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Influence of taxol, microtubular poison, has been studied on distribution of actin. K-562 and HL-60 cells were treated
with taxol in a range of concentrations 0.02–10 µM for 72 hours. The reorganization of F-actin was dependent on its dose.
Phalloidin conjugated to TRITC was used to evaluate actin distribution by classical fluorescence and confocal microscopy.
Actin was visualized at ultrastructural level by using a postembedding streptavidin-gold method. The treatment of K-562
and HL-60 cells with 2–10 µM of taxol resulted in an increase of F-actin in the cytoplasm, with intense labeling as a ring
close to surface of the cell. In HL-60 cells a concentration of F-actin at the site of apoptotic bodies was often observed.
Immunogold labeling of actin was localized in the nuclei and cytoplasm in control cells and cells treated with all doses of
taxol. At higher doses, compaction of chromatin in the nucleus with strong actin labeling was observed. These observations
at the ultrastructural level suggest actin involvement in chromatin reorganization during the process of apoptosis. The pres-
ent study demonstrated a dose dependent reorganization of actin after treatment with taxol.
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Actin is one of the major constituents of the cytoskeleton
in eukaryotic cells and is functionally involved in cell loco-
motion, membrane ruffling and formation of lamellipodia
[1]. A large number of cellular processes, including cyto-
kinesis, endocytosis and chemotaxis are mediated by poly-
merization of actin filaments [2]. There are also reports on
actin involvement in apoptosis [3–10]. Although actin has
been studied extensively for decades, every well-defined role
found so far has been localized to the cytoplasm [11]. There
are also numerous reports on the presence of actin in the nu-
cleus but the role of actin in the nucleus is still unknown
[12–18]. Some observations suggest that actin and actin-re-
lated proteins play roles in chromatin remodeling and other
processes in the nucleus [11, 19–21]. ZHAO and colleagues
[21] demonstrated by purification of the mammalian
SWI/SNF-like BAF complex that β-actin was a component
of the complex in vivo. The observation showed that actin
might have a direct function in reorganization of chromatin
as a part of the SWI/SNF-like BAF complex. GONSIOR et al
[22] suggest that there is a structural difference between cyto-
plasmic and nuclear actin. Here, we used taxol (paclitaxel),
which enhances tubulin polymerization [23–25] and prevents

microtubule depolymerization and also cell death by
apoptosis or necrosis, dependent on drug concentration
[26–28]. It acts as a mitotic inhibitor blocking cells in the
G2/M phase of the cell cycle [26,29] and is an active cancer
chemotherapeutic agent used in a variety of human tumors
[30–33]. In our previous studies with other cytostatic drugs
we showed alterations in expression of actin especially in
HL-60 cells. These changes were dose-dependent and associ-
ated with characteristic features apoptosis. At the ultra-
structural level, there was increase of positivity for actin in
relation with blebbing, margination of nuclear chromatin and
bodies containing recognizable nuclear fragments [6, 7].
Actin and microtubules are tightly coordinated by number of
proteins, which are implicated in the interaction between
these systems [34]. Although, actin-targeted inhibitors are
currently not used in the clinic, this system is worthy of study
and could be considered in relation to anticancer drugs.

Material and methods

We studied the effect of various concentrations of taxol on
reorganization of actin in K-562 (ATCC, CCL 243) and
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HL-60 (ATCC, CCL 240) cell lines. For experimental stud-
ies, cells were diluted to 5x105 cells/ml and were grown in
RPMI 1640 medium supplemented with 10% foetal calf se-
rum and 20 µl gentamycin in a fully humidified atmosphere
of 5% CO2 at 37 °C. The cells were incubated with 0.02, 0.2,
2, 5, 10 µM of taxol (Sigma) for 72 hours. Control cells incu-
bated in absence of taxol were treated identically. Cell viabil-
ity was assessed by the trypan blue dye exclusion method.
F-actin filaments in cells were labeled with phalloidin conju-
gated to rhodamine (TRITC; Sigma) as previously described
[35]. Then cells were collected directly onto microscopical
slides using a cytocentrifuge and were fixed with 4%
paraformaldehyde for fluorescence microscopy. Then, they
were incubated in 2 µM rhodamine-phalloidin calcium and
magnesium free in phosphate-buffered saline (PBS-A) con-
taining 20% methanol for 20 min at room temperature in the
dark, rinsed twice in PBS-A and mounted in gelvatol
(Monsanto, USA). The organization of F-actin filaments was
examined with an Eclipse E600 microscope equipped with
Y-FL epifluorescence equipment (Nikon, Japan) and the nu-
cleus imaged by using confocal microscope (inverted micro-
scope, Nikon, Eclipse TE 300). Image analysis was per-
formed using Laboratory Universal Computer Image
Analysis for fluorescence microscopy and Lucia DI and EZ
2000 ver. 2.5 154 software for confocal microscopy. Mayer’s
hematoxylin was used to define apoptotic cells. The criteria
for apoptosis were: nuclear fragmentation, cell shrinkage
with the formation of membrane blebs and buds. To demon-
strate actin at the ultrastructural level, a postembedding
streptavidin-gold method was used. Cells were fixed in 4%
paraformaldehyde in PBS for 1 h at 4 °C. The cells were then
washed overnight in PBS at 4 °C. Dehydration was per-
formed in an ascending series of ethanol and embedding of
the cells was performed in LR White. Sections (60 nm thick)
were cut and placed on nickel grids (Sigma). The grids were
floated on a drop of nonimmune rabbit serum (Dako) for
20 min and then transferred onto drops of a 1:100 dilution of
a monoclonal anti-actin antibody (AC-40; Sigma). After in-
cubation with primary antibodies for 30 min, the grids were
rinsed in PBS. The grids were then exposed to biotinylated
rabbit anti-mouse immunoglobulins (Dako) diluted 1:100
and then again washed in PBS. Afterwards, the grids were
transferred onto drops of a 1:20 dilution of 10 nm gold parti-
cles conjugated to streptavidin (Sigma) and incubated for
30 min. The grids were then washed in PBS and dried. All in-
cubation steps were performed at room temperature. Control
specimens were incubated with nonimmune antiserum (nor-
mal mouse serum, Dako). The preparations were examined
using a transmission electron microscope JEM 100 CX
(JEOL, Japan) at 80 kV. Statistical analysis was performed by
using Levene’a and Kruskala-Wallisa test. Calculations were
carried out by using the computer program STATISTICA for
Windows 5.1.

