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ABSTRACT

Mitochondrial dynamics are crucial for cellular survival in response to various stresses.
Previously, we reported that Drpl promoted mitochondrial fission after x-irradiation
and its inhibition resulted in reduced cellular radiosensitivity and mitotic catastrophe.
However, the mechanisms of radiation-induced mitotic catastrophe related to
mitochondrial fission remain unclear. In this study, we investigated the involvement of
cellular ATP production, ROS generation, and Ca”" levels in mitotic catastrophe in
EMT6 cells. Knockdown of Drpl and Fisl, which are mitochondrial fission regulators,
resulted in elongated mitochondria and significantly attenuated cellular radiosensitivity.
Reduced mitochondrial fission mainly decreased mitotic catastrophe rather than
necrosis and apoptosis after irradiation. Cellular ATP contents in Drpl and Fisl
knockdown cells were similar to those in control cells. N-acetylcysteine and
2-glucopyranoside ascorbic acid have no effect on mitotic catastrophe after irradiation.
The cellular [Ca®]i level increased after irradiation, which was completely suppressed
by Drpl and Fisl inhibition. Furthermore, BAPTA-AM significantly reduced
radiation-induced mitotic catastrophe, indicating that cellular Ca*" is a key mediator of

mitotic catastrophe induction after irradiation. These results suggest that mitochondrial



fission is associated with radiation-induced mitotic catastrophe via cytosolic Ca®"

regulation.

Keywords: Ca**, Calcium regulation, Fission, Mitochondria, Mitotic catastrophe,

Radiation



1. INTRODUCTION

Mitochondria greatly contribute to the cellular quality and function, and

mitochondrial function is essential for cell survival. Mitochondria are dynamic

organelles that constantly change shape, by a process called mitochondrial dynamics.

Mitochondrial dynamics consist of two processes, fission and fusion, and the balance of

these processes is important for the regulation of mitochondrial function [1].

Mitochondrial fission and fusion are regulated by several proteins [2]. The main protein

involved in mitochondrial fission is dynamin-related protein 1 (Drpl). During fission,

Drpl is recruited in the mitochondrial outer membrane by several mitochondria-bound

proteins, including mitochondrial fission protein 1 (Fisl) and mitochondrial dynamics

proteins (MiD49 and MiD51). At the fission sites, Drpl forms ring-like structures that

constrict the mitochondrial tubule to mediate fission. Meanwhile, mitochondrial fusion

is regulated by mitofusin 1/2 (Mfn1/2) and optic atrophy 1 (Opal). Mfn1/2 and Opal

are located in the outer and inner mitochondrial membrane, respectively, and promote

mitochondrial membrane fusion.

Mitochondrial dynamics are essential in maintaining cellular and

mitochondrial functions. In the physiological state, mitochondrial fission equally

divides the mitochondria into daughter cells in the late G2 and M phases and is also



associated with turnover of damaged mitochondria by autophagy. Regarding cellular
energy metabolism, oxidative phosphorylation in fused mitochondria is known to be an
activated status compared to that in fragmented mitochondria, suggesting a close
relationship between mitochondrial morphology and cellular energy production.
Additionally, a recent study showed that basal [Ca®']i level and Ca®" oscillation
frequency decrease in Drpl knockdown human hepatocellular carcinoma (HCC)
BEL7402 cells, whereas an inverse response is observed in Drpl overexpressed human
HCC MHCCO97L cells [3]. This result indicates that mitochondrial morphological status
regulates cellular Ca®" signaling, since Ca>" is well accepted as important in maintaining
cellular homeostasis, i.e., transcription factor activation, cell cycle regulation, and
cellular transformation [4].

Several genotoxic agents (doxorubicin and cisplatin) [5-7] and oxidative
stimulus (UV) [8] have been reported to facilitate mitochondrial fragmentation and
release of reactive oxygen species (ROS) from mitochondria in tumor cell lines. In
cardiac ischemia/reperfusion, mitochondrial fragmentation were also observed in the in
vivo rat model [9]. In the elongated mitochondria-enriched status in Drpl-knockdown
BEL7402 cells, the response of Ca’" oscillation frequency to hydrogen peroxide

treatment was reported to be smaller compared to that in wild-type BEL7402 cells [3].



