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 المستخلص

الوشبكل فٖ بحْد الاشؼبع ّالخٖ قذ حؤدٕ حؼخبش الخأر٘شاث البْ٘لْج٘ت للجشع القل٘لت هي الاشؼت السٌ٘٘ت احذٓ  

الٔ الخحطن الكشّهْسْهٖ فٖ الخلاٗب الوشؼؼَ بشكل هببشش اّ فٖ الخلاٗب الوجبّسة للخلاٗب الوشؼؼت . اظِشث 

كلا الخلاٗب الوشؼؼت بشكل هببشش اّ الخلاٗب الوجبّسة اسخجبببث ححطوَ٘ هخأخشة فٖ الخلاٗب الابٌبء ححج هفِْم 

لجٌٖ٘ الوسخحذ ببلإشؼبع . فٖ ُزٍ الذساست حبّلٌب لخقل٘ذ حأر٘شاث جشع الاشؼت السٌ٘٘ت ػذم الاسخقشاس ا

( ببسخخذام خلاٗب الاًسبى الاّل٘ت الوٌخجت للأل٘بف ُّزٍ الاشؼت حؼخبش كولْد 0.5radالوسخخذهت فٖ الكشف )

 للب٘ئت .

وجوْػت الخلاٗب الوشؼؼت بشكل هببشش ( هي الاشؼت السٌ٘٘ت ّاػخبشث ُزٍ الخلاٗب ك0.5radشؼؼج الخلاٗب بوقذاس)

, بٌ٘وب اسخحزج الخلاٗب الوجبّسة بْاسطت ًقل الْسط الزسػٖ هي الخلاٗب الوشؼؼت ّإضبفخِب لخلاٗب غ٘ش هشؼؼت , 

لغشض ق٘بس الخأر٘شاث الوخأخشة رن ق٘بس الخحطن  42كلا الوجوْػخ٘ي الوببششة ّالوجبّسة ًو٘ج حخٔ الج٘ل 

فٖ كلا الوجوْػخ٘ي ّالخلاٗب الابٌبء ببسخخذام الخحل٘ل الكشّهْسْهٖ    DNAلٖ للـ الكشّهْسْهٖ ّالخحطن الك

ّححل٘ل الوزًب . لْحظج الاسخجببت الاّل٘ت للخحطن الكشّهْسْهٖ فٖ الخلاٗب الوشؼؼت بشكل هببشش هغ رلك 

الٌبح٘ت  كبًج حلك الاسخجببت هؼٌْٗت غ٘ش اى الخلاٗب الوجبّسة اظِشث ححطن كشّهْسْهٖ غ٘ش هؼٌْٕ هي

 DNAالاحصبئ٘ت هقبسًت هغ هجوْػت الس٘طشة . اظِشث ًخبئج ححل٘ل الوزًب الخبصت بق٘بس الخحطن الكلٖ للـ 

فٖ كلا الوجوْػخ٘ي الوببششة ّالوجبّسة. كوب اظِشث الخلاٗب   DNAاسخجببت اّل٘ت ػبل٘ت ّهؼٌْٗت لخحطن الـ 

بؼذ   DNAحْظ ّهؼٌْٕ فٖ ححطن الكشّهْسْهبث ّ الـ الابٌبء لكلا الوجوْػخ٘ي الوببششة ّالوجبّسة اسحفبع هل

ج٘ل .اقخشحج الٌخبئج اى الجشػت القل٘لت الوسخخذهت فٖ الخشخ٘ص هوكي اى حؤدٕ الٔ ػذم اسخقشاس  42

 الؼلاهت الحق٘ق٘ت لٌشْء السشطبى كشّهْسْهٖ فٖ خلاٗب الاًسبى الاّل٘ت الوٌخجت للأل٘بف ّػذم الاسخقشاس ُزا ٗؼذ 

Abstract 

One of the key issues of current radiation research is the biological effect of low doses 

of X-ray, which can instigate to chromosomal damage in direct irradiated and 

bystander cells. Additionally, the direct irradiated and bystander cells demonstrate 

delayed damage responses within their progeny, underlying radiation-induced 

genomic instability (GI). In this study we tried to mimic the effects of diagnostic 

procedure doses of X-ray (0.5 rad) on human fibroblast cells, which are considered as 

a one of the environmental polluter.  
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Human fibroblast cells were irradiated with 0.5 rad X-ray, which were considered the 

direct irradiated cells; whilst radiation-induced bystander effects (BE) were induced 

by media transfer. Both cell populations were propagated until 24 generations for 

delayed responses. The direct, bystander and their progeny cells were subjected to 

chromosomal analysis and comet assay to measure chromosomal and total DNA 

damage in these cells.  

