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Bystander effects induced by low dose of ionizing radiation
have been shown to widely exist in many cell types and may
have a significant impact on radiation risk assessment.
Though many studies have been reported on this pheno-
menological observation, the mechanisms underlying this
process are not clear, especially on the questions of how
soon after irradiation the bystander effects can be initiated
and how far this bystander signal can be propagated once it
is started. DNA double-strand breaks (DSBs) induced by
ionizing radiation or carcinogenic chemicals can be visual-
ized in situ using g-H2AX immunofluorescent staining.
Our previous studies have shown that in situ visualization
of DSBs could be used to assess irradiation-induced
extranuclear/extracellular (bystander) effect at an early
stage after irradiation. In the present studies, we used this
method to investigate the time and spatial effects of damage
signals on unirradiated bystander cells. The results showed
that increased DSBs in irradiated and unirradiated
bystander areas could be visualized 2 min after radiation
and reached its maximum 30 min after radiation. The
average levels of DSB formation at 30 min post-1cGy
irradiation in the irradiated and unirradiated bystander
areas were 3-fold and 2-fold higher than those of the
sham-irradiated control cells, respectively. Afterwards,
the formation of DSBs declined with incubation time and
remained steady for at least 6 h at a level that was statist-
ically higher than their controls. The results also showed
that the bystander signal derived from irradiated cells
could be transferred to anywhere in the dish and the per-
centage of DSBs in the unirradiated bystander cells was not
dependent on the dose delivered. Moreover, the fraction of
DSB positive cells in unirradiated bystander areas showed
a time-dependent increase based on its distance to the
irradiated area at very early stage post-irradiation. Both
lindane and DMSO significantly suppressed the yield of
DSBs in the cells of unirradiated bystander areas, which
suggest that gap junctional intercellular communication
and reactive oxygen species played important roles in the

induction of the bystander effects, both in irradiated and
unirradiated bystander areas.

Introduction

The phenomenon known as radiation-induced bystander
effects (RIBE) was described almost six decades ago since
the earlier work of Kotval and Gray, which showed that
a-particles that passed close, but not through the chromatid
thread, had a significant probability of producing chromatid
breaks or chromatid exchanges in cells (1). The modern day
definition of RIBE, however, was derived mainly from the
work based on micro-dosimetric principles conducted more
than a decade ago by Nagasawa and Little (2), which indicated
that an enhanced frequency of sister chromatid exchanges
(SCE) was observed in 20–40% of Chinese hamster ovary
cells when the culture was exposed to a low dose of a-particles
such that only 0.1–1% of the cells’ nuclei were expected to be
traversed by a particle track. Since then, considerable evidence
has accumulated for the existence of these RIBE, in which
cells that have not directly been hit by irradiation demonstrate
many of the same effects as irradiated cells, using endpoints
such as cell killing, micronucleus (MN) induction, mutation,
oncogenic transformation and changes in cellular growth
pattern (1,3,4). RIBE has been observed in a number of differ-
ent cell types irrespective of the type of radiation exposure.
Both high LET a-particles (5–9) and low LET g-irradiation
(10–12) have been shown to induce RIBE.
While bystander effects have been well demonstrated

using a variety of biological endpoints in both human and
rodent cell lines, as well as in three-dimensional tissue samples
(13), the kinetics and mechanisms of the phenomenon are not
clear, especially the time and spatial effects on how the
bystander signal is transferred. Belyakov et al. reported that
there was a 2- to 3-fold increase in the MN level in an unex-
posed quadrant of the dish, 3 days after 200 cells within one
quadrant (5 � 5 mm2) of the dish were exposed to a-particles
(14). Here, 3 days was chosen as the scoring time that repres-
ented the peak formation of micronucleated cells in the popu-
lation in their studies. Using the ultrasoft X-ray microprobe,
available at the Gray Cancer Institute, when only a single V79
cell within the population was targeted, Schettino et al.
observed that the cell killing occurred among the unirradiated
area within a distance of �3 mm radius from the one targeted
cell 3 days after the dishes were revisited (15). Recently, using
the bound proliferating cell nuclear antigen (PCNA) in the
nuclei of cells as an in situ bystander endpoint, Hill et al.
observed an increase in the expression of PCNA among unir-
radiated cells in the shielded area of the dish 4 h after irradi-
ation with a 0.4 cGy dose of a-particles (16). There is evidence
that bystander cells accumulate phosphorylated (activated)
forms of ERK1/2, JNK, p38 and the upstream Raf-1 kinase
within 1 min after the cultures are exposed to a mean dose of