These findings indicate that genotoxic and oxidative stimuli modulate various
mitochondrial dynamics-related cellular functions. Our recent studies showed that
ionizing radiation triggers mitochondrial fragmentation by promoting Drpl-dependent
fission in mouse embryo fibroblasts (MEFs) and mouse fibroblasts, NIH3T3 cells
[10-12]. Furthermore, it was demonstrated that ionizing radiation enhances
mitochondria-derived ATP synthesis, ROS production, and mitochondrial respiration in
NIH3T3 cells, HeLa cells, and human lung adenocarcinoma A549 cells [11,13,14].
Drpl inhibition by a pharmacological inhibitor (mdivi-1) or genetic knockout (KO)
attenuated not only the radiation-induced mitochondrial fragmentation but also
radiation-induced clonogenic cell death and mitotic catastrophe, which is a type of cell
death associated with aberrant mitosis [10], suggesting that radiation-induced
mitochondrial fragmentation and its related function are, at least partially, related to
radiation-induced cell death. However, the detailed mechanism of how mitochondrial
fragmentation affects radiation-induced cell death is still unclear.

In the present study, to explore the mechanisms of radiation-induced cell
death related to mitochondrial fragmentation, the involvement of cellular ATP synthesis,

ROS production, and [Ca’']i in mitotic catastrophe was investigated in mouse breast



cancer EMT cell lines stably expressing shRNA against mitochondrial fission proteins,

Drpl and Fisl.



2. MATERIALS AND METHODS

2.1. Reagents

The nuclear stain, DAPI and Annexin V, APC Ready Flow '™ Reagent, and Trypan Blue
Stain were obtained from Thermo Fisher Scientific (Waltham, MA, USA). The
following antibodies were used: anti-Drpl (BD Biosciences, Billerica, MA, USA),
anti-Fisl (GeneTex Inc., Irvine, CA, USA), anti-cleaved caspase-3 (Cell Signaling
Technology, Beverly, MA, USA), anti-actin, and HRP-conjugated secondary antibodies
(Santa Cruz Biotechnology, Santa Cruz, CA, USA). The Western Lightning Plus-ECL
chemiluminescence detection kit was purchased from PerkinElmer (Waltham, MA,
USA). Cell ATP assay reagent was obtained from Toyo Ink (Tokyo, Japan). CaSiR-1
AM was purchased from GORYO Chemical Inc. (Sapporo, Japan). N-acetylcysteine
(NAC), 2-glucopyranoside ascorbic acid (AA-2G), and BAPTA-AM were obtained

from Wako Pure Chemical Industries (Osaka, Japan).

2.2. Cell culture and X-irradiation
Murine breast cancer EMT6 cells were obtained from ATCC (CRL-2755) and
maintained in RPMI1640 medium (Thermo Fisher Scientific) supplemented with 10%

FBS (Biosera, Nuaille, France) at 37°C in a humidified atmosphere of 5% CO,.



X-irradiation was performed using an X-Rad iR-225 (Precision X-Ray, North Branford,

CT, USA) at 200 kVp, 15 mA, with a 1.0-mm aluminum filter.

2.3. Plasmids and stable transfection

Xhol site in the EF1-a promoter region of pEF6.mCherry-TSG101 (Addgene plasmid

#38318) was destroyed by PCR-based site-directed mutagenesis. GFP-miR30 region

from pENTR/pSM2(CMV) GFP (w513-1) (Addgene plasmid #19170) was then

subcloned into the mutated pEF6.mCherry-TSG101 plasmid using BamHI and BstBI.

The resultant plasmid that expresses GFP and miR30-based shRNA under the control of

EF1-0 promoter was named pEF6-GFP-miR30. Target sequences of shRNA against

Drpl and Fisl were designed according to a previous study [15] and shown in

Supplementary table 1. Moreover, 97-mer oligonucleotides coding for the respective

shRNAs were PCR amplified wusing the primers 5'miR30-Xhol-fw and

miR30-EcoOligo-rev as described [15]. After amplification, the fragments were excised

using Xhol/EcoRI and cloned into pEF6-GFP-miR30. The sequences of all shRNA

expression vectors were verified. The shRNA expression vectors were transfected into

EMT6 cells using lipofection. Following blasticidin treatment (10 pg/mL), surviving

clones with high GFP fluorescence were selected and maintained in RPMI1640/10%
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FBS containing blasticidin (2.5 pg/mL). The knockdown efficiency was confirmed by

Western blot analysis.

