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PBK attenuates paclitaxel-induced autophagic cell death
by suppressing p53 in H460 non-small-cell lung cancer
cells
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PDZ-binding kinase (PBK) has previously been shown to mediate
chemoresistance of cancer cells to anticancer drugs. However, it remains
unclear how PBK regulates paclitaxel-induced cancer cell death. Here, we
demonstrate that PBK hinders paclitaxel-mediated autophagic cell death in
H460 non-small-cell lung cancer cells. PBK knockdown increased apopto-
sis, autophagy, p53 level, and LC3 puncta upon paclitaxel treatment.
Moreover, p53 expression facilitated an increase in the LC3-1I/LC3-I ratio
in response to paclitaxel, and PBK knockdown augmented paclitaxel-
mediated p53 transcriptional activity. Meanwhile, paclitaxel induced PBK-
mediated p53 nuclear export and its subsequent ubiquitination in control
cells, but not in PBK knockdown cells. We conclude that PBK hampers
paclitaxel-induced autophagic cell death by suppressing p53, suggesting a
potential role of PBK in p53-mediated H460 cell death.
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Paclitaxel, a natural product extracted from the bark
of the Pacific Yew (Taxus brevifolia), has been com-
monly used as chemotherapeutic agent for a variety of
cancer including breast, ovarian, and non-small-cell
lung cancer, bladder, head and neck, prostate,
nasopharyngeal carcinoma, and esophageal cancers [1—
3]. It has been shown that paclitaxel binds to beta-
tubulin, promotes microtubule stability, and inhibits
microtubule disaggregation leading to cell death by cell
cycle arrest in M phase [4]. Meanwhile, cyclin-depen-
dent kinase-1 (Cdkl)/cyclin Bl was shown to be acti-
vated by continuous M phase in paclitaxel treatment

Abbreviations

[5,6]. In addition, paclitaxel is known to result in
apoptosis either via Raf-1 kinase activation or tumor
suppressor p53 depending on the dose concentration
[1,7-9]. In addition, it has been suggested that pacli-
taxel induces autophagy [10,11]. However, correlation
between paclitaxel-induced apoptosis and autophagy
remains to be unclear. Autophagy plays a key role in
maintenance of cellular homeostasis and cell viability
under various stresses [12]. Generally, autophagy is
known to eliminate protein aggregates and damaged
mitochondria. However, prolonged autophagy can
induce cell death via inordinate self-digestion or

AMPK, AMP-activated protein kinase; CDK, cyclin-dependent kinase; FIP200, FAK family-interacting protein of 200 kDa; LC3, microtubule-
associated protein 1A/1B-light chain 3; MAPK, mitogen-activated protein kinase; Mdm2, mouse double minute 2 homolog; mTOR,
mammalian target of rapamycin; PARP, poly (ADP-ribose) polymerase; PBK, PDZ-binding kinase; siRNA, small interfering RNA; TRAIL, TNF-

related apoptosis-inducing ligand.
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activation of apoptosis. Several studies have suggested
that survival autophagy occurs in response to starva-
tion and some chemotherapeutic drugs involving
tamoxifen or cisplatin [13-15]. Meanwhile, autophagic
cell death has been shown to occur in response to
hypoxia, oxidative stress, radiation, lipopolysaccharide
(LPS), and some chemotherapeutic drugs involving
rapamycin and endostatin [16-20]. Several reports
demonstrate that nuclear p53 potentiates autophagy
[13,21,22]. On the other hand, cytoplasmic p53 is
known to suppress autophagy. That is, p53 has dis-
tinct role depending on its subcellular localization,
cytoplasm, or nucleus [23-25]. However, the autop-
hagy mechanism regulated by p53 is not yet clear.

PDZ-binding kinase (PBK) is highly expressed in
many cancer cells and is known as MAPKK-like pro-
tein kinase [26-30]. Functionally, PBK has been shown
to function as an upstream effector for p38 mitogen-ac-
tivated protein kinase (MAPK), MKPI1, and peroxire-
doxin 1 (Prxl) [26,31,32]. Moreover, both JNKI in
UVB-mediated cell transformation and ERK2 during
tumorigenesis were upregulated by upstream Kkinase
PBK [33,34]. In addition, expression of PTEN known
as suppressor in PI3K-AKT signaling pathway is
blocked by PBK. The cyclin B1/Cdkl acts an upstream
molecule for PBK during mitosis, thereby promoting
cytokinesis [27,35]. It has been suggested that PBK
binds to DNA-binding domain on p53 and represses
p53 transcriptional activity, leading to a decrease in
DNA damage-induced apoptosis through reduction of
p21 expression [36]. We previously reported that PBK
confers TRAIL or doxorubicin resistance to HelLa cer-
vical cancer cells by regulating IxBa phosphorylation
[37,38].

We first reveal that PBK is a novel target molecule
in paclitaxel-mediated signaling to induce autophagic
cell death. We also demonstrate that PBK is phospho-
rylated on Thr9 residue and p53 expression is
increased in response to paclitaxel, and that p53 plays
a key role in paclitaxel-induced autophagy. Moreover,
we indicate that in the presence of PBK, p53 nuclear
export and subsequent Mdm2-mediated ubiquitination
occur during paclitaxel treatment. These findings pro-
vide evidence that PBK plays a key role in paclitaxel
induction of p53-mediated autophagic or apoptotic cell
death of non-small-cell lung cancer cells.