Results

To examine the reorganization of F-actin in K-562 and
HL-60 cell lines, TRITC-phalloidin labeling was used. There
were not only changes in the reorganization of F-actin but
also in the morphology of the cells. Rearrangement of the
actin system was dependent on the dose of taxol in both cell
lines. We observed cells with disruption of F-actin micro-
filaments, but there were also cells with rather regular distri-
bution throughout the cytoplasm. The concentration of
F-actin as aggregates at the periphery, at the site of apoptotic
body formation, was often observed (Fig. 1a–d). The trans-
location of F-actin from periphery to the centre of cells was
also seen (Fig. 1 b,d). In a range of doses of 0.02–0.2 µM of
taxol, cells showed distribution of F-actin similar to that of
control cells. There was intense labeling of actin filaments in
the vicinity to the surface of cells in both lines (Fig. 2 a-d).
The treatment of K-562 with a range of concentrations of
2–10 µM of taxol resulted in a marked increase of F-actin la-
beling which was distributed throughout the cell. There were
cells with increased labeling not only at the surface of the cell
but also in the area of the nucleus. This localization was con-
firmed by confocal microscopy as seen in Figure 3. HL-60
cells treated with the range of concentrations of 2–10 µM of
taxol showed not only a number of cells with a concentration
of F-actin labeling distributed regularly in cytoplasm, but
also at the site of apoptotic body formations (Fig. 4). There
were shrinking cells with characteristic apoptotic morphol-
ogy. Diagram 1 shows that the mean percentage of viable
cells decreases significantly with the dose of taxol (p<0.001).
Actin was also visualized at the ultrastructural level by using
an immuno-gold technique. Immunogold labeling of actin
was observed in control cells and cells treated with all doses
of taxol in both cell lines. Labeling was localized in the nuclei
and the cytoplasm. Positivity for actin in the nuclei of the
cells treated with lower doses of taxol or control cells without
taxol was localized in the vicinity of the nuclear envelope,
probably in association with nuclear lamins (Fig. 5). There
were also gold particles scattered throughout the nucleus,
seemingly associated with the heterochromatin and around
the nucleolus (Fig. 6). Significant changes in the morphology
of the cells in both of the cell lines, but especially in the
HL-60 cells, occurred after treatment with taxol in a range of
concentrations between 2–10 µM. There was dilation of the
endoplasmic reticulum and the nuclear envelope. In the nu-
cleus, compaction and margination of chromatin with strong
labeling for actin was observed (Fig. 7). Positive labeling for
actin was not found in the controls treated with normal mouse
serum instead of primary antibody (Fig. 8).

Discussion

The cytoskeleton is a promising target for therapeutic in-
tervention and offers many opportunities in cancer treatment.
Actin filaments may be considered as novel targets for cancer
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therapy. There are a number of known inhibitors of micro-
tubules, including taxol and colchicines which are used in
cancer chemotherapy [36, 37] although currently, no
actin-targeted inhibitors that are considered as anti-cancer
drugs [36, 38] are used. It is well established that microtubule
and actin filament networks are linked both physically and
functionally. The present report and our previous studies [6,
7, 16, 35, 38–41] have tried to answer the question whether
cytostatic drugs have an influence on the reorganization of all

the main cytoskeletal proteins. In this report we have chosen
taxol, as the well known stabilizer of microtubule polymers,
which is a terpene compound obtained from the bark of Taxus