Early response of chromosome damage was observed in the direct irradiated cells; 

however it was statistically insignificant. Bystander cells showed higher chromosomal 

damage than the irradiated cells; but it was insignificant compare to the corresponding 

control groups. Conversely, comet data demonstrated a significant DNA damage in 

both direct irradiated and bystander cells as initial responses. Interestingly, progeny of 

direct irradiated and bystander cells showed a significant chromosomal instability and 

DNA damage after 24 population doublings following irradiation. The findings 

suggested that the diagnostic procedure doses of X-ray could cause a profound 

chromosomal instability within human primary fibroblast cells; which are considered 

as a hallmark of carcinogenesis.   

Introduction 

In recent years, many observations following radiation exposure, both in vivo and in 

vitro, indicate that radiation induces complex biological damage described as non- 

targeted effects of ionising radiation; these include radiation-induced genomic 

instability (GI) and radiation- induced bystander effects (BE). Radiation-induced GI 

produces effects that are observed in the progeny of irradiated cells, which are 

thought to be a critical step in the onset and progression of cancer. Radiation-induced 

BE are a damaging response exhibited in unirradiated cells that have received 

molecular signals produced by irradiated cells through molecules in the irradiated cell 

conditioned media (ICCM) or via intercellular communication through cell gap 

junctions (1-4). 

Bystander cells exhibit a wide range of biological responses, with many phenotypic 

similarities to GI. The nature of the soluble transmitting factor(s) is yet to be fully 

understood, but cytokines including IL-8 (5), TGF-b (6), and TNF-a (7, 8), as well as 

calcium fluxes, nitric oxide (NO) (9) and reactive oxygen species (ROS) (10) have 

been suggested as mediators of bystander responses. A role for plasma membrane-

bound lipid rafts has also been indicated (11). Recently, miRNA has been shown to be 

a potential mediator of the bystander effect (12). Interestingly, miRNA molecules 

have been found in exosome multi-protein complexes, which are known to be one of 

the cell-cell communication signals (13), secreted by healthy and nonhealthy cells. In 

addition, exosomes have been found to be associated with the process of non-targeted 

effects of ionising radiation (14). 

Non-targeted effects have been identified in a wide range of cell types (15, 16), 

following exposure to different types and doses of ionising radiation and studied 

using many different experimental designs such as grid technique, medium transfer, 

microbeam and co-culture (7, 17-21), and using both in vivo and in vitro models (22, 

23). Furthermore, there are some discrepancies between research laboratories as to 

whether bystander responses in particular, can be induced using certain radiation 

quality or dose and in certain cell types (24). The cause is unclear; however, it is 

important to investigate some of these factors and attempt to elucidate potential 
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sources of such discrepancies. Interestingly, in addition to the above- mentioned 

factors that influence non-targeted effects of ionizing radiation, recent studies by two 

groups have demonstrated the possible involvement of serotonin in the induction of 

radiation-induced bystander signals. These groups have suggested a correlation 

between serum serotonin levels and toxicity of harvested irradiated cell medium that 

may contribute to the variability of bystander response in some studies (25). 

The aim of this study was to investigate the effects of low dose of ionising radiation 

(procedure diagnostic dose) on human fibroblast, which can be considered as a 

profound pollution in our modern life. 

Materials and methods 

Cell Culture 

Human primary fibroblast cells were cultured in EMEM media supplemented with 

15% fetal bovine serum, (FBS, Sigma St. Louis, MO); 2 mM L-Glutamine (Gibco) 

and 1% (v/ v) penicillin/streptomycin solution (Sigma) in a humidified 5% CO2 

incubator at 378C. For cell propagation 1.5 X 10
6
 cells were seeded per 75 cm2 tissue 

culture flask (T75). 

 

Irradiation 

Cells were grown in T75 flasks to 80% confluence. Cells were irradiated with 0.5 Rad 

of X rays. The irradiation was carried out at the Gray Institute for Radiation, 

Oncology and Biology (University of Oxford), using a Siemens Stabiliplan X-ray 

machine (Siemens, Munich, Germany). A media transfer method [irradiated cell 

conditioned media (ICCM) transfer] was used for the investigation of radiation-

induced bystander effect. Several experiments were performed and bystander 

populations were established according to the treatment regime, as detailed below. 