Abbreviations: DSBs, double-strand breaks; GJIC, gap junctional intercel-
lular communication; MN, micronucleus; RIBE, radiation-induced bystander
effects; ROS, reactive oxygen species; SCE, sister chromatid exchange;
PCNA, proliferating cell nuclear antigen.
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5 cGy a-particles (7). Consistent with the occurrence of DNA
damage in the irradiated cultures, detectable accumulation of
p53 was noted by 15 min after irradiation and an increase in
phosphorylation of Ser15 on p53 was also observed by 1 min
post-irradiation. Though these studies suggested some kind of
time and distance effects of bystander response, the results
were estimated based on dosimetric calculation. It is not
known, for example, how soon after irradiation the bystander
effects can be initiated in the unirradiated bystander area. It is
certainly not known how far this signal can be propagated once
it is started since the endpoints used in previous studies mostly
reflect the phenomenon appearing several hours or several
days post-irradiation.
DNA double-strand breaks (DSBs) are considered to be the

most relevant lesion for the deleterious effects of ionizing
radiation (17,18). One of the earliest steps in the cellular
response to DSBs is the phosphorylation of serine 139 of
H2AX, a subclass of eukaryotic histone proteins that are part
of the nucleoprotein structure called chromatin (19). Using a
fluorescent antibody specific for the phosphorylated form of
H2AX (g-H2AX), discrete nuclear foci can be visualized at
sites of DSBs in situ, either induced by exogenous agents, such
as ionizing radiation (20,21), or agents generated endogen-
ously during programmed DNA rearrangements (22–24).
Several studies have shown consistently that a g-H2AX focus
represents a DSB and that g-H2AX foci formation can be used
to measure the repair of individual DSBs in human cells
(22,24). The induced DSBs are visible as early as 1 min after
irradiation (20). The formation of DSBs becomes distinct and
reaches the maximum 10–30 min after irradiation, and then
decreases to�30% of this level 1 h later (20). Thus, this in situ
assay, based on immunochemistry of g-H2AX, can reflect the
early events of damage induced by IR and may provide time-
dependent information of bystander effects. Our previous
studies demonstrated that in situ visualization of DSBs can
be used to assess early-stage process of irradiation-induced
extranuclear/extracellular (bystander) effects (25).
In the present studies, to analyze the time and spatial effects

of the bystander signal transfer and its kinetics at an early stage
post-irradiation, we exposed only a part or �25% of the cells
plated onto rectangular dishes (10 � 6 mm2, Figure 1) to
a-particles. The distances that the bystander signal traveled,
together with the degree of the bystander effect on unirradiated
cells, were investigated using the DSB assay. The use of

rectangular dishes provides an opportunity to divide the
non-irradiated area into equal, progressive quadrants from
the irradiated area (2.5 � 6 mm2).

Materials and methods

Cell culture and alpha-particle irradiation

AG1522 normal human diploid skin fibroblasts, received as a kind gift from
Dr Barry Michael (Gray Laboratory, UK), were maintained in a-Eagle’s
minimum essential medium (Gibco) supplemented with 2.0 mM L-glutamine
and 20% FBS (Hyclone) plus 100 mg/ml streptomycin and 100 U/ml penicillin
(Gibco) at 37�C in a humidified 5% CO2 incubator. For irradiation, �1 � 104

exponentially growing AG1522 cells in passage 11–14 were seeded into each
specially designed rectangular dish (internal area: 10 � 6 mm2) consisting of a
3.5 mm thick mylar film bottom on which the cells are attached. The culture
medium was replaced every 2 days until the cells developed into a confluent
monolayer before irradiation. At that time, �92% of the cells were in G0–G1,
as determined by flow cytometry. The cells were synchronized in G0–G1 by
confluent density inhibition of growth to eliminate complications in the inter-
pretation of the results (7). The average energy of a-particles derived from
241Am irradiation source, measured at the cell surface, was 3.5 MeV and the
particles were delivered at a dose rate of 1.0 cGy s�1. The dose–response
survival curve of AG1522 showed that D37 ¼ 0.317 Gy and D50 ¼ 0.221 Gy,
when analyzed using the linear-quadratic model (26). During irradiation, 75%
of the rectangular dish was shielded using a 100 mm-thick aluminum plate
below the dish and cells on the other 25% area were irradiated with the doses of
0, 0.5, 1 and 10 cGy, respectively (Figure 1). Control dishes went through the
same irradiation procedure but were 100% shielded. After irradiation, all the
dishes were removed to the incubator for 30 min and fixed for immunochem-
ical staining.

