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Abstract
Kaposi’s sarcoma-associated herpesvirus (KSHV) infects a variety of human cells including cells of epithelial,
mesenchymal and endothelial origin. The latency associated nuclear antigen (LANA) of this virus regulates the
transcription of a number of viral and cellular genes essential for the survival of the virus in the host cell. TAp63α can
induce apoptosis in stressed cells by upregulating various death receptors and loss of mitochondrial membrane
potential. The present study demonstrates that LANA inhibits TAp63α-mediated apoptosis by a direct interaction
with each other. This interaction also results in a reduction in loss of mitochondrial membrane potential caused by
TAp63α. Therefore the present study indicates a possible mechanism of KSHV-infected cells to escape apoptosis
and facilitate survival.

Keywords: LANA; TAp63; KSHV; Apoptosis

Introduction
Kaposi’s sarcoma-associated herpesvirus (KSHV) or human
herpesvirus-8, a member of the gammaherpesvirus family, causes
mostly Kaposi’s sarcoma (KS), primary effusion lymphoma (PEL), and
multicentric Castleman’s disease (MCD) [1-3]. It is recognized as a
tumor virus but the complete mechanisms behind its tumorigenic
effects remains to be explored. Infection from this virus cannot
transform the primary endothelial cells but extends its survival,
induces angiogenesis and causes chromosomal instability. KSHV is
not capable of transforming mature B-cells also, but is required for the
survival of PEL cell lines which are derived from B-cell lymphoma. In
latently infected cells latency-associated nuclear antigen-1 (LANA) is
required for viral replication and segregation of the viral genome
during mitosis by tethering the viral genome to cellular chromatin.
Moreover, LANA interacts with many cellular proteins, including the
tumor suppressors p53 and pRb, and regulates the expression of
several cellular and viral genes [4-9].
p63 and p73 are two homologs of p53 and so all these three tumor
proteins belong to the same protein family. Although p53 is a wellknown tumor suppressor protein in mammalian cells, the roles of p63
and p73 are more diverse and include regulation of the cell cycle,
senescence, apoptosis and an involvement in neuronal development
[10-13]. All these three proteins share similar protein architecture with
some overlapping functions, and all have dual gene structures
generating multiple isoforms. In p63 and p73, internal promoters lead
to the expression of transcriptionally active as well as N-terminally
truncated (ΔN) isoforms that lack the transactivating (TA) domain
and act as dominant negative regulators of p53 and of p63 or p73
isoforms possessing the TA domain [10,14]. Among nearly 200
LANA-regulated cellular genes, seven are related to p53 signalling, and
the key regulator is mouse double minute-2 (MDM2), promoting
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ubiquitination and subsequent degradation of p53 [15-18]. In contrast,
MDM2 associates with p63 and inhibits its transcriptional activity by
preventing its acetylation by p300/CPB and subsequent activation
[19-20].
Many viral antigens antagonize p53 and/or p63 in human cancers;
examples include adenovirus E1B55K, SV40 large T-antigen, Tax23 of
HTLV-1 and the E6 and E7 proteins of HPV [21-26]. Unlike in the
majority of all cancers, p53 mutations are infrequent in KSHVassociated malignancies, and the role of p53 in KSHV-associated
pathogenesis appears to be complex. LANA interacts directly with p53
and represses p53-mediated transcriptional activity. Furthermore, p53
was reported to be ubiquitinated and degraded in the presence of
LANA. However, p53-mediated DNA damage signalling was reported
to be intact in PEL cells and activation of the p53 pathway using the
MDM2 small-molecule inhibitor Nutlin-3 caused specific activation of
apoptosis in PEL cells with wild-type p53. In PEL cells, LANA exists in
a complex with p53 and MDM2, which disintegrates upon activation
of p53 by DNA damage or treatment with the MDM2 inhibitor
Nutlin-3, thereby restoring the normal function of the p53 tumour
suppressor protein [5,27-30]. Here we investigate if LANA affects the
p53 family member p63 and we report that LANA interacts with
TAp63 isoforms and stabilizes them post-transcriptionally.

Materials and Methods
Cell culture
The adherent cell lines Saos-2 were grown in Dulbecco's modified
eagle medium (cat no.P04-20350). Growth mediums (Pan Biotech,
GmbH, Germany) were supplemented with 10% foetal bovine serum
(Australian origin), 20 unit/ml penicillin, and 100 μg/ml streptomycin
(Sigma). Cultures were maintained in a humidified incubator at 37°C
and 5% CO2.
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Plasmids
PA3M-LANA constructs encoding full-length LANA was obtained
from Erle S. Robertson, University of Pennsylvania, USA. The PCR
amplified p63 fragments were cloned in-frame with a Flag epitope.
(Gift from Gerry Melino, University of Rome, Italy).

