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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 (Gl) 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 Gl 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 pg/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 Gl in a
tissue-specificity manner. Both HF 19 and HUVEC cells were treated with 1 pg/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 Gl induction in a tissue-specificity
manner.
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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). Gl 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 Gl
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 Gl 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 °C.

LPS treatment and experimental design

The cells were treated with 1 pg/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 lhour. 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 0.2um 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* cells were re-suspended
with 200 ul 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-HCI pH 7.6, and 1% Triton X-100, pH >10). The jar was kept at 4°C 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 4°C for 40 minutes.
The electrophoresis was run for 30 minutes, at 19V, 300A. Slides were neutralised
with neutralising buffer (0.4 M Tris-HCI, 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% CO, incubator at 37°C. 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 (KCI, Sigma, P5405)) for 20
minutes at 37°C. 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 ug/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-a
(TNF-a) and cytokines can play crucial roles in BE induction (31-33).
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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 1pug/ml LPS for 24 hr, and considered as direct treated cells. BE was induced by incubating
HF 19 cells with 1ug/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 pm
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.
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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 1ug/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 1ug/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 um 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™ 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 Gl 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 GlI, but in a
tissue specificity manner. Kim and co-worker have documented that media from LPS-
treated prostate epithelial cells has IL-1pB, IL-6 and TNF-a. They suggested that LPS
can stimulate pro-inflammatory cytokines secretion (35). These long lived signals
(cytokines) can induce stress and injury, which can instigate Gl 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.
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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 G, 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 GlI, but in tissue specificity manner, in which,
LPS can induce Gl 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.

References

1.Shao C, Prise KM, Folkard M. (2008).Signaling factors for irradiated glioma
cells induced bystander responses in fibroblasts. Mutation research. 2008 Feb
1;638(1-2):139-45.

2. Nagasawa H, Little JB. (1992). Induction of sister chromatid exchanges by
extremely low doses of alpha-particles. Cancer research. 1992 Nov 15;52(22):6394-
6.

3. Azzam El, Little JB. (2004). The radiation-induced bystander effect: evidence and
significance. Human & experimental toxicology. Feb;23(2):61-5.

4.Boyd M, Ross SC, Dorrens J, Fullerton NE, Tan KW, Zalutsky MR, et
al.(2006). Radiation-induced biologic bystander effect elicited in vitro by targeted
radiopharmaceuticals labeled with alpha-, beta-, and auger electron-emitting
radionuclides. J Nucl Med. 47(6):1007-1015.

5. Kadhim MA, Moore SR, Goodwin EH.(2004). Interrelationships amongst
radiation-induced genomic instability, bystander effects, and the adaptive response.
Mutation research. 568(1):21-32.

6. Morgan WF, Sowa MB.(2007). Non-targeted bystander effects induced by ionizing
radiation. Mutation research. 1;616(1-2):159-64.

7. Facoetti A, Ballarini F, Cherubini R, Gerardi S, Nano R, Ottolenghi A, et
al.(2006). Gamma ray-induced bystander effect in tumour glioblastoma cells: a
specific study on cell survival, cytokine release and cytokine receptors. Radiation
protection dosimetry.122(1-4):271-274.

8. Burr KL, Robinson JI, Rastogi S, Boylan MT, Coates PJ, Lorimore SA, et al.
(2011).Radiation-induced delayed bystander-type effects mediated by hemopoietic
cells. Radiation research. 2011 Jun;173(6):760-768.

9. Moore SR, Marsden S, Macdonald D, Mitchell S, Folkard M, Michael B, et
al.(2005). Genomic instability in human lymphocytes irradiated with individual
charged particles: involvement of tumor necrosis factor alpha in irradiated cells but
not bystander cells. Radiation research. 163(2):183-90.

30



Wasit Journal for Science & Medicine 2014 7(2): (22-32)

10.

11.

12.

13.

14.
15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Kadhim MA, Hill MA, Moore SR.(2006). Genomic instability and the role of
radiation quality. Radiation protection dosimetry. 122(1-4):221-227.

Matsumoto H, Hamada N, Takahashi A, Kobayashi Y, Ohnishi T.
(2007).Vanguards of paradigm shift in radiation biology: radiation-induced
adaptive and bystander responses. Journal of radiation research.48 (2):97-106.
Al-Mayah AH, Irons SL, Pink RC, Carter DR, Kadhim MA. (2012). Possible
role of exosomes containing RNA in mediating nontargeted effect of ionizing
radiation. Radiation research. 177(5):539-45.

Hamada N, Matsumoto H, Hara T, Kobayashi Y. (2007).Intercellular and
intracellular signaling pathways mediating ionizing radiation-induced bystander
effects. Journal of radiation research.48(2):87-95.

Cano RJ, Colome JS. (1986).Microbiology. USA: West Publishing company.
Tortora GJ, Funke BR, Cas CL. (2007).Microbiology. . 9th Edition ed. San
Francisco, Boston, New York, Cape Town, Hong Kong, London, Madrid, Mexico
City, Montreal, Munich, Paris, Singapore, Sydney, Tokyo, and Toronto. . Pearson
Education, Inc. 2007.