To investigate the kinetics of the bystander effects induced in the cells of
irradiated and unirradiated areas, and for the analysis of the time-dependent
relationships, cells on 25% of the rectangular dish were irradiated with the dose
of 1 cGy and then moved to the incubator for the designed time points of
2–360 min before fixing and staining to assess the levels of DSB positive cells.

Treatment with lindane or dimethyl sulfoxide

It has been shown that there are two pathways involved in radiation-induced
bystander responses, that is, the pathways involved some medium derived
soluble factors, such as short-lived reactive oxygen species (ROS) and those
that are mediated by gap junctional intercellular communication (GJIC). To
examine the mechanisms underlying the bystander effects accessed by the
induction of DSBs in unirradiated bystander areas, all cells in the dish were
treated either with 40 mM lindane (Sigma) 2 h before, during and 30 min after
irradiation or with 1% (v/v) dimethyl sulphoxide (DMSO) 15 min before,
during and 30 min after 25% of the area was irradiated with 1 cGy a-particles.
After treatment, cells were fixed 30 min post-irradiation to visualize the levels
of DSBs. The dose of the two chemicals used is effective and has previously
been shown to be non-toxic and non-genotoxic to the cells under the condition
used in present studies (8,27,28).

Fig. 1. Schematic diagram of the mylar dish used in the study for irradiation and image capturing. The specially designed dish (internal area: 10 � 6 mm2)
consists of a 3.5 mm thick mylar film bottom on which the cells are attached. The unirradiated cells were shielded with aluminum (left hand panel). The
images were captured in the irradiated area and the unirradiated area, when the mylar dishes containing the stained cells were placed on the 35-mm-diameter
glass bottom dish, which was marked and divided equally into four small sections (2.5 � 6 mm2) labeled as irradiated area By I, By II and By III
corresponding to the rectangular mylar dish (right hand panel).
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Immunochemical staining of cells (g-H2AX) and DSB measurement

Immunochemical staining of cells was performed as described previously (29).
Briefly, at a designated time after irradiation, cultures were removed from the
incubator, washed with phosphate-buffered saline (PBS) three times, fixed in a
2% paraformaldehyde solution with PBS for 15 min at room temperature and
then rinsed three times with PBS again. Prior to immunochemical staining,
cells were incubated for 30 min in TNBS solution (PBS supplemented with
0.1% Triton-X 100 and 1% FBS) to improve their permeability and then
incubated with anti-g-H2AX antibody (Upstate Biotechnology, USA) in
PBSþ (PBS supplemented with 1% FBS) for 90 min, washed in TNBS for 3 �
5 min and incubated in PBSþ containing the FITC-conjugated goat anti-mouse
secondary antibody (Sigma) for 60 min. After another wash with TNBS for 3�
5 min, cells were counter stained using Hoechst33342 (5 mg/ml for 20 min at
room temperature). After washing again with TNBS, the stained cells were
mounted using 50% of glycerol–carbonate buffer (pH 9.5) for microscopy.

The rectangular mylar dishes containing the stained cells were placed
into one 35-mm-diameter glass bottom dish (glass thickness: 0.17 mm, The
Netherlands), on which the outline of the rectangular mylar dish was traced
and divided equally into four small sections (2.5 � 6 mm2) corresponding
to the rectangular mylar dish (Figure 1). Immunofluorescence images of
cells in irradiated and unirradiated areas [labeled as By I (0–2.5 mm), By II
(2.5–5 mm), By III (5–7.5 mm to the irradiated area)] were captured using a
confocal laser scanning microscope (Lecia, TCS SP2). The captured images on
By I area were at least 0.5 mm away from the irradiated area to avoid any
secondary scattered particles. Each area was recorded in four images and at
least 150 cells in each image were counted. For quantitative analysis, the cells
with g-H2AX foci were regarded as the positive cells and the fraction of
positive cells was calculated (cells with DSBs/total cells) (30,31).