2 4. Mitochondrial morphology

Cells were seeded on 35-mm glass-bottomed dishes and cultured overnight. The cells
were incubated in serum-free medium containing 100 nM MitoTracker Red for 30 min
at 37°C. After washing with medium, fresh growth medium was supplied. Fluorescence
images of live cells were obtained using an LSM700 confocal laser scanning
microscope (Carl Zeiss, Oberkochen, Germany) at 37°C in 5% CO,. To quantify
mitochondrial morphology, mitochondrial shapes in the cell were categorized into

“highly connected,” “tubular,” “intermediate,” and “fragmented” as described in our

previous study [12].

2.5. Western blot analysis

Cells were collected and lysed with lysis buffer. After centrifugation, supernatants were

collected and added with 3x Laemmli sample buffer. Proteins were separated by

SDS-PAGE and transferred into a nitrocellulose membrane (Advantec TOYO Inc,

Tokyo, Japan). After blocking, the membrane was probed with specific antibodies
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overnight at 4°C. After probing with HRP-conjugated secondary antibodies, the bound
antibodies were detected with Western Lightning Plus-ECL. Image acquisition was

performed with an LAS 4000 mini image analyzer (Fujifilm, Tokyo, Japan).

2.6. Clonogenic survival assay

After x-irradiation, cells were cultured for 6 days before methanol fixation and staining
with Giemsa solution (Wako Pure Chemical Industries). Colonies containing >50 cells
were scored as surviving cells. Surviving fractions were calculated, correcting for the

plating efficiency of cells, with or without x-irradiation.

2.7. Trypan blue staining
After irradiation, cells were collected at indicated times. Following washing with PBS,
the cells were stained with Trypan blue. Trypan blue positive cells were counted using

Countess™ I FL Automated Cell Counter (Thermo Fisher Scientific).

2.8. Apoptosis analysis
After irradiation, cells were collected at indicated times. For cleaved caspase-3

detection, the cells were fixed with ethanol. After centrifugation, the cells were
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permeabilized and incubated with anti-cleaved caspase-3 antibody. After washing, the
cells were incubated with the APC-conjugated anti-rabbit IgG. Flow cytometer analysis
was conducted using the BD FACSVerse™ Flow Cytometer (BD Biosciences), and the
intensity of cleaved caspase-3 was measured. In Annexin V and PI staining, the cells
were stained with Annexin V, APC Ready Flow™™ Reagent (Thermo Fisher Scientific),
and PI for 15 min at room temperature. After staining, the cells were analyzed with flow

cytometer.

2.9. Mitotic catastrophe analysis

Cells were seeded on glass coverslips and cultured overnight. After x-irradiation, cells
were fixed using 3.7% paraformaldehyde/PBS for 10 min at 4°C and permeabilized
with PBS containing 0.5% Triton X-100 for 5 min at 4°C, followed by DAPI staining.
Coverslips were mounted with ProLong® Gold Antifade Mountant reagent (Thermo
Fisher Scientific). Fluorescent microscopic analysis was performed using an Olympus
BX61 microscope (Olympus, Tokyo, Japan) using reflected light fluorescence. At least
100 cells were analyzed. Where necessary, ROS scavengers (NAC and AA-2G) and

intracellular Ca*" chelator (BAPTA-AM) were used. After irradiation, the medium was

13



replaced with fresh growth medium containing drugs, and the cells were cultured for

analysis.

2.10. Cellular ATP measurement

Total ATP was quantified using cell ATP assay reagent (Toyo Ink). The suspension of
cells (1 x 10° cells) in a 96-well plate was mixed with luciferin-luciferase solution and
incubated for 1 h at room temperature. Then, luminescence was measured using the

Nivo multimode microplate reader (PerkinElmer).

2.11. Cellular Ca** measurement
After irradiation, cells were collected at indicated times. The cells were stained with 1
uM CaSiR-1-AM in HBSS for 1 h at 37°C. After staining, the cells were analyzed using

a flow cytometer.

2.12. Statistical analysis

All results are expressed as means = SD of at least three separate experiments.

Comparison of the two groups was performed using Student’s t-test. For multiple

14



comparisons, The Dunnett or Tukey-Kramer test was used. The minimum level of

significance was set at a P-value < 0.05.
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3.RESULTS

3.1. Effects of mitochondrial fission protein knockdown on mitochondrial

morphologies

We initially established EMT6 cell lines stably expressing shRNA against

mitochondrial fission proteins, Drpl and Fisl (shDrpl and shFis1 cells). The expression

levels of these proteins were confirmed by Western blot analysis (Fig. 1A). We then

analyzed and categorized mitochondrial morphologies in these cells. As shown in Fig.