Antibodies
The monoclonal antibodies mouse anti-myc (9E10), Mouse, rabbit
or goat antibodies to p63, Flag and β-actin were purchased from Santa
Cruz Biotechnology, Cell Signaling Technology or Imgenex India Ltd.
HRP conjugated mouse or rabbit polyclonal secondary antibodies
were purchased from above mentioned companies. Alexa-488 and 594
conjugated secondary antibodies used in immunofluorescence were
purchased from Invitrogen.
Transfection: Transient transfection of expression vector was done
with LipofectAMINE Plus reagent according to the manufacturer's
instructions (Invitrogen Inc) or by electroporation using a BioRad
Gene Pulser II electroporator. Ten million cells were collected, washed
once in phosphate buffered saline (PBS) and then resuspended in 400
µl of either DMEM or RPMI 1640 according to the cell type. Once
resuspended, the cells were transferred to 0.4 cm electroporation
cuvettes and electroporated. Following electroporation the cells were
plated in 10 ml of supplemented media and grown at 37°C with 5%
CO2 for 24 hours before harvesting. Transfections of siRNA were
performed according to the manufacturer's instructions (Invitrogen
Inc).
Immunoprecipitation and western blotting: Transfected cells were
harvested, washed in ice-cold phosphate buffered saline (PBS) and
lysed in 0.5 ml ice-cold radioimmunoprecipitation assay (RIPA) buffer
[0.5% NP-40, 10 mM Tris pH 7.5, 2 mM EDTA, 150 mM NaCl]
supplemented with protease inhibitor from Roche. Cellular debris was
removed by centrifugation (21000 g, 10 min, 4°C) and the supernatant
was transferred to a fresh tube. Approximately 5% of the lysate was
saved as an input control. Lysates were then precleared with isotype
control and then rotated with 30 μl of a 1:1 mixture of protein A- and
protein G-conjugated Sepharose beads for 1 h, at 4°C. Beads were spun
out and the supernatant was transferred to a fresh microcentrifuge
tube and approximately 5% of the lysate was saved for input control.
The protein of interest was captured by rotating overnight the
remaining lysate with 1 μg of specific antibody at 4°C. Complexes were
precipitated with 30 μl of 1:1 mixture of protein A- and protein GSepharose beads. The samples were washed three times with ice-cold
RIPA buffer, fractionated by SDS-PAGE and transferred onto a 0.45
μm nitrocellulose membrane for western blotting. The membranes
were probed with the appropriate primary antibodies followed by
incubation with appropriate HRP-tagged secondary antibodies. Then
the membrane was exposed to luminal reagent of Santa Cruz
Biotechnology and developed on X-ray film.
Immunofluorescence: Cells were grown onto slides and fixed using
a 1:1 mixture of acetone and methanol. After fixation cells were
washed three times in PBS and incubated in blocking buffer (PBS
supplemented with 0.1% Triton X 100 and 3% BSA) at room
temperature (RT) for 30 min. Primary antibodies were diluted in
blocking buffer and incubated with fixed cells for 1 h at RT. Cover
slips containing cells were washed three times with PBS and incubated
with appropriate secondary antibodies (1:2000) for 1 h at RT followed
by three times washes with PBS. Secondary antibodies used were goat
anti-human antibody Alexa Fluor 488 and goat anti-mouse antibody
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Alexa Fluor 594 from Invitrogen. The last wash contained 4′,6′diamidino-2-phenylindole (DAPI) for nuclear staining. Cover slips
were then washed in PBS and mounted using Prolong anti-fade.
Fluorescence was viewed by confocal microscopy.
Flow cytometry: Cells were cultured in 6-well culture plates. Cells
were treated or not for 24 hours with doxorubicin at 5 μM final
concentration and incubated for additional 24 hours. The presence of
apoptotic cells was detected by flow cytometry using propidium iodide
and FITC conjugated Annexin V double labelling according to
manufacturer’s instructions (BD Bioscience). Similarly, apoptosis in
transfected cells with different plasmid constructs were also
determined. For the assessment of mitochondrial transmembrane
potential, cells were incubated with doxorubicin for 24 hours and then
for an additional 15 min at 37°C in the dark with 40 nm DiOC6. Ten
thousand cells per sample were analyzed flow cytometrically for
DiOC6 fluorescence .
Statistical analysis: Graph Pad Prism (version 5.01) was used to
perform statistical analyses. Difference between means was analyzed
by ANOVA. A probability (p) value of <0.05 was considered to reveal
a significant difference. Data obtained in three separate experiments
were statistically analyzed by either 1way ANOVA and 2way ANOVA
followed by Tukey post-test and Boneferroni post-test respectively
according to the experiment. ***P<0.001, **P<0.01, *P<0.05, ΔP>0.05.

