
Abstract. Doxorubicin (DOX) is a drug widely used in cancer
chemotherapy. Although it has been proven that DOX kills
tumor cells, the triggered modes of cell death are not fully
understood. There is some evidence that, depending on the
dose of DOX, the treated cells undergo senescence, mitotic
catastrophe, apoptosis or necrosis. The aim of this study was to
assess the type of CHO AA8 cell death induced with different
DOX doses. In this context, we also assessed organization and
distribution of F-actin, which integrity was suggested to be
indispensable for apoptosis. Following treatment with 0.5 and
1 μM DOX, the giant multinucleated cells with extended
network of fine microfilaments appeared. Notably, in the nuclei
of the enlarged cells microscopy and cytometric analysis
showed the presence of F-actin. DOX (2.5 μM) caused the
appearance of the giant cells and with apoptotic features and
signs of autophagy vacuolization. Flow cytometric studies
indicated a dose-dependent increase in the number of TUNEL-
positive cells and cells stained with both Annexin V and PI.
Cell cycle analysis revealed the increase in the hyperploid
DNA content. Our results suggest that treatment of CHO AA8
cells with different DOX doses caused mitotic catastrophe
that was followed by apoptosis with signs of autophagy. The
increase in F-actin content in the nuclei of the dying cells
was evident. We hypothesize that in CHO AA8 cells F-actin
may be involved in chromatin reorganization undergoing cell
death.

Introduction

Doxorubicin (DOX) is the anthracycline antibiotic widely
used in the treatment of solid tumors (1). Despite the

widespread clinical application, the mechanism of action of
DOX is not entirely clear. Its main activity is related to the
inhibition of topoisomerase II, free radical formation and
oxidative DNA damage (2,3). It is believed that DOX induces
apoptosis through cytochrome c release and activation of
caspase-3 (4,5). However, in our previous study we observed
the occurrence of cells not only with apoptotic features, but
those characteristic of mitotic catastrophe (6). Several lines
of evidence have indicated that high doses of DOX cause cell
death via apoptosis whereas low concentrations lead to
mitotic catastrophe (MC) and/or senescence (7,8). The
definition of MC is still the subject of debate. Castedo et al
proposed this process to be different from apoptosis mode of
cell death resulting from cell cycle checkpoint deficiencies
and cellular damage (9). On the contrary, others have
claimed that MC should be considered an aberrant mitosis
that promotes autophagy (10) and/or leads to cell death
through apoptosis, or necrosis (11,12). In spite of many
discrepancies, it is believed that p53-deficient cells are
particularly susceptible to MC. The hallmarks of MC include
formation of the multinuclear giant cells with uncondensed
chromosomes, multipolar spindle and polyploidy (13). Unlike
MC, apoptosis is characterized by cell shrinkage, plasma
membrane blebbing and nuclear fragmentation (14). Auto-
phagy serves, depending on circumstances, as an adaptive
process or a form of distinct cell death, among others, it is
demonstrated by accumulation of multiple autophagy
vesicles (15).

Actin is an abundant cytoskeletal protein present in all
eucaryotic cells in two forms: globular actin (G-actin) and
filamentous actin (F-actin) (16). Its activity is crucial in
regulating signal transduction, membrane trafficking, polarity
and motility of cells (17). It has been reported that actin might
be both an apoptotic target and an early modulator of cell
commitment to apoptosis (18). Moreover, reorganization of the
actin network was proved to be required for plasma membrane
blebbing (19,20). There is growing evidence that intact F-actin
is required for autophagocytosis, presumably for enabling cells
to transport vacuoles to lysosomes (21,22). Recent evidence
has indicated that the undamaged actin filaments are also
necessary for nuclear disruption during apoptosis (23). In our
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previous studies, we showed actin's presence in the nuclei
of different cell lines treated with various cytostatic drugs
including DOX (6,24). There are reports on the existence of
actin in interphase nuclei (25,26). It is assumed that nuclear
actin binds some structural proteins within the nucleus (27).
It is also implicated in chromatin remodeling, gene
transcription and pre-mRNA export (28-30).