Bauman R. (2007).Microbiology with diseases by taxonomy. 2nd edition ed. San
Francisco, Boston, New York, Cape Town, Hong Kong, London, Madrid, Mexico
City, Montreal, Munich, Paris, Singapore, Sydney, Tokyo, and Toronto.: Pearson
Education, Inc.; 2007.

Konig H, Claus H, Varma A, editors. (2010).Prokaryotic cell wal compounds.
Springer-Verlag, Berlin, Heidelberg, New York2010.

Jaiswal YK, Jaiswal MK, Agrawal V, Chaturvedi MM.(2009). Bacterial
endotoxin (LPS)-induced DNA damage in preimplanting embryonic and uterine
cells inhibits implantation. Fertility and sterility.91(5 Suppl):2095-2103.

Prescott LM, P. HJ, D.A. K. (2002).Microbiology. 5th edition. ed. New York.
2002

Kadhim MA, Marsden SJ, Wright EG.(1998). Radiation-induced chromosomal
instability in human fibroblasts: temporal effects and the influence of radiation
quality. International journal of radiation biology. 1998 Feb;73(2):143-148.
Chandna S. (2004).Single-Cell Gel Electrophoresis Assay Monitors Precise
Kinetics of DNA Fragmentation Induced During Programmed Cell Death.
Cytometry Part A. 2004; 61A:127-133

Collins AR. (2004).The comet assay for DNA damage and repair: principles,
applications, and limitations. Molecular biotechnology. 26(3):249-261.

Natarajan M, Gibbons CF, Mohan S, Moore S, Kadhim MA. (2007).Oxidative
stress signalling: a potential mediator of tumour necrosis factor alpha-induced
genomic instability in primary vascular endothelial cells. The British journal of
radiology.80 Spec No 1:513-22.

Olive PL. (2009).Impact of the comet assay in radiobiology. Mutation research.
681(1):13-23.

Kadhim MA, Wright EG. (1998).Radiation-induced transmissable chromosomal
instability in haemopoietic stem cells. Adv Space Res. 22(4):587-96.

31



Wasit Journal for Science & Medicine 2014 7(2): (22-32)

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Wynne P, Newton C, Ledermann JA, Olaitan A, Mould TA, Hartley JA.
(2007).Enhanced repair of DNA interstrand crosslinking in ovarian cancer cells
from patients following treatment with platinum-based chemotherapy. British
journal of cancer. 97(7):927-33.

da Silva J, Moraes CR, Heuser VD, Andrade VM, Silva FR, Kvitko K, et al.
(2008).Evaluation of genetic damage in a Brazilian population occupationally
exposed to pesticides and its correlation with polymorphisms in metabolizing
genes. Mutagenesis. 23(5):415-422.

Debelec-Butuner B, Alapinar C, Varisli L, Erbaykent-Tepedelen B, Hamid
SM, Gonen-Korkmaz C, et al. (2012).Inflammation-mediated abrogation of
androgen signaling: An in vitro model of prostate cell inflammation. Molecular
carcinogenesis. 2012 Aug 21.

Budworth H, Snijders AM, Marchetti F, Mannion B, Bhatnagar S, Kwoh E, et
al. (2012).DNA repair and cell cycle biomarkers of radiation exposure and
inflammation stress in human blood. PLoS ONE.7(11):e48619.

Martin OA, Redon CE, Dickey JS, Nakamura AJ, Bonner WM.(2011). Para-
inflammation mediates systemic DNA damage in response to tumor growth.
Communicative & integrative biology. 4(1):78-81.

Lee YJ, Choi DY, Yun YP, Han SB, Oh KW, Hong JT.
(2013).Epigallocatechin-3-gallate  prevents  systemic  inflammation-induced
memory deficiency and amyloidogenesis via its anti-neuroinflammatory properties.
The Journal of nutritional biochemistry.24(1):298-310.

Rastogi S, Coates PJ, Lorimore SA, Wright EG. (2012).Bystander-type effects
mediated by long-lived inflammatory signaling in irradiated bone marrow.
Radiation research.177 (3):244-50.

Lorimore SA, Mukherjee D, Robinson JI, Chrystal JA, Wright EG.(2011).
Long-lived inflammatory signaling in irradiated bone marrow is genome
dependent. Cancer research. 71(20):6485-91.

Al-Saffar H, Lewis K, Liu E, Schober A, Corrigan JJ, Shibata K, et al.
(2012).Lipopolysaccharide-induced hypothermia and hypotension are associated
with inflammatory signaling that is triggered outside the brain. Brain Behav
Immun.

Kim HJ, Park JW, Cho YS, Cho CH, Kim JS, Shin HW, et al. (2013).
Pathogenic role of HIF-1alpha in prostate hyperplasia in the presence of chronic
inflammation. Biochimica et biophysica acta.1832(1):183-194.

Lorimore SA, Coates PJ, Wright EG. (2003). Radiation-induced genomic
instability and bystander effects: inter-related nontargeted effects of exposure to
ionizing radiation. Oncogene. 22(45):7058-609.

32



