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التأثيرات المشاهذة وعذم الاستقرار الجيني المستحث بالىسيط الالتهابي: دور 

 النسيجخصىصية 

 ضِ جاصٌ اىٍَاحعَاس ح

  جاٍعح ٗاصط/ ميٍح اىعيً٘

 مستخلصال

مصٍش ٍِ اىذلائو أٗضحد أُ الاىرٖاب اىَضرحس تالإشعاع ٌضرطٍع أُ ٌضثة ضشس خي٘ي فً اىخلاٌا اىَعشضح 

ىلإشعاع تشنو ٍثاشش ٗ اىخلاٌا اىَشإذج اىرً ذنُ٘ تاىقشب ٍِ اىخلاٌا اىَشععح ذحد عْ٘اُ اىرأشٍشاخ اىَشإذج 

فً اىخلاٌا الأتْاء  تشِٕ ٗتشنو ٗافًقذ  GI مَا إُ عذً الاصرقشاس اىجًٍْ اىَضرحس تالإشعاع .BEىلإشعاع 

. حاٗىد ٕزٓ اىذساصح أُ ذقيذ اىرأشٍشاخ اىَشإذج ماصرجاتح ٍرأخشج ىيخلاٌا اىَعشضح ىلأشعح ٗاىخلاٌا اىَشإذج

عيً خلاٌا الإّضاُ اىَْرجح LPSضامشاٌذ ٗعذً الاصرقشاس اىجًٍْ ىلإشعاع تاصرخذاً اىرأشٍش الاىرٖاتً ىيٍث٘ت٘ىٍ

 .HUVECٗاىخلاٌا اىطلائٍح ىيحثو اىضشي  HF 19ىلأىٍاف 

ب  HF19ذٌ ٍعاٍيح خلاٌا  DNAعيى إحذاز ضشس فً  رٔإٍناٍّٗ LPS لاخرثاس اىراشٍش اىثاٌاٌ٘ىجً ىو

. أصرخذً LPSه ٍعاٍيح تاترقٍْح ّقو اى٘صط اىزسعً ىخلاٌا غٍش  BE, تٍَْا اصرحس LPSٍاٌنشٗغشاً/ٍو 1

اىخلاٌا اىَشإذج. مزىل تشنو ٍثاشش ٗ LPSفً اىخلاٌا اىَعاٍيح ب  DNAاخرثاس اىَزّة ىقٍاس اىرحطٌ اىنيً ىو 

ٗاىَشإذج أعيى ٍِ ّرائج ٍجاٍٍع   LPSماّد ّرائج اىفحص اىَثنش )اىجٍو الأٗه( ىيخلاٌا  اىَعاىجح ٍثاششج ب 

اىَجَ٘عرٍِ. ىزا  اىجٍو اىصلاشٍِ ىنلا ىٌ ذلاحظ فً أتْاء GIَرأخشج إلا أُ اىرأشٍشاخ اى .اىضٍطشج ٗتشنو ٍعْ٘ي

 ٗىٍش ذأشٍش ٍرأخش.  HF19ىخلاٌا  DNAىٔ ذأشٍش ٍثنش عيى اه  LPSاىذساصح اقرشحد إُ 

حٍس ذٌ قٍاس اىرحطٌ اىنشٍٗ٘صًٍ٘ فً  HF19  ٗHUVECمشسخ اىرجشتح تاصرخذاً ّ٘عٍِ ٍِ اىخلاٌا 

ٗاىخلاٌا اىَشإذج ىخلاٌا  LPSٌا. أهٖشخ اىْرائج أُ اىخلاٌا اىَعاٍيح ٍثاششج تاه اىَجاٍٍع اىرجشٌثٍح ىريل اىخلا

HF19  ٗHUVEC  أعطد ذحطٌ مشٍ٘صًٍ٘ ٍعْ٘ي(p≤0.05 ) ًٍقاسّح ٍع ٍجاٍٍع اىضٍطشج. غٍش أُ عذ

ا الاصرقشاس اىنشٍٗ٘صًٍ٘ )اىرأشٍش اىَرأخش( ى٘حظ فقط فً أجٍاه اىخلاٌا اىَعاٍيح تشنو ٍثاشش ٍِ خلاٌ