In spite of some evidence, the presence of actin in nuclei
of the living and dying cells, its polymeric state and possible
function still remains controversial. Therefore, we decided to
assess the mode of CHO AA8 cell death and changes in actin
organization induced by different DOX doses.

Materials and methods

Cell culture and treatment. Chinese hamster ovary cells (CHO
AA8) were kindly provided by Professor M.Z. Zdzienicka
from Department of Molecular Cell Genetics, Collegium
Medicum in Bydgoszcz, Nicolaus Copernicus University,
Poland. The cells were grown as adherent cultures on plastic
in minimum essential medium eagle (MEM; Sigma Aldrich)
supplemented with 10% foetal bovine serum (Gibco) and
10 ml/l antibiotic-antimycotic stabilized solution (penicillin,
streptomycin, amphotericin B; Sigma Aldrich) in 5% CO2 at
37˚C.

For induction of cell death, CHO AA8 cells were treated
with different DOX concentrations: 0.5, 1 and 2.5 μM for
24 h. After this time period, the medium containing indicated
DOX concentrations was replaced with drug-free medium. The
cells were cultured for another 48 h period in fresh medium.
Control cells were grown in the same conditions except for
DOX treatment.

The isolation of nuclei. The cell pellet was suspended in the
homogenizing solution: 0.5 M Tris-HCl (pH 7.5); 0.5 M CaCl2;
1 M saccharose; 0.5 M MgCl2; Nonidet, 2-mercaptoethanol.
The solution-suspension ratio was 5:1. Homogenate was
crushed with Teflon piston in glass homogenizer on ice,
transferred into centrifugal tubes and centrifuged at 700 x g for
10 min, at 2˚C. Afterwards, cell precipitation was suspended in
1 ml of the homogenizing solution (without Nonidet) and
slowly added to the cooled solution: 0.5 M Tris-HCl (pH 7.5);
0.5 M KCl; 1 M saccharose; glycerol; 0.5 MgCl2 and 2-
mercaptoethanol. The mixture was centrifuged at 700 x g for
10 min, at 2˚C. Finally, the supernatant was carefully decanted
and precipitation was suspended in 1 ml of fixing solution
[4% (v/v) PFA in PBS, pH 7.4].

Fluorescence microscopy. CHO AA8 cells were grown on
sterile glass coverslips (Menzel) for the indicated time. For
immunofluorescence analysis, the cells were fixed with 4%
paraformaldehyde (PFA) in PBS, pH 7.4 (20 min, RT) and
then stained for F-actin with phalloidin/Alexa Fluor 488
(Molecular Probes) in PBS containing 20% methanol (20 min,
RT). Cell nuclei were stained with DAPI (Sigma Aldrich).
Labeled cells were observed with an Eclipse E800 fluore-
scence microscope with Epi-fluorescence attachment
(Nikon) and Confocal laser scanning microscopy Eclipse C1
(Nikon).

Transmission electron microscopy. For conventional
transmission electron microscopy analysis, cells were fixed
with 3.6% glutaraldehyde in phosphate buffer, postfixed with
OsO4 in the same buffer, dehydratated with alcohol and finally
embedded in Epon 812. Thin sections were stained with uranyl
acetate and lead citrate.

To show the presence of actin at the ultrastructural level,
a post-embedding streptavidin gold method was used. CHO
AA8 cells were fixed (4% PFA/PBS, 1 h, 4˚C) and washed
overnight (PBS, 4˚C). The cells were dehydrated with graded
ethanols and embedded in LR White. Sections were cut and
placed on nickel grids (Sigma Aldrich). Afterwards the grids
were floated on a drop of non-immune rabbit serum (Dako)
for 20 min, transferred onto drops of 1:100 dilution of a
monoclonal anti-actin antibody for 30 min (AC-40, Sigma
Aldrich) and washed in PBS. After PBS rinse, grids were
exposed to biotinylated rabbit anti-mouse immunoglobins
(1:100 dilution) (Dako), washed in PBS and transferred onto
drops of 1:20 dilution of 10 nm gold particles conjugated to
streptavidin for 30 min (Sigma Aldrich). Finally, the grids
were rinsed in PBS and dried. Control specimens were
incubated with non-imune anti-serum (Dako). All preparations
were examined in a JEM 100 CX electron microscope (Jeol,
Tokyo, Japan) at 80 kV.

