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Abstract 

Poly(ADP-ribose) polymerases are a family
of enzymes that catalyze the conversion of
NAD+ into ADP-ribose. Among them,
Tankyrases have been found to bind to centro-
some, mitotic spindle and microsome pro-
teins, in the cytoplasm, and to telomeres in
the nucleus, where they play a relevant role in
telomere metabolism. However, their precise
intracellular localization during interphase
has not been so far fully elucidated. We inves-
tigated this aspect in situ by double immuno-
fluorescence experiments using antibodies
recognizing Tankyrases 1-2 or other proteins
residing in specific organelles (Golgi appara-
tus, mitochondria, lysosomes, endoplasmic
reticulum). We used HeLa cells as a model sys-
tem in vitro, before and after treatment with
either actinomycin D or etoposide, to also
investigate the possible relocation of
Tankyrases during apoptosis. We observed
that Tankyrases are distributed both in the
nucleus and in the cytoplasm; in this latter
compartment, they were found to colocate
with the Golgi apparatus but never with the
mitochondria; a pool of Tankyrases also colo-
cates with the endoplasmic reticulum and
lysosomes. Interestingly, in cells with clear
signs of apoptosis, Tankyrases were detectable
in the cytoplasmic blebs: this suggests that
they are not massively cleaved during apopto-
sis and persist in the largely heterogeneous
apoptotic remnants which are known to con-
tain components of cytoplasmic and nuclear
origin.

Introduction 

Tankyrases (Tanks) 1 and 2 belong to the
poly(ADP-ribosylation) family enzymes1,2 and
are soluble proteins that can bind to
cytoskeletal, microsome and cytosolic pro-

teins.3,4 A small fraction of Tank 1 is localized
at telomeres, where it regulates the accessi-
bility of telomeric DNA to telomerase.5 Tank 1
is required for proper assembly of a bipolar
spindle, but not for spindle poles them-
selves.6 The majority of non-telomeric Tanks
reside in the cytosol at multiple loci includ-
ing centrosomes, Golgi complexes and
nuclear pore.7,8 Given their association to
membrane bound organelles, Tanks could
have additional non-nuclear functions as
scaffolding proteins regulating the formation
of large protein networks in the cytoplasm.9

Our knowledge on Tank subcellular localiza-
tion is still fragmentary. Taking into account
that the expression of these proteins is
upregulated in a variety of cancers,10-13 the
analysis of their level and localization could
be instrumental to investigate their possible
roles in cancer cells. The aim of the present
work was to apply multicolor immunofluores-
cence protocols to detect the intracellular dis-
tribution of Tanks. Moreover, we addressed
for the first time their dynamic relocation
during apoptosis. 

Materials and Methods 

Cell culture and treatments
Human HeLa cells (ATCC, Rockville, MD,

USA) were grown in 75 cm2 flasks in
Dulbecco’s modified Eagle’s medium
(DMEM) supplemented with 10% fetal bovine
serum, 1% glutamine, 100 U of penicillin and
streptomycin (Celbio, Pero, Italy) in 5% CO2

humidified atmosphere. Twenty-four hours
before the experiments, cells were seeded on
glass coverslips and processed for immuno-
fluorescence microscopy.

In order to induce apoptosis, the cells were
incubated with either 100 μM etoposide or 1
μg/mL actinomycin D for 20 h. After the treat-
ments, the samples were fixed with 4% for-
malin formalin for 30 min at 4°C and post
fixed with 70% ethanol for 24 h at -20°C.

Indirect immunofluorescence 
Samples were rehydrated for 15 min in

PBS and then immunolabeled with the anti-
bodies listed in Table 1. All the incubations
were performed at room temperature for 1 h.
Cells were then counterstained for DNA with
0.1 μg/mL of Hoechst 33258 (Sigma-Aldrich,
Milano, Italy) for 10 min, washed with PBS,
and mounted in a drop of Mowiol
(Calbiochem-Inalco, Milano, Italy) for confo-
cal microscopy. 

Confocal fluorescence microscopy
Confocal laser scanning microscopy was

performed with a Leica TCS-SP system
mounted on a Leica DMIRBE inverted micro-
scope. For fluorescence excitation, an Ar UV
laser at 364 nm was used for Hoechst 33258,
Ar visible laser at 488 nm for Alexa 488, and
He/Ne laser at 543 for Alexa 594. Spaced (0.5
μm) optical sections were recorded using a
63X oil immersion objective. Images were
collected in the 1024×1024-pixel format,
stored on a magnetic mass memory, and
processed by the Leica confocal software.