HUVEC .فقط 

. مَا ٌعرقذ اُ اىضاٌر٘ماٌْز HF19  ٗHUVECفً خلاٌا  BEقادس عيى حس  LPSاقرشحد اىْرائج أُ 

ٌشرشك فً هإشج عذً  LPSىٔ دٗس فً ذيل اىعَيٍح. علاٗج عيى رىل ٌعرقذ أُ  LPSالاىرٖاتً اىَرضثة ت٘صاطح 

  الاصرقشاس اىجًٍْ ٗىنِ ٌنُ٘ ٍحذد تخص٘صٍح اىْضٍج.

Abstract 

    Much evidence showed that radiation-induced inflammation can cause cellular 

damage in direct irradiated and bystander cells, which are in vicinity of irradiated 

cells underlying radiation-induced bystander effects (BE). As well as radiation-

induced genomic instability (GI) is observed within the progeny of irradiated and 

bystander cells as a delayed damage responses. This study tried to mimic the effects 
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of radiation-induced GI and BE by exploring the inflammatory effect of 

lipopolysaccharide (LPS) on human primary fibroblast (HF 19) and umbilical vein 

endothelial (HUVEC) cells. 

    To prove the principles of LPS can cause DNA damage in HF 19; cells were treated 

with 1 µg/ml LPS, and BE was induced by media transfer. Comet assay was used to 

estimate DNA damage in the direct treated and bystander cells. The early DNA 

damage result was significantly observed in the direct treated and bystander HF 19 

cells. However, these cells did not show a significant delayed DNA damage within 

their progeny. Comet data showed that LPS frequently induced only initial DNA 

damage in HF 19 cells. The experiment was repeated utilising HF 19 and HUVEC 

cells, in order to investigate whether LPS could be involved in the induction of GI in a 

tissue-specificity manner. Both HF 19 and HUVEC cells were treated with 1 µg/ml 

LPS. BE was also induced by media transfer. Chromosomal analysis was used for 

early and late chromosomal damage estimation. Data showed that LPS treatment 

could significantly cause early chromosomal aberrations in the direct treated and 

bystander HF 19 and HUVEC cells. However, delayed chromosomal instability was 

observed only in the direct treated HUVEC cells.  

   Our finding suggested that LPS frequently induced BE in HF 19 and HUVEC cells, 

which could be mediated by pro-inflammatory cytokines that stimulated by LPS 

treatment. Moreover, LPS could be involved in the GI induction in a tissue-specificity 

manner.     

Keywords: Chromosomal instability, Bystander effects 

 

Introduction 

    In the last 2 decades many studies have demonstrated that communication between 

irradiated and un-irradiated cells can induce cellular damage responses in the un-

irradiated cells underlying radiation-induced bystander effects (1, 2). These un-

irradiated/bystander cells receive bystander molecular signals that produced by 

irradiated cells through molecules in the irradiated cell condition media (ICCM) or via 

intercellular communication through cell gap junctions. In addition, much evidence 

has reported that both irradiated and bystander cells show a delayed damage responses 

within their progeny, in terms of radiation-induced genomic instability (GI). GI is 

thought to be a critical step in the onset and progression of cancer.  (3-6). 

    Bystander cell populations demonstrate 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 interleukin (IL)-8 (7), transforming 

growth factor (TGF)-beta (8), and tumour necrosis factor (TNF)-alpha (9, 10), as well 

as calcium fluxes, nitric oxide (NO) (1),  reactive oxygen species (ROS) (11) and 

exosomes (12) have been suggested as mediators of bystander responses. A role for 

plasma membrane-bound lipid rafts has also been indicated (13). 

    Lipopolysaccharide (LPS) is one of the major components of the outer membrane 

of Gram- negative bacteria and it has toxic properties (14, 15). As well as it can 

stimulate inflammation in humans (16). Furthermore,  LPS has a group of proteins 

that are typically composed of a hydrophobic domain, the lipid A, which is an 
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endotoxin (17), and can cause damage to the cells components including DNA (18). 

