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Evidence for Induction of DNA Double Strand Breaks in the Bystander
Response to Targeted Soft X-Rays in Repair Deficient CHO Cells
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Evidence is accumulating that irradiated cells produce some signals which interact with non-exposed cells in the same population. Here, we
analysed the mechanism of such a bystander effect from targeted cells to non-targeted cells. Firstly, in order to investigate the bystander effect
in CHO cell lines we irradiated a single cell within a population and scored the formation of micronuclei. When a single nucleus in the popula-
tion, of double strand break repair deficient xrs5 cells, was targeted with 1Gy of Al-K soft X-rays, elevated numbers of micronuclei were induced
in the neighbouring unirradiated cells. The induction of micronuclei was also observed when conditioned medium was transferred from irradi-
ated to non-irradiated xrs5 cells. These results suggest that DNA double strand breaks are caused by factors secreted in the medium from ir-
radiated cells. To clarify the involvements of radical species in the bystander response, cells were treated with 0.5%DMSO 1 hour before irra-
diation and then bystander effects were estimated in xrs5 cells. The results showed clearly that DMSO treatment during X-irradiation suppress
the induction of micronuclei in bystander xrs5 cells, when conditioned medium was transferred from irradiated xrs5 cells. Therefore, it is sug-

gested that radical species induced by ionizing radiation are important for producing bystander signals.
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Introduction

It is thought that damage signals may be transmitted from irradiated
to unirradiated cells in a population, leading to a variety of genetic ef-
fects via a bystander effect. It has been reported that the bystander ef-
fect can be mediated via gap junction intercellular communication'”
and also factors secreted from irradiated cells via the culture medium
in vitro.”® As it has been reported that bystander cells show a variety
of cellular effects which result in cell death and chromosome aber-
rations, DNA damage should be observed in a radiation induced
bystander response."

DNA damage is repaired by several efficient processes within cells.
For the repair of DNA double strand breaks, molecular studies have
elucidated two main pathways after direct irradiation of cells.” Non-

homologous end joining (NHEJ) is the main repair pathways for DNA
double strand breaks.® In this repair process the Ku70/80 protein
complex stabilizes the ends of the fragmented DNA strands and the
DNA-PK catalytic subunit (DNA-PKcs), which may activate ligase
IV with XRCC4, is activated by association with Ku complex. Finally,
activated ligase IV leads to rejoining reactions in the two ends of
the DNA. It is well known that a defect of any protein in this proc-
ess leads to higher cell killing effect after irradiation because of less
repair ability of DNA double strand breaks.”* On the other hand,
DNA base damage is also induced by irradiation and many of these
are associated with clustered damage formed at the sites of individ-
ual tracks crossing the DNA." Base damage is repaired by base ex-
cision repair processes, where XRCC1 is important for the activa-
tion of ligase III which links the digested strands in this repair
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process.'™"” A defect in XRCC1 leads to hypersensitivity to alkyating
agents." These repair mechanisms recognize a specific damage im-
mediately after irradiation and remove it. Therefore, it is difficult to
detect the exact level of each specific type of DNA damage induced
by radiation, especially at low doses. DNA repair deficient Chinese
hamster ovary (CHO) cell lines, which are deficient in Ku80 and
XRCCI1, have been used to detect DNA damage efficiently, and
greatly facilitates the detection of small numbers of DNA damages
as described in a previous report."”

We can divide the mechanism of bystander response into three
steps. Firstly the bystander factor is secreted from irradiated cells. It
is thought that some of signal activation causing by ionizing radia-
tion should be the trigger of bystander response. The second step is
the diffusion of the bystander factors from irradiated cells through the
culture medium. There are some evidences that some cytokines are
candidate for bystander factor(s). Finally the signal transduction
pathways (from surface to inside of cell) must be activated in by-
stander cells. However, these mechanisms are not fully understood.
In the present study, we tried to understand the biological effect of
bystander effects in non-targeted cells and to clarify the involvement
of radical species on producing bystander signal in targeted cells.

Materials and Methods
Cell culture

Two CHO repair deficient clones, xrs5 (DNA double strand break
repair deficient) and EM9 (DNA base excision repair deficient) were
used in addition to the wild type parental CHO line. Chinese hamster
ovary (CHO) cells and xrs5 cells were kindly supplied by Dr Tom
K. Hei, Columbia University, New York, and EM9 cells were pur-
chased from ATCC (American Type Culture Collection, VA, USA).
Cells were cultured in MEM alpha medium (Invitrogen Ltd, Paisley,
UK) supplemented with 10% FBS (Helena Biosciences Europe),
100 units/mL penicillin and 100 pg/mL streptomycin (Invitrogen Ltd,
Paisley, UK). Cells were maintained at 37°C in a humidified atmos-
phere with 5% CO..

