells with low α/β ratios can 

   

   

Figure 4. (A) Schematic representation of irradiation of human melanoma cells A-375 by 6 MeV electron beam in the 

presence of GRID applicator, Survival fraction of (B) “in hole” and (C) “out hole” A-375 cells at 0, 24 and 48 hours’ 

incubation after GRID irradiation with 6 MeV electron beams (0, 2, 4, 6 and 8 Gy), Comparison of the survival fraction 

of directly irradiated cells “in hole” and bystander cells “out hole”, immediately (0) (D), 24 (E) and 48 hours (F) 

incubation after radiation with 6 MeV electron beams in combination with GRID (0, 2, 4, 6 and 8 Gy). Results reported 

as mean ± SD of three experiments (*p < 0.05) 

 

 a  b  c 

 d  e  f 

  

Figure 5. (A) Survival curves were fitted to the linear-quadratic (LQ) model, (B) the values of the linear and quadratic 

parameters α and β of the LQ model for direct irradiated and Grid therapy of A-375 cells at 0, 24 and 48 h after exposure 

with 6 MeV electron beams (0, 2, 4, 6 and 8 Gy)  

 

 a  b 
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tolerate a higher total dose in lower fraction size or lower 

dose rate [34], it can be important for heterogeneous 

doses of Grid therapy in clinical trials. 

4. Discussion  

In this study, our aim was to evaluate the ability of GRID 

therapy to induce bystander effects in melanoma cells 

after exposure to various doses of an electron beam. The 

results showed that in the cells adjacent to the irradiated 

areas, bystander killing was significant (0 Gy dose, P < 0.05, 

Figure 4). The reduction in cell survival in adjacent areas 

was greater than that expected from scattered doses, 

indicating the presence of true cytotoxic effects after 

GRID irradiation. Several studies have reported the 

induction of tumor necrosis factor-α (TNF-α) and decreased 

regulation of transforming growth factor β1 in the serum 

of patients after GRID therapy [35]. Generally, and as 

expected, after a major cytotoxic event, treatment with 

GRID can lead to increased cytokine production resulting 

in extensive systemic effects [36, 37]. Given the on/off 

nature of GRID fields, we have hypothesized that the 

bystander effect might play a role in killing adjacent non-

irradiated cells (Figure 4). The stimulation of a repair 

mechanism in the viable cells in the “out hole” areas 

might be responsible for the reduction of cell death in 

the “in-hole” areas compared to direct irradiated cells. We 

observed higher cell survival in Grid aperture than in 

uniform irradiation, which may be related to the effect of 

bi-directional intercellular communication called reciprocal 

bystander [38, 39]. To our knowledge, research into the 

intercellular communication that might exist between 

adjacent cells in the “in-hole” and “out-hole” regions of 

GRID therapy has not been performed to date, which may 

explain mechanisms involved in the promising clinical 

outcomes observed so far [36]. In the present study, 

we evaluated the bystander effect due to the presence 

of scattered rays produced in Grade therapy, through 

other methods such as medium transfer. Surprisingly, 

a significant decrease in cell viability (Figure 1) and 

clonogenic survival (Figure 3) was also shown in the 

bystander cells after transferring the medium obtained 

from directly irradiated cells. For instance, more than 

a 4-fold decrease in survival of the non-irradiated 

bystander cells which were only received culture medium 

form directly irradiated cells at 4 Gy has been observed. 

On the other hand, the results showed that bystander 

effect levels decreased at doses above 4 Gy (Figure 3). 

This phenomenon can happen for several reasons. Gow 

et al. attribute this to a negative feedback mechanism 

that increases survival at high doses. They reported that 

the cell survival rate decreased in a dose-dependent manner 

until saturation occurred, then cell survivalincreases with 

subsequent recovery and repair at high doses [40]. Peng 

et al. and Kishikawa et al. indicated that bystander 

signaling affected cell survival fraction in modulated 

fields proportional to the local dose, average dose 

gradient, and also, saturating at higher doses where the 

effects of direct radiation were predominant [41, 42]. 

Also, McMahon et al. showed that in regions with 

low-dose exposure, the cell survival fraction is more 

dependent on intercellular signals than direct radiation 

damages, which is prevalent in high-dose regions [43]. 

Our results also confirmed the existence of a negative 

feedback mechanism that was responsible for reducing 

the RIBE response at high doses, especially above 4 Gy. 

It can be important to consider the reduction of RIBE 

Table 1. Alpha (α) and Beta (β) parameters of A-375 cell line extracted from the survival fraction curves fitted in terms 

of the linear-quadratic (LQ) model 

 α (Gy-1) β (Gy-2) α/β (Gy) 

Direct (0h) 

Direct (24h) 

Direct (48h) 

In hole (0h) 

In hole (24h) 

In hole (48h) 

Out hole (0h) 

Out hole (24h) 

Out hole (48h) 

0.202 ± 0.005 

0.138 ± 0.009 

0.147 ± 0.007 

0.129 ± 0.004 

0.088 ± 0.001 

0.069 ± 0.002 

0.0900 ± 0.002 

0.048 ± 0.003 

0.04 ± 0.002 

0.084 ± 0.003 

0.06 ± 0.008 

0.05 ± 0.004 

0.081 ± 0.002 

0.081 ± 0.004 

0.082 ± 0.005 

0.094 ± 0.003 

0.05 ± 0.003 

0.049 ± 0.002 

2.404 

2.3 

2.94 

1.592 

1.086 

0.841 

0.957 

0.96 

0.816 
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at high doses and the reciprocal bystander effect at 

heterogeneous doses used in Grid therapy. 

5. Conclusion 

Based on clonogenic survival data, we showed that 

transferring the medium of irradiated culture and GRID 

therapy induced bystander effects in A-375 monolayer 

cells. Furthermore, decreased radiation-induced bystander 

effect level at high dose fractionation (above 4 Gy) could 

be used to predict normal tissue damage as a result of the 

bystander effect in radiotherapy procedures such as 

SFGRT, IMRT, and GRID therapy. Also, according to 

the obtained results, the bystander effect can affect the 

adjacent tissues in the new radiotherapy technology, 

which is delivered in the form of multi-order ultra-

high dose rate radiation (FLASH radiotherapy). These 

results presented here support the interest in performing 

biological experiments to evaluate these new GRID 

therapy avenues. 
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