A flask of cells that received direct irradiation was incubated at 37C for a further 24 h 

and cells were harvested for analysis. For bystander experiments the ICCM was 

collected 4 h after irradiation of cells and filtered through a 0.2 lm filter [which was 

pre-treated with 1% BSA to reduce protein binding to the filter (24)]. Then the filtered 

ICCM media was transferred to fresh cells at 80% confluence and incubated for 24 h 

to induce bystander effects.  

Chromosomal analysis 

Cells were harvested for metaphase preparation at 60–70% confluence using our 

established method (26). Briefly, cells were treated with 20 ng/ml demecolcine 

(Sigma) for 1.5 h in a humidified 5% CO2 incubator at 378C. Cells were centrifuged 

at 259g for 10 min. The supernatant was discarded, while the cell pellet was re-

suspended with a hypotonic solution [75 mM potassium chloride solution (KCl, 

Sigma) for 20 min at 378C]. The hypotonic cell suspensions were centrifuged at 180g 

for 10 min. The supernatant was aspirated, and the cell pellet was fixed twice with 

25% acetic acid in methanol. Fixed cells were then dropped onto clean slides, and 

stained using the Giemsa solid staining technique. Slides were coded and at least 100 

metaphases were analyzed per group. 
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Comet Assay 
 

Single-cell gel electrophoresis or comet assay is a simple and sensitive method to 

quantify total DNA damage (double-strand breaks, single-strand breaks and base 

damage) in individual cells (27, 28). The comet assay was performed as described 

(29, 30). Briefly, microscope slides were coated with 1% normal melting point 

agarose (NMPA) and allowed to dry over night. The coated slides were then placed 

on a metal tray on ice. Twenty thousand cells were re- suspended with 200 ll of 0.6% 

low melting point agarose (LMPA) and placed immediately onto chilled pre-coated 

slides. The cell- LMPA suspensions were flattened with cover slips, which were 

removed after 5–10 min. The slides were then transferred to a Coplin jar, which was 

filled with cold lysis buffer (2.5 M NaCl, 100 mM EDTA pH 8.0, 10 mM Tris-HCl 

pH 7.6, and 1% Triton X-100, pH . 10). The jar was kept at 48C overnight. The slides 

were then moved to a horizontal electrophoresis tank filled with electrophoresis buffer 

(0.3MNaOHand1mMEDTA,pH13)at48Cfor40min.The electrophoresis was run for 30 

min, at 19 V, 300 A. Slides were neutralized with neutralizing buffer (0.4 M Tris-

HCl, pH 7.5), washed with distilled water, and immediately stained with a 1:10,000 

dilution of SYBR Gold (Molecular Probes/Invitrogen, Carlsbad, CA). The slides were 

analyzed using Komet 5.5 Image Analysis Software (Kinetic Imaging Technology 

/Andor, Germany). 

 

Statistical Analyses 
 

For analysis of comet assays, at least 200 cells per group were analyzed; statistical 

analysis was performed using the Mann-Whitney Test, utilising the median of raw 

data. The Mann-Whitney test deals with the median of nonparametric data and it is an 

acceptable test for comet data (31, 32). Each experiment was carried out 3 times. 

Analysis showed no significant inter-experimental variation; therefore, data from 

these experiments was pooled. Chromosomal data, represented as mean aberrations 

per cell, was subjected to the Mann-Whitney test. For each group, 100 metaphases 

were analyzed. 

Results and discussion 

It was first necessary to prove that IR has a biological effect on cells. Therefore, 

human primary fibroblast cells were hit with 0.5 rad X-ray and subjected to comet 

assay, measuring the total DNA damage. The results showed that IR significantly 

(p≤0.01) induced DNA damage in the directly irradiated human fibroblast cells 

compared to the unirradiated human fibroblast (control cells) (Fig 1A). Data 

suggested that IR could induce inflammation instigating to DNA damage. Much 

evidence has reported that IR can mediate inflammation in human lung cells in vivo 

(26) and in vitro (27). As very well known that inflammation can lead to DNA 

damage (28, 29). In addition, IR can active endotoxic proteins (30), which can cause 

damage to the cells components including DNA (31).  

We also tested whether IR was able to induce BE in the human fibroblast by 

transferring ICCM to non-treated/fresh human fibroblast cells to induce BE within 

these cells as described in the materials and methods section. Our finding 

demonstrated that the ICCM significantly (p≤0.01) induced DNA damage in the 

bystander cells (Fig 1A). The BE could be mediated by cytokines that secreted by IR 
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treated cells. This suggestion was supported by Ishida, et al, who reported that IR can 

increase in pro-inflammatory cytokines, such as tumour necrosis factor- α (TNF-α), 

interleukin (IL)-1β and IL-6 (32). These cytokines can play a crucial role in the 

induction of BE. Rastogi and co-authors demonstrated that cytokine inflammatory 

signals such as TNF-α can converge on a COX-2 dependent pathway leading to 

induce BE in the mice bone marrow (33). Moreover, IL-6 and IL-8 are likely to be 

involved in the induction of BE (34). 