Flow cytometry
Annexin V-FITC assay. Annexin V-FITC apoptosis detection
kit (BD Pharmingen) was used to assess phosphatidylserine
externalization. Nuclei were counterstained with propidium
iodide. The assay was performed according to manufacturer's
instruction. For flow cytometric analyses the Becton-Dickinson
FACScan was used.

TUNEL assay. The TUNEL (terminal deoxynucleotidyl
transferase-mediated dUTP-biotin nick end-labeling) method
was used to detect DNA strand breaks. TUNEL was carried out
according to manufacturer's instruction, with the following
modifications: cell fixation was performed on ice (15 min,
1% formaldehyde) and was followed by cell permeabilization
in 70% ethanol (30 min, on ice). After TUNEL-FITC staining,
the propidium iodide (PI)/RNase solution was added to detect
the stage of cell cycle. Analyses were performed on a Becton-
Dickinson FACScan machine.

For the analysis of DNA content, doublets were excluded
from the final analysis using linear plots of FL2-A vs. FL2-W.
The fractions of cells in G0/G1, S, G2/M, cells with a DNA
content of >4 n and <2 n (apoptotic DNA) were indentified.
Data analysis was carried out using FlowJo cell cycle analysis
software (Tree Star).

F-actin content. CHO AA8 cells were fixed with 4% PFA
for 20 min, at 4˚C and washed with PBS. Then the cells
were permeabilized with 0.1% Triton X-100 for 3 min,
rinsed with PBS and stained with phalloidin/Alexa Fluor 488,
20 min, RT (Molecular Probes). Flow cytometric evaluation
of DNA content was performed using Becton-Dickinson
FACScan.

Statistical analysis. Quantitative experiments were analyzed
by Mann-Whitney U test. Results were considered significant
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at P<0.05. Statistical analyses were carried out with the
GraphPad Prism software version 4.0.

Results

Here, we conducted the qualitative and quantitative studies of
nuclear and cytoplasmic actin pools in cells undergoing mitotic
catastrophe and apoptosis. To elicit a desired cell response,
CHO AA8 cells lacking functional p53 were treated with
increasing DOX doses (0.5, 1 and 2.5 μM).

Following DOX treatment, the presence of two different
cell populations was revealed. One population consisted of
flattened giant cells, several times bigger in size compared to
control cells. We observed mononucleated giant cells, cells
with lobulated nuclei or multiple nuclei of different sizes
(Fig. 3E, F, I, J-L; Fig. 4C). Simultaneously, DOX induced
formation of the CHO AA8 cells with apoptotic features
(Fig. 3G, H; Fig. 4D). The number of shrunken cells that
partially lost contact with the substratum increased together
with increasing drug doses. The increase in DOX concentration
correlated with the propensity of the giant cells towards
micronucleation. Apart from the cells with typical apoptotic
features and those with hallmarks of mitotic catastrophe,
we observed the cells exhibiting extensive cytoplasmic
vacuolization (Fig. 4B), indicative of autophagy. In some areas
of CHO AA8 cells, particularly after treatment with higher
DOX doses, we found severe changes within the cytoplasm

and even debris. Interestingly, electron microscopic exami-
nation did not reveal the loss of nuclear membrane integrity
(Fig. 4B).