Results and Discussion 

The intracellular distribution of Tanks and
microfilaments has been investigated by
multicolor immunofluorescence experiments
simultaneously using an antibody recogniz-
ing Tanks 1-2, Alexa 488-conjugated phal-
loidin, and a final staining of nuclear DNA
with Hoechst 33258 (blue fluorescence). In
control HeLa cells, which displayed the typi-
cal pattern of the microfilament network
(green fluorescence), Tank labeling (red flu-
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orescence) was mainly confined to the cyto-
plasm, with few spots within the nucleus
(Figure 1a). 

To address the destiny of Tanks during
apoptosis, HeLa cells were incubated with
two known apoptogenic drugs,17 i.e. etoposide
(Figure 1b) and actinomycin D (Figure 1c).
Hoechst staining confirmed that cells were
undergoing apoptosis, with clear signs of
nuclear condensation and chromatin frag-
mentation (Figure 1b,c); moreover, apoptotic
cells proved to reorganize their cytoskeleton,
with fragmentation of the microfilament
bundles and the positivity for phalloidin
mainly confined to the peripheral cytoplas-
mic region (Figure 1b,c; green fluorescence).
Tanks 1-2 distribution in early apoptotic cells
was essentially restricted to the perinuclear
cytoplasmic region (Figure 1b,c; red fluores-
cence). In the advanced steps of the apoptot-
ic process, HeLa cells showed the typical
chromatin fragmentation and membrane
blebbing (Figure 1b,c; arrows), characterized
by the presence of Tanks within the blebs.
This observation indicates that during apop-
tosis Tanks aggregate in the form of large
spots and become components of the protein
complexes that are released at the cell sur-
face in the late apoptotic steps.18,19

To better explore the cytoplasmic distribu-
tion of Tanks, we performed an accurate
analysis of their possible colocalization with
some organelles, i.e. Golgi apparatus, mito-
chondria, endoplasmic reticulum and lyso-
somes. Figure 2 shows the double immuno-
fluorescence analysis of Tanks (red fluores-
cence) and the mitochondrial pyruvate dehy-
drogenase (green fluorescence). As expect-
ed, normal HeLa cells (panel a) showed a
cytoplasmic staining for mitochondria (green
fluorescence) that never overlaps with Tank
labeling (red fluorescence). In fact, confocal
microscopy fluorescence curves shown in
panels a’, a’’ of Figure 2, confirmed that
Tanks are not resident mitochondrial pro-
teins. In apoptotic cells (panel b), mitochon-
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Table 1. Primary and secondary antibodies used for multicolor immunofluorescence experiments.

Antigen Primary antibody Dilution Secondary antibody
(in PBS) (1:200 in PBS)

Tankyrases 1-2 Monoclonal antibody (Alexis) 1:20 Alexa 594-conjugated anti-rabbit IgG 
(Molecular Probes, Invitrogen)

Mitochondria Human autoimmune serum recognizing 1:200 Alexa 488-conjugated anti-human IgG 
mitochondrial pyruvate dehydrogenase14 (Molecular Probes)

Golgi apparatus Human autoimmune serum recognizing proteins 1:250 Alexa 488-conjugated anti-human IgG 
of Golgi apparatus15 (Molecular Probes)

Lysosomes Human autoimmune serum recognizing lysosomal 1:200 Alexa 488-conjugated anti-human IgG 
proteins (IRCCS San Matteo, Pavia, Italy) (Molecular Probes)

Endoplasmic reticulum Human autoimmune serum recognizing 1:200 Alexa 488-conjugated anti-human IgG 
endoplasmic reticulum proteins16 (Molecular Probes)

Microfilaments Alexa 488-conjugated phalloidin 1:40 Molecular Probes

Figure 1. Confocal images of HeLa cells after immunolabeling for Tanks 1-2 (red fluores-
cence) and microfilaments (green fluorescence): a) control cells; b) cells treated with 100 µM
etoposide for 20 h; c) cells treated with 1 µg/mL actinomycin D for 20 h. Arrows in b, c:
apoptotic cells. DNA was stained with Hoechst 33258 (blue fluorescence). Scale bar: 20 µm.