Micronucleus assay

To investigate the induction of micronuclei by direct X-irradiation,
the cells were irradiated with 0.2, 0.5, and 1 Gy of conventional X-
rays. Exponentially growing cells in T25 flasks were irradiated with
X-rays using an X-ray generator (Pantak IV) operating at 240 kVp
and 13 mA with a filter system composed of 0.25 mm Cu plus 1 mm
Al filter and 4.3 mm Al flattening filter, at a dose rate of 0.5 Gy/min.
Either immediately after irradiation or following 24 h incubation,
cells were treated with 2 pg/mL cytochalasin B for 24 h in a T25
flask. They were then harvested and treated with 3 mL of hypotonic
(0.1 M) KCl1 for 20 min, and fixed with 3 mL of methanol-acetic
acid (5:1). The cell suspensions were centrifuged at 1,200 rpm for 5
min, the supernatant removed and cells resuspended in 4 mL metha-
nol-acetic acid solution and incubated on ice for 5 min. After further
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centrifugation, the supernatant was removed and 0.5-1 mL methanol-
acetic acid solution was added. Cells were resuspended and a sample
was dropped onto slides and stained with 7.5% Giemsa for 40 min.
Micronuclei per 2000 binucleated cells were counted.

To investigate the bystander effect, localised irradiation was car-
ried out using the Gray Cancer Institute focused ultrasoft X-ray mi-
croprobe. The procedure has been described in detail elsewhere.'*
Briefly, the day before the experiment cells (5%10%) were seeded on
0.9-um-thick Mylar film (Goodfellow Ltd., UK). Cells were stained
with 100 nM Hoechst 33342 for 1 h prior to irradiation. After re-
moval of stain, an area around the centre of the dish was scanned in
order to identify a precise single nucleus. A single cell was irradi-
ated with 1 Gy of aluminum or carbon K-shell characteristic X-rays
(AL = 1.49 keV or C, = 0.28 keV) produced by a focused ultrasoft
X-ray microprobe. The X-ray microbeam targeted a single cell at a
dose rate of 0.1 Gy/sec. The medium was changed and cells were
incubated with cytochalasin B for 24 hrs either immediately after ir-
radiation or 24 h later. Slides were prepared as described above.

Survival assay

The surviving fraction was determined by a clonogenic survival
assay. Individual cells, stained with 100 nM Hoechst 33342, were
scanned using the Gray Cancer Institute X-ray microprobe system,
as described previously."”” After 100-200 cells were scanned, a sin-
gle cell was irradiated with 1 Gy of Al or C, produced by a focused
ultrasoft X-ray microprobe. Cells were incubated for 4 days, stained
with 100 nM Hoechst 33342, and the dishes scanned to revisit the
original locations and test for the presence of colonies. Control cells
were scanned, without irradiation under the same conditions, and
surviving fractions were calculated.

Medium transfer experiment

Cells (5x10%) were seeded onto 6 well plates one day prior to ir-
radiation. Immediately before irradiation medium was changed and
cells were irradiated with 1 Gy of conventional X-rays. Cells were
incubated for 24 hrs following irradiation. The culture medium was
filtered through a 0.22 pm filter and transferred to unirradiated cul-
tured cells on 6 well plates. Cytochalasin B was added at the same
time as the medium transfer, and cells were incubated for 24 hrs.
Micronucleus samples were prepared as described above.

Statistical analysis

The statistical analysis in the present study was performed using
Student's #-test.
Results and Discussion

The sensitivity to direct irradiation by low dose X-rays in repair
deficient CHO cell lines were examined using the micronucleus assay.
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EMY cells were slightly more sensitive than CHO, whereas xrs5
cells were significantly more sensitive (p<0.001). Following 1 Gy-
irradiation the yield of micronuclei per 2000 binucleated cells in
CHO, EM9 and xrs5 were 224, 465 and 1287, respectively.

The yields of micronuclei in CHO cultures with or without a sin-
gle irradiated cell were between 75 and 84 micronuclei per 2000
binucleated cells. This shows no bystander effect under these con-
ditions. In EM9 cells 19 micronuclei per 2000 binucleated cells were
induced by a single cell soft-X-ray irradiation in both 24 and 48 hr
incubated samples, suggesting micronuclei were induced through a
bystander response in unirradiated neighbour cells. With xrs5, 40
and 74 micronuclei per 2000 binucleated cells were induced by X-
ray microbeam irradiation in the 24 and 48 hr incubated samples,
respectively. Therefore, the bystander effect observed in xrs5 was
higher than that in other cell lines. Also, the induced level of mi-
cronuclei in xrs5 was increased further during the 24 hr incubation
following microbeam irradiation.

The surviving fraction in the cell population of CHO and EM9
was not affected when a single cell in the population was irradiated
with the X-ray microbeam (surviving fractions in CHO and EM9
were 0.99 and 0.95, respectively). However, a significant cell kill-
ing effect was observed in xrs5 cells (surviving fraction was 0.78).
These results suggest that a defect in DNA double strand break re-
pair leads to increased cell killing in unirradiated cells through a
bystander response.

In the media transfer experiments, cells were irradiated with 1 Gy
of conventional X-rays and incubated for 24 hrs. The medium was
then transferred to an unirradiated cell population. The result showed
that medium which had been conditioned by incubation with irradi-
ated cells induced significant numbers of micronuclei in unirradiated
xrs5 cells. Moreover, when irradiated cells were treated with 0.5%
DMSO 1hr before irradiation, micronuclei induction was not ob-
served in conditioned medium treated xrs5 cells. This suppressing ef-
fect of bystander response by DMSO was observed only when irradi-
ated cells were treated with DMSO, suggesting that radical species
scavenged by DMSO are the candidate for the trigger of bystander re-
sponse. Reactive oxygen species (ROS) or NO (Nitric oxide) induced
by ionizing radiation should be activator for the signal transduction
pathway leading to the secretion of bystander factor(s) in targeted
cells.
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