IB and 1C, Drpl and Fisl inhibition enhanced mitochondrial length and

interconnectivity, suggesting that mitochondrial fission was successfully inhibited.

3.2. Effects of mitochondrial fission inhibition on radiosensitivity and

radiation-induced cell death, necrosis, apoptosis, and mitotic catastrophe

To examine the effects of mitochondrial fission inhibition on cellular survival after

x-irradiation, we performed clonogenic survival assay. X-irradiation decreased the

viability of control cells in a dose-dependent manner. Drp1 and Fisl inhibition reduced

clonogenic cell death at a dose > 2.5 Gy (Fig. 2A). In contrast, mitochondrial fusion

inhibition by Mfn2 and Opal knockdown had no effects on cellular radiosensitivity,

whereas mitochondrial shapes were drastically shortened (Supplemental Fig. 1). These
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results indicate that inhibition of mitochondrial fission decreases cellular

radiosensitivity.

It is known that ionizing radiation causes various types of cell death, including

necrosis, apoptosis, mitotic catastrophe, and autophagy [16,17]. To investigate how

downregulation of mitochondrial fission caused the reduction in radiosensitivity in

EMT®6 cells, we analyzed the modes of cell death after irradiation. First, we performed

Trypan blue staining assay to evaluate membrane destructive cell death as necrosis. As

shown in Fig. 2B, Trypan blue positive cells were < 10% 72 h after irradiation, and

Drpl and Fisl inhibition did not affect it. Next, apoptotic cell death was analyzed by

cleaved caspase-3 and Annexin V/PI staining. X-irradiation increased the expression of

cleaved caspase-3 in a time-dependent manner (Fig. 2C) and induced early apoptosis

(Annexin V positive and PI negative) to 10% (Fig. 2D). Drpl knockdown partially

decreased cleaved caspase-3 expression and early apoptosis at 72 h after irradiation,

whereas Fisl knockdown did not alter them. These results suggest that, although Drpl

seems to be slightly involved in apoptosis, apoptosis and necrosis are not major factors

of radiation-induced cell death in EMT6 cells because irradiation of 5 Gy induced about

half or more reduction in clonogenic survival. Mitotic catastrophe is a type of cell death

associated with aberrant mitosis and considered a major cell death mechanism after
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irradiation [16]. Then, we examined the effect of mitochondrial fission inhibition on
mitotic catastrophe. After x-irradiation, we stained cell nuclei and scored the cells with
features of aberrant mitotic nuclei, such as micronuclei, multilobular nuclei, and
fragmented nuclei, as cells undergoing mitotic catastrophe (Fig. 2E). X-irradiation
increased mitotic catastrophe to 60% in control cells (Fig. 2F, white). Downregulation
of Drpl and Fisl significantly attenuated it to 30-40% (Fig. 2F, black and gray). This
result suggests that mitotic catastrophe is a major factor of radiation-induced cell death
in EMT6 cells and that mitochondrial fission is mainly involved in radiation-induced
mitotic catastrophe.

3.3. Involvement of ATP production, ROS generation, and Ca’* level in the

induction of mitotic catastrophe after x-irradiation

To investigate how mitochondrial fission contributes to radiation-induced mitotic
catastrophe, we analyzed the involvement of ATP production, ROS generation, and
Ca”™" level. Regarding DNA damage and repair kinetics, there were no significant
differences in shDrpl and shFisl cells (Supplemental Fig. 2). First, ATP production
was analyzed. Although ATP production increased after irradiation, neither Drpl nor
Fisl inhibition influenced it (Fig. 3). We examined the involvement of ROS in