Results
Flow cytometric analyses of cells treated with doxorubicin
Cells were treated with doxorubicin for 24 hours and were analyzed
for apoptosis. Cells were stained with AnnexinV-FITC and Propidium
iodide for apoptosis analysis by FACS caliber. Control shows less than
5% cell death after 12 and 24 hours and a normal cell cycle distribution
pattern. TAp63α-transfected cells show near about 20% apoptosis
whereas the cells transfected with TAp63α-LANA constructs show
much less apoptosis (about 10%) (Figure 1).

Figure 1: TAp63α induced apoptosis inhibited by LANA. TAp63α
induces apoptosis of doxorubicin-treated cells within12 and 24 hrs.
Cells co-transfected with TAp63α and LANA shows less apoptosis
throughout the study period, indicating a significant increase in
viability of the cells by the presence of LANA (***P<0.001,
**P<0.01, *P<0.05, ΔP>0.05).
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Formation of bands in immunoprecipitation assays
Immunoprecipitation experiments were done in doxorubicintreated cells transfected with Myc-tagged LANA and Flag-tagged
TAp63α (Figure 2). Immunoprecipitation done with anti-Myc
antibody shows clear bands for Myc-tagged LANA transfected cells
(Figure 2. panel a). Similar bands are seen in immunoprecipitation
done with anti-Flag antibody in Flag-tagged TAp63α transfected cells
(Figure 2. panel b).

Figure 2: LANA forms a stable complex with p63. Cells transfected
either with Myc-tagged LANA or with Flag-tagged TAp63 show
similar bands in immunoprecipitation studies. a. Bands produced
by Anti-Myc antibody and b. bands produced by Anti-Flag
antibody. These data are the representative of three independent
experiments, suggesting an interaction between TAp63α and LANA
in the doxorubicin treated cells.

Co-localization study for LANA and p63
Co-localization studies for TAp63α and LANA were done in the
doxorubicin treated cells to further validate the interaction between
them (Figure 3). The cell nuclei were counterstained with DAPI for
demonstrating positional simulation. Flag-TAp63α was detected using
Flag antibody, followed by Alexa Fluor 594 (red) and Myc-LANA was
detected using Myc antibody followed by Alexa Fluor 488 (green). The
merged image shows co-localization of TAp63α and LANA.

Assessment of loss of mitochondrial membrane potential
Loss of mitochondrian membrane potential (ΔΨmMMP) in
TAp63α-mediated apoptosis is reported previously [30-32]. To
determine any reduction in such loss of MMP in cells possessing
LANA, DiOC6 fluorescence analysis was done as described earlier
[33]. Cells transfected with TAp63α alone and with both TAp63αand
LANA were analyzed flow cytometrically (Figure 4). As a positive
control of apoptosis, untreated cells (UC) which were treated with
doxorubicin only are used. Another group of Saos-2 cells (SC) with no
doxorubicin treatment and transfection were used as negative control
for apoptosis. After the DiOC6 treatment and following flow
cytometric analyses, it is seen that the percentage of viable cells is very
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low (less than 5%) in doxorubicin treated cells compared to the other
three groups of cells. In the SC group, the percentage of viable cells is
highest (~90%). In TAp63α-transfected cells, the percentage of dead
cells is lower than the UC group, but is much higher than the SC
group; and the percentage of viable cells is less than 60%. In the
TAp63α-LANA cotransfected cells, the percentage of viable cells is
higher than the TAp63α-transfected cells (~70%).

Figure 3: LANA co-localizes with p63 inside the nucleus. The nuclei
are counterstained using DAPI (blue), Alexa Fluor 594 (red) is used
for Flag-TAp63α and Alexa Fluor 488 (green) is used for MycLANA. The images were sequentially captured using confocal
microscope and are merged, as required. Presence of both TAp63α
(upper right panel) and LANA (upper left panel) in the nucleus is
confirmed by comparing with DAPI staining (lower left panel). Colocalization of TAp63α and LANA are confirmed by the merged
image (lower right panel) expressing a different color (yellow)
along with the colors of Alexa Fluor 594 (red) and Alexa Fluor 488
(green). These results indicate an interaction between TAp63α and
LANA and thus a role of LANA for modulating the activities of
TAp63α, thereby helping the cells escape apoptosis.