Statistical analysis of data

Data were presented as mean and standard deviations from the mean from
at least three independent experiments, with at least two replicate dishes
per experiment. Significant levels were assessed using Student’s t-test.
A P-value of 50.05 between groups was considered to be significant.

Results

Induction of DSBs in irradiated and bystander cells

Approximately 25% of the confluent AG1522 cell monolayers
located in one end of the rectangular dishes was irradiated with
0, 0.5, 1 and 10 cGy of a-particles and fixed 30 min after
incubation. The g-H2AX foci, a biomarker for DSBs in the
cells, induced by a-particles or generated endogenously, are
shown in Figure 2 (white foci in the grey nucleus region of the
three-dimensional images). The panels show the tracks repres-
enting a-particles traversal and the site of DSBs in the unirra-
diated bystander area (C), after 10 cGy irradiation (B), and in
the sham-irradiated dish (A). Our previous studies, together
with others, demonstrated that the DSB formation reached a

maximum at 30 min after irradiation with a-particles
(19,20,25). Consequently, in the present studies, we chose 30
min as the post-irradiation incubation time to analyze the dose
effect on DSB formation in the bystander cells.
Figure 3 shows the fraction of DSB positive cells induced

with 0, 0.5, 1 and 10 cGy of a-particles on both the irradiated
and unirradiated bystander areas. The fraction of DSB positive
cells induced in the irradiated area showed a dose-dependent
increase in yield. In cells that were irradiated with a dose of 0.5
or 1 cGy, the fraction of DSB positive cells was 0.363 and
0.422, respectively, in the irradiated area. These yields were
significantly greater than those observed in the sham-irradiated
cells (P 5 0.01 for both 0.5 and 1 cGy dose), and also higher
than the proportion of cells whose nuclei were estimated to be
hit. Based on measured nuclear and cytoplasmic areas of 163�
5 mm2 and 1371 � 4 mm2 for the fibroblasts, the percentage of
cell nuclei and whole intact cells estimated to be traversed by
a-particles was 4.6 or 38.8% for 0.5 cGy and 9.2 or 77.7% for
1 cGy (25). Our previous study has suggested that the cyto-
plasmic or extranuclear contribution to the increase in DSB
foci was minimal (25).
The level of DSB positive cells in unirradiated bystander

areas By I, By II and By III all increased 30 min after irradi-
ation. However, the increases were not in a dose-dependent
manner, and the average percentages of cells containing
g-H2AX foci in the three unirradiated bystander areas were
0.251, 0.251 and 0.259 for the doses of 0.5, 1 and
10 cGy, respectively. There was no statistically significant
difference in the incidence of g-H2AX positive cells among
unirradiated bystander areas. Compared with the sham-
irradiation control cells, the increases in DSBs in both the
irradiated and in the unirradiated areas were all significantly
different (P 5 0.01). These results are consistent with the
published studies using different endpoints (14–16) and sug-
gested that the bystander effects could be induced in unirradi-
ated cells when co-cultured with the irradiated ones.

The time and spatial effects of DSB induction in bystander
cells

To detect the time effect of DSB induction, 25% of the con-
fluent AG1522 cell monolayers located in one end of the
rectangular dishes was irradiated with a 1 cGy dose of a-
particles and the cultures were fixed at a designated time for
the immunohistochemical staining of g-H2AX foci. Figure 4

Fig. 2. Induction of DSBs in irradiated and unirradiated bystander cells. Representative image of DSB positive cells (white g-H2AX foci in the
grey nucleus region) in sham-irradiated dish (A), 10 cGy a-particle irradiated area (B) and bystander area (C).
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shows that the fraction of induced DSB positive cells in the
irradiated area varied with the post-irradiation incubation time
and was significantly higher than sham-irradiated controls at
all time points examined (P 5 0.01). By 2 min after irradi-
ation, the fraction of DSBs in By I of the unirradiated
bystander area, which is closest to the irradiated section, was
already significantly higher than the corresponding sham-
irradiated control (P 5 0.01). In contrast, in By II and By III,
no such differences in the fraction of DSBs were detected in
2 min (Figure 4). By 6 min post-irradiation, the percentage of
DSBs in both By I and By II showed a progressive increase

over the controls, whereas no increase was observed among the
bystander cells in By III until 10 min post-irradiation when
compared with the corresponding sham-irradiated controls in
that zone. From 15 min to the end of the 360 min observational
period, when the fractions of DSBs in each zone were mon-
itored, the bystander DSBs in the various unirradiated areas
were all significantly higher than the corresponding controls
(P5 0.01 or P5 0.05, as indicated). Furthermore, by 30 min
post-irradiation, the incidence of DSBs reached a maximum
for both the directly irradiated and bystander cells. With fur-
ther increase in time, the fractions of DSBs in both irradiated