Annexin V-FITC/7-AAD assay. After the DOX exposure, the
marked decrease in number of viable CHO AA8 cells
[Annexin V (-), 7-AAD (-)] was observed, compared to control
cells (Fig. 1A). There was a slight increase in the percentage of
Annexin V (+) 7-AAD (-) cells (Fig. 1B). In general,
regardless of the dosage used, most of the DOX-treated cells
were Annexin V (+) 7-AAD (+) or only 7-AAD (+) indicating
late apoptosis or necrosis (Fig. 1C and D).

TUNEL assay. Together with increasing DOX doses we
observed an increase in number of cells exhibiting DNA
fragmentation (TUNEL-positive). The most significant
difference was observed between control and samples treated
with 2.5 μM DOX (Fig. 1L). Representative histograms show
the effects of different DOX doses on cell cycle progression
(Fig. 1E-H) and DNA fragmentation (Fig. 1I-L). We found
positive correlation between DNA content and the occurrence
of DNA breaks. Most TUNEL-positive cells were present
among polyploid cells (DNA content of >4 n) (data not
shown).

Cell cycle analysis. As shown in Fig. 1F-H, for CHO AA8
cells exposed to DOX, there was an increase in the number of
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Figure 1. Flow cytometry analysis of viable (A), early apoptotic (B), late apoptotic (C) and necrotic cells (D) in relation to control cells. The CHO AA8 cells
are double-stained with PI and annexin V-FITC. Data are presented as medians and interquartile ranges obtained from ten independent experiments. Mann-
Whitney U test was used for statistical analysis. Flow cytometry analysis of the cell cycle (E-H). Representative figures of ten independent experiments are
shown; numbers represent the procentages of cells in each phase of the cell cycle. Flow cytometry analysis of DNA fragmentation (TUNEL assay), (I-L).
Representative figures of ten independent experiments are shown.
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Figure 2. The cytometric analysis of F-actin content in the whole CHO AA8 cells (A). The relationship between nuclear DNA and F-actin content in the whole
cells (B). The cytometric analysis of F-actin content in isolated nuclei (C). The relationship between nuclear DNA and F-actin content in the isolated nuclei (D).
Representative figures of ten independent experiments are shown.
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polyploid cells that accumulated at the expense of cells in
G1/S. It was associated with the increase in sub-G1 population,
an indication of apoptosis.

Fluorescence studies. To assess F-actin distribution,
conventional and confocal fluorescence microscopy were
used. The images of control cells obtained from conventional
microscope showed networks of peripheral microfilaments and
arrays of actin stress fibres, typical for fibroblasts (Fig. 3A).

After 0.5 μM DOX treatment, an overlapping pattern of
staining of F-actin and nucleus was observed (Fig. 3E and F).
Compared to control cells, multinucleated giant cells exhibited
extended network of fine microfilaments with distinct bundles
of F-actin and multiple stress fibers (Fig. 3I and K). Aside
from the giant cells, exposure to 1 and 2.5 μM DOX caused in
CHO AA8 cells hallmarks of apoptosis, including plasma
membrane blebbing and DNA fragmentation. Chromatin of
some apoptotic cells fragmented into multiple apoptotic
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Figure 3. Conventional (A, B, K, L) and confocal (C-J) fluorescence microscopy analysis of F-actin distribution in CHO AA8 cells stained with phalloidin/
Alexa Fluor 488 (A, C, E, G, I, K) and DAPI (B, D, F, H, J, L). Control cells (A-D), giant mononucleated (E, F) and multinucleated (I-L) cells with features of
mitotic catstrophe and apoptotic cell (G, H) are shown after 0.5 μM (E, F), 1 μM (I, J) and 2.5 μM (G, H, K, L) DOX treatment. Bar, 20 μm.
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bodies. We found positive staining of F-actin in apoptotic
bodies (Fig. 3G) and DNA staining confirmed the chromatin
presence in these structures (Fig. 3H). Bright staining of F-
actin was also observed in non-fragmented nuclei of cells with
apoptotic features (Fig. 3G). Merge of images showed
correspondence of DNA and F-actin staining in the giant
cells, both mononucleated and multinucleated (Fig. 3E, F, I-L).
In the nuclear region of the giant cells, we found areas without
DNA and F-actin staining similar to intranuclear cytoplasmic
inclusions.