Discussions
LANA helps cells escape apoptosis
Doxorubicin treatment induces apoptosis in the treated cells by
upregulation of various apoptotic molecules. It has also been shown
previously that TAp63α plays a vital role in regulation of the cell cycle
and apoptosis via upregulation of such apoptotic molecules in cells
treated with chemotherapeutic agents like doxorubicin [10-13]. In our
study it has been found that TAp63α-transfected cells show increased
apoptosis compared to the control cells. Though the TAp63α-LANA
transfected cells still shows a higher percentage of apoptosis compared
to the control cells, interestingly, these cells show much less apoptosis
compared to the cells transfected with TAp63α only. These results
suggest that TAp63α induces apoptosis in doxorubicin-treated cells
within12 and 24 hours. These cells can escape apoptosis in the
presence of LANA which interferes with the TAp63α-mediated cell
cycle arrest by death receptor and/or mitochondrial pathways.
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TAp63α and LANA are merged, presence of a different color (yellow)
along with the colors of Alexa Fluor 594 (red) and Alexa Fluor 488
(green) is seen (Figure 3 lower right panel). This merged color helps us
to infer that co-localization of these two antigens is seen and this colocalization results from a direct interaction between them. These
results suggest a role of LANA for modulating the activities of TAp63α
and retard the TAp63α-mediated upregulation of apoptotic molecules,
thereby helping the cells escape apoptosis.

Reduction in loss of mitochondrial membrane potential
induced by TAp63α

Figure 4: LANA reduces the TAP63a induced MMP loss. Cells
tranfected with TAp63α alone and with both TAp63α and LANA
were flow cytometrically assessed for reduction in MMP loss by
DiOC6 fluorescence. The figure shows the representative results of
three independent experiments. After the DiOC6 treatment, the
percentage of viable cells is highest in doxorubicin-treated TAp63αLANA co-transfected cells compared to the other two groups of
doxorubicin-treated cells. It suggests that the TAp63α-mediated
loss of MMP may be reduced by the presence of LANA, indicating
another mechanism to prevent apoptosis in cells. p< 0.05 was
considered to reveal a significant difference.

Previous studies report that TAp63α-mediated apoptosis results
also form loss of mitochondrian membrane potential (ΔΨmMMP)
[30-32]. It is seen in our study that after the DiOC6 treatment, the
percentage of viable cells is highest in doxorubicin-treated TAp63αLANA cotransfected cells compared to the other two groups of
doxorubicin-treated cells. All these three groups show less viable cells
compared to the control Saos-2 cells (SC), as expected, because the
killing effects of the chemotherapeutic agent are not fully reverted by
LANA (Figure 4). These results suggest that the TAp63α-mediated
apoptosis caused by loss of ΔΨmMMP may be reduced by the
presence of LANA. LANA can interact with TAp63α and modulate its
activities, as reported above, thereby indicating a reduction of loss of
MMP as another mechanism to prevent apoptosis in cells.

Formation of a stable complex between LANA and TAp63α
results in decrease in apoptosis
Earlier studies show that TAp63α-mediated apoptosis in
doxorubicin-treated cells involves the upregulation of the CD95, TNFR and TRAIL-R death receptors. TAp63α also induces the
mitochondrial apoptotic pathway by upregulation of the proapoptotic
Bcl-2 family members like Bax and BCL2L11 and the expression of
RAD9, DAP3 and APAF1 [30-32]. Our study demonstrates a
reduction in apoptosis in doxorubicin-treated cells in the presence of
LANA, suggesting a direct interaction between LANA and TAp63α in
these stressed cells. To explore this, immunoprecipitation experiments
were performed and the results show clear bands for both Myc-tagged
LANA and Flag-tagged TAp63α transfected cells treated with
appropriate antibodies (Figure 2). Interestingly, the banding patterns
are similar in both the cells suggesting an interaction between TAp63α
and LANA in the doxorubicin treated cells which have escaped
apoptosis. Therefore it may be suggested that LANA alters the
activities of TAp63α which upregulates the apoptotic proteins
mentioned above and thus the cells can escape their programmed
death caused by chemotherapeutic stress due to doxorubicin
treatment.

LANA co-localizes with p63 inside the nucleus to alter the
activities of TAp63α
Co-localization studies for TAp63α and LANA shows the presence
of both these antigens in the nucleus of the doxorubicin-treated cells
(Figure 3 upper panels and lower left panel). When the images for
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Figure 5: Model depicting inhibitory action of LANA against
TAp63α-induced apoptosis. A) 9TAp63α upregulates various genes
needed for apoptotic pathways when chemotherapeutic agents are
present; and thus lead to apostosis. B) In KSHV infected cells, the
presence of LANA alters the activities of TAp63α by interacting
with it and leads to cell survival.

Conclusion
TAp63α and ΔNp63, the major isoforms of plays various roles in
development and cancers. Unlike its type-member of the family, the
p53 tumor suppressor, the p63 can suppress as well as induce
apoptosis depending upon other cellular conditions and treatment
with chemotherapeutic agents. The TAp63α isoforms can induce
apoptosis by inducing the expression of various death receptors and
proteins for loss of mitochondrial membrane potential (Figure 5 panel
a). As our study reports, it can interact directly with LANA, the
latency-associated nuclear antigen of KSHV and therefore plays a
major role in the survival of KSHV-infected cells (Figure 5 panel b).
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The results of the present study indicate a possible mechanism by
which the infected cells can escape apoptosis and thus can survive in
the diseased condition.
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