radiation-induced mitotic catastrophe using ROS scavengers, NAC, and AA-2G.
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Neither NAC nor AA-2G influenced mitotic catastrophe after irradiation (Fig. 4A and
4B). Previous studies have suggested that the alteration in calcium homeostasis is
closely associated with the status of mitochondrial fusion and fission [3,18]. Then, we
confirmed the possibility that mitochondrial fission contributes to radiation-induced
mitotic catastrophe via the regulation of cytosolic [Ca®]i level. When cytosolic [Ca®i
level was evaluated, it was slightly but significantly increased after irradiation at 12 h in
control cells (Fig. 5A). In contrast, shDrpl and shFisl completely suppressed the
increase in cytosolic [Ca®"]i level after irradiation. We further examined the effect of
Ca”™" chelation on radiation-induced mitotic catastrophe, using BAPTA-AM. We
confirmed that BAPTA-AM did not prevent cell cycle progression in EMT6 cells after
irradiation. BAPTA-AM significantly reduced mitotic catastrophe after irradiation (Fig.
5B). These data suggest that cytosolic [Ca*"]i but not ATP and ROS production is
involved in radiation-induced mitotic catastrophe and that mitochondrial fission is
partially involved in mitotic catastrophe by increasing cytosolic [Ca*]i level after

irradiation.
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4. Discussion

In the present study, we demonstrated that Drpl and Fisl knockdown reduced not
only mitochondrial fission but also radiation-induced clonogenic cell death in EMT6
cells, (Fig. 1-2) as well as our previous data, using Drpl KO MEFs [10]. These
observations indicate that mitochondrial fission has an essential role in
radiation-induced cell death induction. When the modes of cell death after irradiation
were investigated, radiation-induced mitotic catastrophe was significantly reduced by
mitochondrial fission inhibition (Fig. 2F). This result is well correlated with the
clonogenic cell death. It is known that mitochondrial fission closely relates to apoptosis
induction [2]. In fact, shDrpl significantly but slightly decreased apoptosis after
irradiation (Fig. 2D). However, since radiation-induced apoptosis was < 10%, its
contribution to radio-protective effect by mitochondrial fission inhibition seems to be
small in EMT6 cells. Taken together, these data suggest that inhibition of mitochondrial
fission mainly decreased mitotic catastrophe but not necrosis and apoptosis after
irradiation in EMT6 cells.

As shown in Fig. 5A, x-irradiation increased cellular [Ca®]i level in EMT6 cells.
Similarly, previous studies reported that ionizing radiation increases cytosolic [Ca®']i

level in several cell lines [19,20], indicating that this phenomenon is a universal reaction

20



in mammal cells. Our study also showed that this radiation-induced increase in cellular
[Ca®']i level was suppressed by mitochondrial fission inhibition. It is known that
mitochondria serve as Ca®" store to control intracellular Ca*" signaling by buffering
cytosolic [Ca® i [21]. Recently, it has been shown that inhibition of mitochondrial
fusion increases store-operated Ca’* entry in cardiomyocyte differentiation [22].
Moreover, Huang et al. have shown that mitochondrial fission increased cellular [Ca*']i
level by STIMI-mediated store-operated Ca®" entry in HCC cells after hydrogen
peroxide treatment [3]. These observations indicate that mitochondrial fission is
involved in cellular [Ca*"]i regulation.

Furthermore, we demonstrated that intracellular Ca®’" was involved in
radiation-induced mitotic catastrophe, while ATP synthesis and ROS production were
not (Fig. 3-5) BAPTA-AM significantly decreased radiation-induced mitotic
catastrophe (Fig. 5B). Ca®" is known as a universal second messenger that regulates a
number of diverse cellular processes, including execution of cell death [4]. Our previous
study also showed that the increase in cellular [Ca*']i level was triggered by irradiation
and that BAPTA-AM delayed apoptosis induction in MOLT-4 cells [23]. Taken
together, it is suggested that the regulation of cellular [Ca®']i has an important role in

cell survival after irradiation. However, how cellular Ca®" contributes to mitotic

21



catastrophe remains unclear. Mitotic catastrophe is the major cell death mechanism after
irradiation, and has been shown to occur as a premature reentry in mitosis with DNA
damage [16]. In mitosis, various mitotic regulators, including cyclins, aurora kinases,
and polo-like kinases, are strictly modulated by post-translational modification,
synthesis, and degradation in a timely manner [24], and their improper regulation is
involved in mitotic catastrophe. Aurora kinases play an essential role in mitosis by
controlling centrosome segregation [25]. Recent study has reported that Ca>" activates
aurora A kinase in mitosis [26]. It also has been shown that cyclin B1 degradation is
essential in metaphase—anaphase transition and mitotic exit, and its improper destruction
in the M phase is associated with the execution of mitotic catastrophe [27]. Hyslop et al.
reported that Ca®" triggers cyclin Bl destruction during meiosis in mouse oocyte
development [28]. In fact, our previous study showed that cyclin B1 degradation was
prolonged after irradiation in Drpl KO MEFs [10]. From these data, it is possible that
the increase in cytosolic [Ca*']i level is, at least, partially involved in defective mitosis
by influencing the activity or expression of mitotic regulators, resulting in mitotic
catastrophe after x-irradiation.