Figure 2. Confocal optical sections after immunolabeling for Tanks (red fluorescence) and
mitochondria (green fluorescence): a) control HeLa cells; b) cells treated with 100 µM etopo-
side for 20 h. DNA was counterstained with Hoechst 33258 (blue fluorescence). Lines in a,
b represent the region where fusion of green/red fluorescence was measured. Upper (a’,b’) and
lower (a’’,b’’) panels refer to green and red fluorescence, respectively. Scale bar: 20 µm.
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dria appeared to be condensed, and form
large aggregates within the cytoplasm; in
this condition too, Tanks never colocalized
with mitochondria (Figure 2b’,b’’). 

The double immunofluorescence analysis
for Tanks and Golgi proteins revealed that
both antigens colocalize in control HeLa cells
(Figure 3a’,a’’) as well as in early (Figure 3b,
arrow) and late (Figure 3b, asterisk) apoptot-
ic cells, where Tanks and Golgi proteins were
observed within apoptotic blebs (Figure
3b’,b’’: early apoptosis; Figure 3b’’’,b’’’’: late
apoptosis). 

Figure 4 shows non-apoptotic (a) and
apoptotic (b) HeLa cells probed for Tanks
(red fluorescence) and the endoplasmic
reticulum (green fluorescence). In both sam-
ples, the colocalization of Tanks and the
endoplasmic proteins was visible, even with-
in apoptotic blebs (Figure 4a’,a’’; Figure
4b’,b’’). Finally, we found that a pool of Tanks
colocates with lysosomal proteins in control
cells (Figure 5a,a’,a’’). Remarkably, during
apoptosis (Figure 5b) there was a size reduc-
tion and aggregation of lysosomes in the
cytoplasm, and only a fraction of lysosomes
appeared to be labeled for Tanks (Figure
5b’,b’’). 

Our results increase the knowledge on the
intracellular localization of Tanks. More pre-
cisely, we focused on the protein fraction res-
ident within the cytoplasm, which was so far
less investigated. We demonstrated for the
first time that Tanks 1-2 (or different pools of
these proteins) not only associate with Golgi
apparatus, as already shown,8 but also with
other organelles, i.e. endoplasmic reticulum
and lysosomes, which all belong to the vacuo-
lar structure of the cells. In this respect, the
evidence that Tanks do not colocate with
mitochondria is not surprising.

The observation that Tanks can be detect-
ed within apoptotic blebs is also original and
novel, and suggests that these proteins do
not undergo complete proteolytic cleavage
during apoptosis. Thus, Tanks represent
additional constituents of apoptotic blebs
which are known to contain a plethora of het-
erogeneous cytoplasmic and nuclear aggre-
gates of proteins and nucleic acids to be
extruded from the dying cell,19,20 including
another member of the poly(ADP-ribose)
polymerase family, PARP-1.21,22

Taking into account that similar results
have been obtained in HeLa cells driven to
apoptosis with either etoposide or actinomy-
cin D (i.e., with drugs that induce apoptosis
through completely different mechanisms),
it is tempting to speculate that our observa-
tions may reflect a general phenomenon; this
point needs however to be confirmed by fur-
ther analyses performed on other cell lines.
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Figure 3. Confocal optical sections after immunolabeling for Tanks (red fluorescence) and
Golgi apparatus (green fluorescence): a) control HeLa cells; b) cells driven to apoptosis by
a treatment with 100 µM etoposide for 20 h (arrow: early; asterisk: late apoptotic cells).
DNA was counterstained with Hoechst 33258 (blue fluorescence). Lines in a and b repre-
sent the region where fusion of green/red fluorescence was measured. Upper (a’,b’,b’’’) and
lower (a’’,b’’,b’’’’) panels refer to green and red fluorescence, respectively. Scale bar: 20 µm.

Figure 4. Confocal optical sections after immunolabeling for Tanks (red fluorescence) and
endoplasmic reticulum (green fluorescence): a) control HeLa cells b) cells treated with 1
µg/mL actinomycin D for 20 h. DNA was counterstained with Hoechst 33258 (blue flu-
orescence). Lines in a and b represent the region where fusion of green/red fluorescence
was measured. Upper (a’,b’) and lower (a’’,b’’) panels refer to green and red fluorescence,
respectively. Scale bar: 20 µm.
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Figure 5. Confocal optical sections after immunolabeling for Tanks (red fluorescence) and
lysosomes (green fluorescence): a) control; b) HeLa cells after treatment with 1 µg/mL
actinomycin D for 20 h. DNA was counterstained with Hoechst 33258 (blue fluores-
cence). Lines in a, b represent the region where fusion of green/red fluorescence was meas-
ured. Upper (a’,b’) and lower (a’’,b’’) panels refer to green and red fluorescence, respective-
ly. Scale bar: 20 µm.