brevifolia. It is characterized by a strong affinity to tubulin
protein and a remarkable antitumor activity in vitro and in

vivo [42]. Here, we address the issue to find whether a stabi-
lizer of one system could have an effect on the organization
of the other filament system. BLANCAFLOR [43] observed that
taxol as a microtubule-stabilizing drug improved the quality
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Figure 1. K-562 cells treated with 2 µM (a) and 10 µM (b) taxol. F-actin

labeling is seen especially at the cell periphery and bright staining in the

centre of the cell is also observed (arrow). HL-60 cells cultured in the

presence of 2 µM (c) and 5 µM (d) of taxol. Labeling with rhodamine

conjugated to phalloidin reveals F-actin regularly distributed through-

out the cells with strong fluorescence at the surface of the cells. Strong

Figure 2. K-562 and HL-60 cells without taxol (a, c). K-562 cells (b) and

HL-60 (d) cells treated with 0.02 µM taxol. Labeling for F-actin is pres-

ent as a brightly fluorescent ring at the cell periphery. In the cytoplasm

F-actin labeling in a weak punctuate pattern can be observed. Bar

30 µm (a,c); Bar 20 µm (b,d).

Figure 3. Z-scan series through the K-562 cell treated with 2 µM taxol

with TRITC-phalloidin labeling for F-actin. The cell cortex is F-actin

rich and in some sections labeling in the nucleus can be very clearly ob-

served. Bar 20 µm.

Figure 4. HL-60 cells cultured with 10 µM taxol labeled with rhodamine

conjugated to phalloidin. Apart from cells with a regular distribution of

F-actin labeling throughout, there are shrinking cells with a strong con-

centration of F-actin labeling as aggregates at their surface. Bar 30 µm.



of the F-actin system by stabilizing the cortical actin net-
works. Both systems are tightly coordinated by a number of
protein which are implicated in the interaction between them
[34]. This may suggest that they respond in a coordinated
way to taxol although, the machinery responsible for the flow
of information between actin and tubulin has not been fully
elucidated. Here we showed that the activity of taxol was as-
sociated with the reorganization of F-actin dependent on its
dose. There was intense labeling of actin filaments in the vi-
cinity of the surface of cells treated with the range of doses of
0.02–02 µM of taxol in both cell lines. The treatment of
K-562 cells with concentrations 2–10 µM of taxol resulted in
a marked increase in F-actin labeling which was distributed
regularly throughout the cytoplasm with especially intense
labeling close to the surface of the cells. HL-60 cells which
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Diagram 1. The influence of taxol on mean percentage of viable cells.

Figure 5. Electron micrograph of K-562 cell cultured in 0.2 µM taxol.

Positivity for actin is present in the nucleus and in the cytoplasm. In the

nucleus, gold particles are localized close to the nuclear envelope and

scattered throughout the nucleus. Gold particles are particularly associ-

ated with heterochromatin. Magnification x 25 000.

Figure 6. HL-60 cell from the culture with 0.2 µM taxol showing gold

particles demonstrating actin around the nucleolus and associated with

heterochromatin. Magnification x 40 000.

Figure 8. Electron micrograph of an HL-60 cell showing the control re-

action with normal mouse serum instead of primary antibodies. Magni-

fication x 34 000.

Figure 7. A part of nucleus of an apoptotic HL-60 cell treated with

10 µM taxol with gold particles demonstrating actin in the margination

of nuclear chromatin and in nuclear fragments (arrows). Magnification

x 39 000.



are more susceptible to apoptosis, showed a concentration of
F-actin as aggregates at their periphery at the site of apoptotic
bodies and translocation of F-actin from the periphery to the
centre of cells. Immunogold labeling for actin was found to
be associated with compaction and margination of nuclear
chromatin in cells with morphological features of apoptosis,
as has been shown in other studies [6, 7, 44]. GANGEMI et al
[45] also observed the appearance of morphological features
consistent with the process of apoptosis in HL-60 cells
treated with taxol. However, a direct link between cyto-
skeletal disruption and subsequent apoptosis has not been es-
tablished yet, although there is a great deal of evidence that
actin filaments are cleaved during apoptosis [4, 8, 44, 46]. In
the present study, we have focused on the actin reorganiza-
tion after treatment with taxol, the active cancer chemothera-
peutic agent that acts on cells by tubulin system. We have
demonstrated a dose dependent reorganization of actin after
treatment with taxol and also our observations at the ultra-
structural level suggested actin involvement in chromatin re-
organization during the process of apoptosis. Studies on the
cytoskeleton suggest that the main cytoskeletal proteins may
represent an important target for chemotherapy. The actin
system is involved in cell motility and it seems to be an attrac-
tive target for the development of new anti-cancer drugs. The
review by RAO and LI [47] showed that so far there have been
no clinically proven drugs developed by targeting the inter-
mediate filaments and microfilaments. Understanding of the
rearrangement of the actin system in malignant cells and the
effort to find drugs targeting specifically to actin may help to
fight cancer in the future.
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