LPS also stimulates macrophages and monocytes to produce pro-inflammatory 

cytokines (19).  

    The aim of this study therefore, was to mimic the effects of radiation-induced GI 

and BE by exploring the inflammatory effect of LPS on primary human fibroblast (HF 

19) and umbilical vein endothelial (HUVEC) cell line, and test the hypothesis that 

inflammation responses of cells/tissues by LPS treatment could contribute to the 

induction of GI and BE. 

 

Materials and methods 

Cell culture 

    Primary human fibroblast (HF 19) and umbilical vein endothelial (HUVEC) cells 

were utilised in this study. The HF 19 cells were maintained as described by Kadhim, 

et al. 1998 (20). In brief, Cells were cultured in MEM media (Gibco, 21090) 

supplemented with 15 % FBS 2 mM L-Glutamine (Gibco, 25030) and 1% (v/v) 

penicillin/ streptomycin solution (Sigma, P0781). Whilst the HUVEC cells, which 

were purchased from the European Collection of Cell Cultures, were maintained 

endothelial basal media-2 (EBM-2, Lonza: CC-3156) that was supplemented with 

EGM-2 kit (Lonza: CC-4179) and foetal bovine serum (Sigma: F7524). Both of these 

cells were incubated in a humidified 5% CO2 incubator at 37 ºC. 

LPS treatment and experimental design  

    The cells were treated with 1 µg/ml of LPS (Sigma, L2630) for 24 hours at 70% 

cell confluence for direct LPS treated cells. For bystander cells, cells were treated 

with of LPS for 1hour. Then the medium was removed and the cells were washed 

once with sterile PBS to remove the residual of LPS. Fresh medium was then added to 

the treated cells for 4 hours. The treated cell condition media (TCCM) was collected, 

filtered through 0.2µm filter and added to fresh cells to induce bystander effects. 

Initial DNA damage and chromosomal aberrations were measured in the cells after 1 

population doubling following LPS treatment. Additionally, cells were propagated for 

30 population doublings for chromosomal instability estimating. 

Comet assay 

    The HF 19 cells were first subjected to Single-cell gel electrophoresis or comet 

assay, to investigate whether LPS can induce chromosome damage in the direct 

treated, bystander cells and the progeny of the direct treated and bystander cells. 

Comet assay is a sensitive method to quantify total DNA damage (double-strand 

breaks, single-strand breaks and base damage) in individual cells (21, 22). The comet 

assay was performed as described by (23, 24). Briefly, microscope slides were coated 

with 1% normal melting point agarose (NMPA) and allowed to dry overnight.  The 

coated slides were then placed on a metal tray on ice. 2 x 10
4
 cells were re-suspended 

with 200 µl 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 minutes. 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 
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mM Tris-HCl pH 7.6,  and 1% Triton X-100, pH >10). The jar was kept at 4ºC over 

night. The slides were then moved to a horizontal electrophoresis tank filled with 

electrophoresis buffer (0.3 M NaOH and 1 mM EDTA, pH 13) at 4ºC for 40 minutes. 

The electrophoresis was run for 30 minutes, at 19V, 300A. Slides were neutralised 

with neutralising 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 analysed using Komet 5.5 Image 

Analysis Software (Kinetic Imaging Technology/Andor, Germany).  

Chromosomal analysis 

    To confirm the targeted and non-targeted effect of LPS on cells; as well as to 

investigate the tissue specificity of LPS, both HF 19 and HUVEC cells were analysed 

for a cytogenetic analysis using Giemsa solid staining technique. Cells were harvested 

for metaphase preparation at 60-70% confluence using our established method (25). 

Briefly, cells were treated with 20ng/ml demecolcine (Sigma, D0125) for 1.5 hours in 

a humidified 5% CO2 incubator at 37ºC. Cells were centrifuged at 259g for 10 

minutes. The supernatant was discarded, whilst the cell pellet was re-suspended with a 

hypotonic solution (75 mM potassium chloride solution (KCl, Sigma, P5405)) for 20 

minutes at 37ºC. The hypotonic cell suspensions were centrifuged at 180g for 10 

minutes. 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 Giemsa solid staining technique. Slides were coded and at least 100 metaphases 

were analysed per group. 