Fig. 3. Induction of DSBs in irradiated and unirradiated bystander fibroblasts. The fractions of DSB positive cells were calculated 30 min after irradiation with
0, 0.5, 1 and 10 cGy of a-particles. Data were pooled from five individual experiments. Error bars represent the standard deviations of the means. Asterisk
depicts values that are statistically significant (P 5 0.01) between the corresponding controls and the experiment groups.

Fig. 4. Bystander DSB induction response as a function of time and distance from irradiated cells in primary human fibroblasts. The fractions of DSB positive
cells were calculated 2, 6, 10, 15, 30, 45, 60, 180 and 360 min after irradiation with 1 cGy of a-particles. Data were pooled from three individual experiments.
Error bars represent the standard deviations from the means. Asterisks and double asterisks depict values that are statistically significant (P 5 0.05 and P 5
0.01, respectively) between the corresponding controls and the experimental groups.
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and unirradiated bystander areas gradually decreased. How-
ever, by 360 min post-irradiation, the incidence of DSBs in
both of these areas, including the three bystander zones,
remained significantly higher than their respective controls.

Attenuation of DSB formation by lindane or DMSO treatment

Pretreatment of cells with either the gap junction communica-
tion inhibitor lindane (40 mM) or with the free radical scaven-
ger dimethyl sulphoxide (1%) reduced the fraction of DSB
positive cells both in the irradiated and unirradiated bystander
areas (Figure 5). In cells irradiated with 1 cGy dose of
a-particles, addition of lindane or DMSO reduced the number
of cells containing g-H2AX foci by 48.1 and 56.2% in irradi-
ated area, from 42.2% to 21.9% and 18.5%, respectively (P5
0.01). Similar results were also obtained among cells in the
three unirradiated bystander areas, and the average decreases

were �32.5% (lindane) and 38.5% (DMSO), from 26.2% to
17.7% and 16.1%, respectively (P 5 0.01). The decrease in
DSB positive cells after treatment with chemical agents sug-
gested that GJIC or ROS might play important roles in the
induction of bystander effect, both in irradiated and unirradi-
ated bystander areas.

Discussion

RIBEs have been extensively studied in the past decade
(1,3,4). The plethora of data now available concerning this
effect fall into two categories: (i) in confluent cultures where
physical contacts between irradiated and non-irradiated cells
are made and where gap junctional communications have been
shown to be essential for the process, and (ii) in sparsely

Fig. 5. The fraction of DSB positive cells induced by 1 cGy of a-particle irradiation treated with or without 40 mM lindane (A) or 1% DMSO (B). Data
were pooled from four individual experiments. Error bars represent the standard deviations from the means. Asterisks depict values that are statistically
significant (P 5 0.01) between the lindane or DMSO treated and the untreated groups.
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populated cultures where bystander effects may be mediated
by damage signals released into the culture medium by the
irradiated cells. As a result, incubation of non-irradiated cells
with a conditioned medium from irradiated cultures may lead
to induction of biological effects. In the present study, conflu-
ent monolayers of AG1522 normal human diploid fibroblasts
were used. It is not clear whether the signaling molecules
involved in the two bystander processes are mutually
exclusive. In fact, it is probable that some common initiating
or intermediate steps are involved. In situ DSB assay, based
on the immunohistochemical staining of g-H2AX, can
reflect DSB induction as early as 1 min after irradiation
(19,20). Compared with the other endpoints in bystander
studies, it provides a fast and real-time method to analyze
the transfer of the bystander signal, as well as the kinetics of
the RIBE.
Our results from fixing and staining the cells 30 min after