Flow cytometric assay of F-actin content. The cytometric
analysis of F-actin content in CHO AA8 cells revealed its
increase in response to DOX treatment. We observed positive
correlation between F-actin content and DOX dosage (Fig. 2A)
and between F-actin content and DNA staining (7-AAD)
(Fig. 2B). In the case of isolated nuclei, loss of material during
purification unabled us to receive reliable results at dose
2.5 μM DOX. At 0.5 μM and 1 μM DOX, we found an
increase in F-actin content, depending on the dose used
(Fig. 2C) and DNA content (Fig. 1D).

Immunoelectron microscopic studies. In order to confirm actin
distribution in CHO AA8 cells, particularly in the nuclei,
streptavidin-gold immunoelectron microscopical technique
was used. In control and DOX-treated cells, positive immuno-
gold labelling was observed both in the nuclei and the
cytoplasm. Similar observations were made for the giant
cells, however, the most intensive labelling was observed in
chromatin clusters, within micronuclei (Fig. 5A). In mono-
nucleated cells with chromatin margination, more immunogold

particles were seen in areas of chromatin condensation than
in the cytoplasm (Fig. 5B). In micronuclei of the giant cells,
where chromatin clusters were not observed, particles for actin
were evenly distributed and associated with heterochromatin
(Fig. 5C). In the giant cells with intranuclear inclusions,
immunogold particles were found within some of them
(Fig. 5D). In control cells incubated with non-immune serum,
positive labelling for F-actin was not found.

Discussion

It has been widely proven, both in vitro (31-33) and in vivo
(4), that DOX kills number of cell types via apoptosis.
However, recent results have shown that this drug may trigger
other cell response including senescence (7,34,35) and mitotic
catastrophe (7,8,34). Although seemingly confusing, data
presented in the cited papers clearly indicate dose-dependent
mechanism of action of the drug. Low doses of DOX induced
senescence and/or mitotic catastrophe whereas high doses
caused apoptosis (7,8,36). Along the same line, following
DOX treatment, we observed the occurrence of two cell
populations; one consisted of the giant mono- and multi-
nucleated cells typical of mitotic catastrophe (Fig. 3E, F, I-L)
and the other with morphological features characteristic of
autophagy or apoptosis (Fig. 3G, H; Fig. 4B). The former
was more evident after incubation with 0.5 μM and 1 μM
DOX, while 2.5 μM caused the appearance of cells with
extensive micronucleation and multiple autophagic vacuoles.
Together with increasing DOX doses, the loss of cytoplasmic
membrane integrity was found as indicated in Annexin V/PI
histogram (Fig. 1A-D). These results fully collaborated with
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Figure 4. Electron micrographs of CHO AA8 cells treated with DOX. (A) Non-treated cell; oval-shaped nucleus with evenly dispersed chromatin, multiple
mitochondria and electron-dense cytoplasm. Bar, 2 μm. (B) DOX 2.5 μM; micronuclei with electron-dense chromatin, intracellular area with vacuoles of
different sizes and electron-dense material. Bar, 4 μm. (C) DOX 0.5 μM; similar to autophagic vacuoles with degraded material. Bar, 3 μm. (D) DOX 1 μM;
nuclear shrinkage, chromatin margination. Bar, 2 μm.