Therefore, the present study demonstrates that [Ca®']i plays an important role in

mitotic catastrophe induction and mitochondrial fission contributes to the increase in

22



[Ca]i level after irradiation, resulting in a part of radiation-induced mitotic catastrophe.
These findings imply that the regulation of mitochondrial shape is involved in cellular
survival via their functional alteration after irradiation. We believe that our findings
contribute to the establishment of an approach to alter cellular radiosensitivity by

interfering with mitochondrial dynamics.
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Figure Legends

Fig. 1. Effect of protein knockdown involved in mitochondrial fission on

mitochondrial morphologies

EMT®6 cells stably expressing shRNA against proteins involved in mitochondrial fission

were generated. (A) The expression levels of Drpl and Fisl in EMT6 cells stably

expressing non-silencing shRNA (Ctl), shDrpl or shFisl. (B and C) The cells were

stained with MitoTracker Red, and mitochondrial morphologies were analyzed by

confocal laser microscopy. (B) Representative images of mitochondria. (C) Quantitative

analysis of mitochondrial morphologies.

Fig. 2. Effects of mitochondrial fission inhibition on clonogenic cell death, necrosis,

apoptosis, and mitotic catastrophe after x-irradiation

(A) The effects of mitochondrial fission inhibition on survival fraction after

x-irradiation. Data are expressed as means = SD of the three experiments. *p < 0.05 vs.

Ctl (Student’s t-test). (B-D) After x-irradiation at 10 Gy, cells were cultured for the

indicated times, and necrotic and apoptotic cell deaths were evaluated. (B) Trypan blue

positive cells were counted. (C) The intensity of cleaved caspase-3 was measured. (D)
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Cells in the early apoptosis (Annexin V positive, PI negative) were counted. (E and F)

After the cells were x-irradiated at 5 Gy and incubated for 24 h, cell nuclei were stained

with DAPIL (E) Representative images of the cells possessing features of mitotic

catastrophe, such as micronuclei, multilobular nuclei, and fragmented nuclei. (F)

Quantitative analysis of the effects of mitochondrial fission inhibition on

radiation-induced mitotic catastrophe. Data are expressed as means £ SD of the three

experiments. *p < 0.05 vs. Ctl (Dunnett test)

Fig. 3. Effect of mitochondrial fission inhibition on ATP production

(A) After x-irradiation at 10 Gy, cells were incubated for 24 h. The cells were collected,

and cellular ATP was measured. Data are expressed as means = SD of the three

experiments. *p <0.05 vs. 0 h (Dunnett test)

Fig. 4. Involvement of ROS production in the reduction in radiation-induced

mitotic catastrophe by mitochondrial fission downregulation

After x-irradiation at 5 Gy, cells were incubated with or without NAC and AA-2G at

indicated concentration for 24 h. (A) Quantitative analysis of the effects of NAC on

radiation-induced mitotic catastrophe. (B) Quantitative analysis of the effects of AA-2G
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on radiation-induced mitotic catastrophe. Data are expressed as means + SD of the three

experiments. *p < 0.05 vs. Ctl IR(+), DMSO (Dunnett test)

Fig. 5. Involvement of cellular Ca®* in the reduction in radiation-induced mitotic
catastrophe by mitochondrial fission downregulation

(A) The effects of mitochondrial fission inhibition on cellular [Ca®*]i after irradiation.
After x-irradiation at 5 Gy, cells were incubated for indicated times. The cells were
collected and stained with CaSiR-1 AM and analyzed by flow cytometer. Data are
expressed as means + SD of the three experiments. *p < 0.05 vs. 0 h (Dunnett test). (B)
Quantitative analysis of the effects of BAPTA-AM on radiation-induced mitotic
catastrophe. After x-irradiation at 5 Gy, cells were incubated with or without 8§ uM
BAPTA-AM for 24 h. Data are expressed as means = SD of the three experiments. *p <

0.05 vs. Ctl IR(+), DMSO (Tukey-Kramer test)
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