irradiation show that the bystander signals initiated by very
low doses of a-particles in irradiated cells can induce the DSB
damage in the unirradiated bystander cells far away from the
irradiated areas (upto 7.5 mm, the longest distance in our
experiment system). That is to say, the RIBE can influence
any cells in the co-culture dish. This result is consistent with
the findings of Belyakov et al. (14) and Schettino et al. (15),
showing that a cell has the same chance of responding to the
bystander signals whatever its distance from the irradiated area
may be. Moreover, using the in situ DSB assay, the average
levels of DSB damage in unirradiated bystander areas, after
irradiation with the graded doses of a-particles, were found to
be�2-fold higher than that of the controls. No dose-dependent
effect was found in unirradiated bystander cells. Such a sat-
uration effect was similar to the findings of Ponnaiya et al.
(32–34), showing the lack of a dose-dependent response in the
induction of MN and chromosomal aberration in unirradiated
cells and their progeny.
Our results further demonstrated that the formation of DSBs

occurred very soon after irradiation, and the yields of DSB
positive cells in both irradiated and unirradiated bystander
areas showed a time-dependent increase during the 0–30 min
post-irradiation period. Although there is a tendency that a
DSB induction decreases after 30 min post-irradiation, the
inductions of DSBs at 60, 180 and 360 min post-irradiation
are still significantly high than their corresponding controls,
and remain steady (Figure 4). The decrease of DSB induction
both in irradiated and unirradiated areas 30min post-irradiation
might be due to the repair process initiated in the cells (35,36).
There is evidence that after exposure of IMR90 cells to 12 Gy
g-rays, g-H2AX foci appeared rapidly in 100% of the cell
population; in contrast, Rad50 foci appeared more slowly,
over a period of several hours (6–8 h post-irradiation) (37).
Replication protein A (RPA) plays important roles in DNA
replication, repair and recombination. Coincidence of RPA
and g-H2AX foci was detectable at 30 min after irradiation,
but the exact coincidence detected at 2 h after g-rays indicated
a time-dependent association of both proteins at the DSB sites
(38). Those unrepaired DSBs might be further involved in the
induction of SCE, MN, mutation and cancer incidence in the
future (39,40). The study of Rothkamm et al. (41) also demon-
strated that the un-repaired DSBs were induced by low dose g-
irradiation, could persist for days.
It is of interest to observe that at a very early stage (2–6 min)

post-irradiation, the induction of DSBs shows a distance-
dependent increase, that is, the zone closest to the irradiated

area shows the earliest induction of bystander effect (Figure 4).
However, 10 min after irradiation, the DSBs induced in the
unirradited bystander areas were significantly different from
their corresponding controls, and the damaged cells in
bystander areas were distributed uniformly over the areas of
the dish that was scanned. These results might suggest that the
transmission of RIBE is a distance-dependent phenomenon
as the bystander signal is propagated across the various
zones. To the best of our knowledge, this is the first report
that demonstrates the kinetics in the transmission of RIBE.
The mechanism of RIBE, whether involves cell–cell contact

or is mediated by soluble factors, is not clear, and is likely to
be complex and involve multiple pathways. In sub-confluent
cultures, there is evidence that ROS, cytokines such as TGFb,
and nitric oxide are essential in mediating the process (1). On
the other hand, gap junction mediated cell–cell communica-
tions have been shown to be critical in mediating the bystander
effects in confluent cultures of either human (27,42) or rodent
cells (8,9). In the present study, the results of using lindane, an
inhibitor of GJIC, or DMSO, a scavenger of ROS, both of
which decreased the fraction of DSB positive cells (Figure 5),
both in irradiated and unirradiated bystander areas, suggest
that GJIC and ROS might both play important roles in the
induction of the bystander effect. It is probable that multiple
signaling cascades involving both an initiating event and
downstream signaling steps are necessary to mediate the
bystander process, and a combination of pathways involving
both primary and secondary signaling processes is involved in
the bystander process. There is evidence that certain cytokines,
such as TGFb, may be involved in the bystander signaling
process (43). Recent findings by one of the co-authors have
demonstrated that cyclooxygenase-2 (COX-2) signaling cas-
cade plays an essential role in the bystander process. Treat-
ment of bystander cells with NS-398, which suppresses COX-2
activity, significantly reduced the bystander effect (44). It is
probable that both radical oxygen species and gap junctional
mediated processes contribute to the bystander effects, as
indicated by our results.
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