655-663.qxd  19/1/2010  02:59 ÌÌ  Page 660



DNA fragmentation studies that showed dose-dependence,
with the greatest number of TUNEL-positive cells after
treatment with 2.5 μM DOX (Fig. 1I-L). Similarly, after
exposure to different DOX doses, Eom et al observed the
occurrence of cells with abnormal nuclear morphologies
indicative of mitotic catastrophe and shrunken, apoptotic
cells. What is more, the authors showed that cells undergoing
mitotic catastrophe were predominantly polyploid whereas
apoptotic cells were mostly subdiploid (7). Our findings
showed significant increase in hyperploid DNA content and
slight increase in subdiploid cell population after treatment
with all DOX doses (Fig. 1F-H). One of the possible
explanations of the described phenomenon is that CHO AA8
cells used in this study, lack functional p53 (37) that is
indispensable in many cell lines for DNA-damage induced
apoptosis (33,38,39). Accumulating evidence suggests that
p53-mutated cells with deficient cell cycle checkpoints are
able to initiate endocycles without intervening cytokinesis that
result in polyploidy and delayed cell death (13). What is more,
the giant cells with multilobulated nuclei have been shown to
arise not only from endocycling (13) but also from fusion of
daughter cells (40,41).

Autophagy serves protective function in cells preventing
them from entering apoptosis (14,42,43). It has been shown
that autophagy inhibition may precipitate apoptosis (42). On
the other hand, it is widely accepted that autophagy may
develop into a separate type of cell death defined by extensive
cytoplasmic vacuolization, lack of chromatin condensation
and massive accumulation of autophagic vacuoles (14).
Interestingly, recent studies have reported a kind of crosstalk

between autophagic and apoptotic cell death and revealed that
both processes may be simultaneously activated during cell
death. According to the authors, autophagic and apoptotic
pathways are closely connected and may be perceived as an
integrated cell death mechanism (15,43). In our study, 2.5 μM
DOX caused the appearance of cells with vacuoles, morpho-
logically similar to autophagic vacuoles, containing cellular
components. At the same time, we observed CHO AA8 cells
with characteristic apoptotic features. It is explained that
autophagy can serve as a ‘fail-safe’ mechanism (43); in certain
conditions promoting survival and in others participating in
cell death (43,44). Presumably, in our experimental conditions,
the cells initiated pro-survival mechanism - autophagy that,
because of irreversible damage, was followed by apoptosis, the
results found by others (45,46).

Actin is a conserved cytoskeletal protein, distributed
throughout the cell cytoplasm in monomeric (G-actin) and
filamentous (F-actin) forms. In the present study, we found
that following higher DOX doses CHO AA8 cells showed
apoptotic features including chromatin fragmentation into
apoptotic bodies. Notably, under our experimental conditions,
positive staining of F-actin in the apoptotic bodies was evident
(Fig. 3G). Similarly, Huot et al showed that in HUVEC cells
treated with H2O2 actin underwent HSP27-mediated poly-
merization and accumulation at cell periphery and at the
perimeter of the apoptotic blebs. The authors demonstrated
that the already formed blebs contained large amount of HSP27
and indicated that actin polymerization was indispensable for
plasma membrane blebbing (19). Analogous results were
obtained by Levee et al who found that F-actin accumulated
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Figure 5. Immunolabelling of CHO AA8 cells treated with DOX. (A) DOX 1 μM; immunogold particles are localized in the areas of chromatin condensation
within nuclei. Bar, 4 μm (B) DOX 2.5 μM; mononucleated CHO AA8 cell, immunogold particles are seen within marginated chromatin. Bar, 3 μm. (C) DOX
1 μM; immunogold particles are observed in the areas of condensed chromatin. Bar, 4 μm. (D) DOX 2.5 μM; CHO AA8 cell with cytoplasmic inclusions; in one
of them, immunogold particles are seen. Bar, 2 μm.
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in cell areas where apoptotic bodies were formed. The authors
indicated that reorganization of F-actin network is fundamental
for the proper formation of apoptotic bodies (20). What is
more, Suarez-Huerta et al reported that during apoptosis in
BAE cells F-actin underwent depolymerization (not
proteolysis) followed by the recovery of microfilamentous
network. Interestingly, actin filaments were observed at the
basis of apoptotic bodies and the application of cytochalasin
B or E prevented both membrane blebbing and development of
apoptotic bodies. The authors have suggested that continuous
actin reorganization is indispensable for maintaining the
dynamic process of apoptotic body formation (47).