    The Irradiated and bystander fibroblast cells were propagated up to 24 population 

doublings to investigate GI within the progeny of these cells, and whether IR can be 

involved in the late DNA damage. The progeny of both direct treated and bystander 

fibroblast cells showed a significant delayed DNA damage (p0.0001) compared to 

the control (Fig 1B). Data suggested that the damaged cells with in the progeny of 

direct irradiated and bystander cells could be observed because of the telomeric 

instability, that are induced by IR (35)Al-Mayah has reported that normal cells can 

display GI following low doses of X-ray. He suggested that exosomes’ cargo has an 

important role in the induction of non-targeted effects of IR (36). 
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Figure) 1(: Early and late total DNA damage in human primary fibroblast cells 

following 0.5 rad X-ray irradiation. 

Panel A represents the initial direct and bystander total DNA damage including 

single-stranded break, double-stranded break and DNA base damage in the human 

fibroblast following 0.5 rad X-ray. Both direct irradiated and bystander cells showed a 

significant DNA damage (*p0.01) compared to the corresponding controls. Comet 

data in panel B demonstrated that the progeny of direct irradiated and bystander cells 

exhibited a high significant delayed DNA damage (**p0.0001) after 24 population 

doublings post irradiation. The finding suggested that diagnostic dose of X-ray is able 

to induce a significant genomic instability in human fibroblast after 24 generation 

following irradiation. 
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We repeated the experiment using chromosome analysis in order to measure the 

initial and delayed effect of low dose of X-ray in the direct irradiated, bystander and 

the progeny of human fibroblast cells.  

    The direct and bystander fibroblast cells demonstrated an early chromosomal 

aberrations following irradiation; however, they were statistically insignificant as 

shown in figure 2 (A). Our finding suggested that initial chromosomal damage could 

be repaired by DNA repair mechanism. As mentioned above in figure 1 A that comet 

data showed single-stranded break, double stranded break and DNA base damage, in 

which more than 90% of single stranded break can be repaired by one of DNA repair 

mechanisms. Therefore, chromosome aberrations were insignificantly observed at in 

fibroblast cells at first generation post low dose irradiation. 

 Interestingly, human fibroblast cells demonstrated profound chromosomal instability 

(p0.0001) within survival progeny of both direct irradiated and bystander cells after 

24 generations post irradiation (See figure 2, B). Our chromosomal data confirm our 

comet data suggestion, that IR could be involved in the induction of GI, but in a tissue 

specificity manner. Kim and co-worker have documented that media from irradiated 

prostate epithelial cells has IL-1β, IL-6 and TNF-α. They suggested that IR can 

stimulate pro-inflammatory cytokines secretion (37). These long lived signals 

(cytokines) can induce stress and injury, which can instigate GI and BE (38). Al-

Mayah and co-authors have documented that exosomes protein and RNAs molecules 

play a crucial role in the chromosomal instability induction by X-ray. Our data 

suggested that low doses of X-ray can induce chromosomal instability in the human 

primary fibroblast, leading to cancer underlying radiation-induced genomic 

instability. 
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Figure) 2(: Initial and delayed mean chromosomal aberrations in human 

primary fibroblast cells following 0.5 rad X-ray irradiation. 

Panel A represents early chromosome aberrations in the human fibroblast following 

0.5 rad X-ray. Both direct irradiated and bystander cells showed an insignificant 

chromosomal damage compared to the corresponding controls. Nevertheless, panel B 

demonstrated that the progeny of direct irradiated and bystander cells exhibited high 

significant delayed chromosome aberrations (**p0.0001) after 24 population 

doublings post irradiation. The data suggested that low dose of X-ray is able to induce 

a significant chromosomal instability in human fibroblast after 24 generation 

following irradiation underlying radiation induced genomic instability. 
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Conclusions 

    Low doses of ionising radiation, X-ray, can cause initial chromosomal damage in 

the direct irradiated human fibroblast cells. Moreover, the ICCM of both human 

fibroblast cells has an ability to induce BE in the unirradiated/fresh human fibroblast. 

In addition, GI was significantly observed in the progeny of both irradiated and 

bystander cells after 24 population doublings following irradiation. 
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