Statistical analysis 

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

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

data. The Mann-Witney test deals with the median of non-parametric data and it is an 

acceptable test for comet data (26, 27). 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 Fisher’s exact test. For each group, 100 metaphases were 

analysed.  

Results and discussion 

   HF 19 cells were treated with 1 g/ml LPS and subjected to comet assay measuring 

the total DNA damage, in order to prove that LPS has a biological effect on cells. The 

findings demonstrated a significant induction of DNA damage (p≤0.0001) in the 

directly treated HF 19 cells with LPS compared to the non-treated HF 19 (control 

cells) (Fig 1A). Data postulated that LPS could cause DNA damage induction through 

inflammation (28-30). In addition, LPS has a group of proteins that are typically 

composed of a hydrophobic domain, the lipid A, which is an endotoxin (17), which 

can induce damage to the DNA (18). The result demonstrated that LPS was able to 

cause BE in the HF 19 cells. Media transfer technique was used to achieve 

communication between treated and non-treated cells. The TCCM significantly 

(p≤0.0001) induced DNA damage in the bystander HF 19 cells (Fig 1A). The findings 
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have been supported by much evidence documented that tumour necrosis factor-α 

(TNF-α) and cytokines can play crucial roles in BE induction (31-33).  

  
 

Figure )1(: Total DNA damage in HF 19 after 1 and 30 population doublings 

following LPS treatment. 

Panel A represented the initial DNA damage in the direct treated and bystander HF 19 cells. Cells were 

treated with 1µg/ml LPS for 24 hr, and considered as direct treated cells. BE was induced by incubating 

HF 19 cells with 1µg/ml for 1 hr. Then the media was removed and the cells were washed with PBS. 

Fresh media was added to the cells for 4 hr. The media then was collected and filtered through 0.2 µm 

filter and added to fresh/non-treated cells, which considered as bystander cells. Bystander cells were 

incubated for 24hr. Both direct and bystander HF 19 cells were subjected to comet assay to measure the 
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early response of DNA damage. The result showed that both direct treated and bystander HF cells 

demonstrated a significant initial DNA damage (p≤0.0001) after 1 generation following LPS treatment, 

compared to the corresponding controls. Panel B showed the delayed DNA damage in the progeny of 

the direct treated and bystander HF 19 cells. Both direct treated and bystander HF 19 cells were 

propagated up to 30 population doublings following irradiation, and then comet assay was carried out 

to estimate the delayed total DNA damage. The progeny of the direct and bystander cells did not 

demonstrate a significant DNA damage after 30 generations following LPS treatment. Data suggested 

that LPS could cause only initial DNA damage in direct treated HF 19 cells. Furthermore, the media 

from direct treated HF 19 cells was able to induce BE in fresh HF 19 cells. 

 
Figure (2): Chromosomal aberrations in the HF 19 and HUVEC cells after 1 

population doubling following LPS treatment.  

Both HF 19 and HUVEC cells were separately treated with 1µg/ml LPS for 24 hr, and considered as 

direct treated HF 19 and HUVEC cells. BE was separately induced in HF 19 and HUVEC cells by 
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incubating HF 19 and HUVEC cells with 1µg/ml for 1 hr. Then the media was removed and the cells 

were washed with PBS. Fresh media was separately added to HF 19 and HUVEC cells for 4 hr. The 

media then was separately collected and filtered through 0.2 µm filter and added to fresh/non-treated 

HF 19 and HUVEC cells, which considered as bystander cells. Bystander cells were incubated for 24hr. 

Chromosomal analysis was performed to measure the initial response in these groups of cells. Panel A 

showed the early chromosomal aberrations in the direct treated and bystander HF 19 cells, which 

displayed a significant chromosomal damage (p≤0.05) after 1 generation following treatment. Data 

suggested that LPS could cause chromosomal damage in the direct LPS treated HF 19. As well as the 

TCCM from HF 19 cells frequently induce BE in fresh HF 19 cells. Panel B showed the ability of LPS 

to induce chromosomal damage in the HUVEC cells. Similarly to the HF 19 chromosomal data, 

HUVEC cells demonstrated a significant chromosomal damage (p≤0.05) in both direct treated and 

bystander groups after 1-generation post LPS treatment. Data also suggested that LPS could mediate 

chromosomal damage in the direct treated HUVEC cells, and the media from treated cells could cause 

BE in fresh HUVEC cells. 