In our previous studies, we showed that, in HL-60 and
K-562 cells undergoing apoptosis, actin is accumulated at
sites of chromatin condensation and presumably involved in
chromatin remodeling (24,48,49). Along the same line,
following ultraviolet radiation, we observed apoptotic CHO
AA8 cells exhibiting similar to above-mentioned actin
reorganization pattern (6). In this study, DOX induced non-
apoptotic cell response known as mitotic catastrophe,
characterized by the occurrence of the giant multinucleated
cells. Compared to control cells, the giant ones exhibited
extended network of fine microfilaments, well organized
bundles of F-actin and multiple stress fibers (Fig. 1M and O).
The results showing that the actin cytoskeletal assembly was
not inhibited suggest that essential cellular processes were
not severely affected. Similarly, Hasinoff et al reported that
CHO AA8 cells treated with dexrazoxane underwent multiple
cycles of DNA replication without cytokinesis. As a result,
multilobulated cells markedly increased in volume and ploidy
occurred. Actin cytoskeleton was well-preserved (50). The
results showing the existence of the undamaged network of
actin and tubulin filaments in CHO AA8 cells undergoing
mitotic catastrophe were demonstrated in our recent studies.
We have revealed that hyperthermia and Taxol treatment
resulted in appearance of the giant multinucleated CHO AA8
cells with the well organized network of fine filaments
(51,52). In this study, we demonstrate not only the
undamaged actin cytoskeleton in the undergoing mitotic
catastrophe large cells but also the presence of actin in their
multilobulated nuclei (Fig. 3E, I, K). To our knowledge we
are the first to demonstrate this phenomenon. The observation
was confirmed by fluorescence and electron microscopy, as
well as flow cytometry analysis that revealed the increase in
F-actin content following DOX treatment both in the whole
cells and isolated nuclei. These data confirm previous reports
(24,48,49) and provide further evidence for the role of actin in
the process of cell death and chromatin organization.

It has been suggested that a pool of nuclear actin is mainly
composed of G-actin (53). On the contrary, there are the studies
reporting the presence of F-actin in nuclei (54-56). Nuclear
F-actin was believed to be involved in virus replication in
AcMNPV-infected IPLB-Sf-21 cells (56). Recently, it has
been shown that in the nuclei of the living HeLa cells ≈20%
of the total actin pool had properties of F-actin. The FRAP
studies led the authors to discover only slight difference in
equilibrium between globular and filamentous form, present
in the cytoplasm and the nucleus. Moreover, the pool of
nuclear F-actin turned over faster compared to the cytoplasmic
actin pool (54). However, nuclear F-actin was unlikely to form

filaments similar to that found in the cytoplasm (29). Ye et al
convincingly demonstrated that polymeric actin in
conjunction with nuclear myosin I is required for trans-
cription, both in vivo and in vitro (57). Along the same line,
nuclear F-actin was shown to participate in binding of p53 to
the nuclear matrix that was increased after DNA damage.
These results suggest the involvement of F-actin in p53-
mediated cell response to DNA damaging factors (58). Based
on observation of F-actin in the nuclei of the dying CHO AA8
cells, we hypothesize that this protein is involved in chromatin
remodeling both in cells undergoing mitotic catastrophe and
apoptosis.

In summary, our results demonstrate that DOX treatment
led CHO AA8 cells to mitotic catastrophe that was followed
by apoptosis with signs of autophagic vacuolization. Activation
of cell death signaling pathway(s) correlated with the increase
in F-actin content in the nucleus. We hypothesize that, in
such cells, F-actin may be involved in chromatin remodeling.
Further study is necessary to better understand the function of
actin in the nuclei of dying cells. Taking into account that
the cytoskeleton serves as a potential target in cancer
therapy, the investigation of the relationship between actin
reorganization and cell death seems particularly important.
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