 

Both treated and bystander HF-19 cell populations were cultured until 30
th

 generation 

to estimate the delayed damaged responses, which is GI, within the progeny of 

experimental cells; and whether LPS can be involved in the late DNA damage. The 

progeny of both direct treated and bystander HF 19 cells did not show a significant 

delayed DNA damage compared to the control (Fig 1B). Data suggested that the 

damaged cells repaired the damage or could not repair the damage and died; or LPS 

has a tissue specificity, which can induce GI in a different kind of tissue. 

   Therefore, the experiment was repeated using HF 19 and HUVEC cells. 

Chromosome analysis had been utilised to measure the effect of LPS in the direct 

treated, bystander and the progeny of direct treated and bystander cells. The treated 

and bystander HF 19 and HUVEC cells demonstrated a significant (p≤0.05) early 

chromosomal aberrations following LPS treatment as shown in figure 2 (A and B), in 

which Chromosomal data confirmed comet data in the first experiment (Fig 1). Our 

finding suggested that initial chromosomal damage could be mediated by 

inflammation, which was induced by LPS (34).  

   To investigate the delayed damage effect of LPS and GI in the progeny of treated 

and bystander HF 19 and HUVEC cells, cells were propagated up to 30 population 

doublings; then chromosomal analysis were utilised to estimate the level of 

chromosomal instability in these cells. The HF 19 cells did not show a significant 

chromosomal instability in the treated and bystander cells after 30 generations 

following LPS treatment compared to their controls (Fig 3A). However, the progeny 

of direct treated HUVEC cells demonstrated a high induction of chromosomal 

instability (p≤0.0001) as shown in figure 3B. Our chromosomal data confirmed our 

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

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

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

can stimulate pro-inflammatory cytokines secretion (35). These long lived signals 

(cytokines) can induce stress and injury, which can instigate GI and BE (36). 

    Surprisingly, the bystander HUVEC cells did not show a significant chromosomal 

instability in their progeny after 30 population doublings following TCCM transfer 

(Fig 3B). Data suggested that the high level of chromosomal damage in the bystander 
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HUVEC cells could lead to cell death leading to remove the cells with multi-

chromosomal damage and abrogate GI.  

 

 
 

Figure )3(: Chromosomal aberrations in HF 19 and HUVEC cells after 30 

population doublings following LPS treatment.  

The direct treated and bystander HF 19 and HUVEC cells were propagated up to 30 population 

doublings. The chromosomal analysis was carried out to estimate the level of chromosomal instability 

in these cells. Panel A displayed the progeny of the direct treated and bystander HF 19 cells, which did 

not showed a significant chromosomal instability after 30 generations post LPS treatment. Panel B 

illustrated the chromosomal damage response in the progeny of direct treated and bystander HUVEC 
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cells after 30 generations following LPS treatment. Only the progeny of the direct treated HUVEC cells 

showed chromosomal instability, which was statistically significant compared to the controls. The 

progeny of bystander HUVEC cells did not demonstrate a significant late chromosomal damage. The 

result suggested that LPS could be involved in the induction of GI, but in s tissue-specificity manner. 

 

Conclusion 

    LPS can be considered as a inflammatory mediator, which can induce early 

chromosomal damaged responses in the direct treated HF 19 and HUVEC cells. As 

well as, the TCCM from treated HF 19 and HUVEC cells has a crucial role in BE 

induction in the non-treated/fresh HF 19 and HUVEC cells respectively. Furthermore, 

LPS can be involved in the induction of GI, but in tissue specificity manner, in which, 

LPS can induce GI in the HUVEC cells not in the HF 19 cells. As well as only the 

direct LPS-treated HUVEC cells showed GI within their progeny. 
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