Materials and methods

Cell culture and reagents

Human embryonic kidney 293 (HEK 293) cells and
human non-small-cell lung carcinoma (H460) cells were
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purchased from American Type Culture Collection
(ATCC, Manassas, VA, USA). HEK293 or H460 cell line
was maintained in DMEM or RPMI 1640 supplemented
with 10% FBS, 2 mm r-glutamine, and 1% penicillin/
streptomycin, respectively. Paclitaxel, bafilomycin Al, nut-
lin-3, anti-LC3 antibody, and anti-B-actin antibody were
purchased from Sigma (St. Louis, MO, USA). Z-VAD-
FMK was purchased from Selleckchem (Houston, TX,
USA). HI-PBK 032 was purchased from Tocris Bioscience
(Bristol, UK). Anti-PBK, anti-p53, and anti-Mdm2 anti-
bodies were purchased from Abcam (Cambridge, MA,
USA). Anti-p-PBK (Thr-9) and anti-cleaved PARP anti-
bodies were purchased from Cell Signaling Technology,
Inc. (Beverly, MA, USA). Anti-GFP and anti-HA anti-
bodies were purchased from Santa Cruz Biotechnology,
Inc. (Santa Cruz, CA, USA). Alexa Fluor® 488 goat anti-
rabbit IgG, Alexa Fluor® 594 goat anti-rabbit IgG, Alexa
Fluor® 488 goat anti-mouse IgG, and Alexa Fluor® 594
goat anti-mouse IgG antibodies were purchased from
Thermo Fisher Scientific (Waltham, MA, USA). Transfec-
tion reagents, Effectene, or Lipofectamine 3000 were pur-
chased from Qiagen, Inc. (Valencia, CA, USA) or
Invitrogen (Grand Island, NY, USA), respectively.

Plasmids and transfection

PBK siRNA or control siRNA construct was as described
previously [37]. pGL2-p21 promoter-Luc was a gift from
M. Walsh (Addgene plasmid #33021) [39]. pGL2-356bp
was a gift from W. El-Deiry (Addgene plasmid #16292)
[40]. pcDNA3 MDM2 WT was a gift from M.-C. Huung
(Addgene plasmid #16233) [41]. pRKS-HA-Ubiquitin-WT
was a gift from T. Dawson (Addgene plasmid #17608) [42].
P53-GFP was a gift from G. Wahl (Addgene plasmid
#11770). GFP-LC3 was a gift from J. Debnath (Addgene
plasmid #22405). 293 or H460 cells growing on 100-mm
dishes were transfected with each of plasmid using Effec-
tene or Lipofectamine 3000 according to the manufac-
turer’s instructions. Twenty-four after transfection, cells
were lysed, and cell lysate was subjected to immunoblotting
or immunoprecipitation.

Immunoblotting and immunoprecipitation

For immunoblot analysis, 30 pg of each total cell lysate
was resolved on SDS/PAGE, probed with each antibody,
and images were achieved with SuperSignal West Pico
Chemiluminescent Substrate (Pierce Biotechnology, Inc.,
Rockford, IL, USA) and X-ray film. For immunoprecipita-
tion, 500 pug of total cell lysate was incubated with indi-
cated antibody and protein agarose beads at 4 °C for 2 h
using rocker. The beads were washed, mixed with sample
buffer, boiled for 5 min, and subjected to 10% SDS/PAGE
and then immunoblotting.
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Luciferase assay

Stable control siRNA cells or PBK siRNA cells growing
on six-well plates were transfected with each 1 pug of p53 or
p21 promoter linked to luciferase reporter plasmids plus
0.5 pg of the pRL-SV40 gene using Lipofectamine 3000.
Twenty-four after transfection, cells were treated with pacli-
taxel for 24 h, harvested, and then lysed. Firefly and
Renilla luciferase activities were measured and normalized
using cell lysate.

Confocal microscopy

Control cells or PBK knockdown cells growing on six-well
plates were transfected with GFP-p53, GFP-LC3, or V5-
PBK constructs using Lipofectamine 3000. Twenty-four
after transfection, cells were treated with paclitaxel for indi-
cated time. Paclitaxel-treated cells were fixed in 4%
paraformaldehyde for 15 min at room temperature, and
then washed with ice-cold PBS. Next, cells were permeabi-
lized with 0.25% Triton X-100 and then blocked with 1%
BSA for 30 min at room temperature. Fixed cells were
incubated with primary antibodies during overnight at
4 °C, washed, and then stained with 1 : 200 diluted Alexa
Fluor 488 or 594 antibodies. Nuclei were counterstained
with 4',6-diamidino-2-phenylindole dihydrochloride
(DAPI). Images were acquired using confocal microscopy.

Flow cytometry analysis

Briefly, control cells or PBK knockdown cells growing on
60-mm dishes at a density of 2 x 10° cells were treated
with each inhibitor, Z-VAD-FMK or nutlin-3, for 2 h, and
then, paclitaxel was added. After incubation, apoptosis was
analyzed with flow cytometry (FACSCalibur, BD Bio-
sciences, San Jose, CA, USA) using the Annexin V-FITC
and propidium iodide according to the manufacturer’s
instruction (Thermo, Waltham, MA, USA).

Cell viability assay

Cell viability was determined via 2-(2-methoxy-4-nitro-
phenyl)-3-(4-nitrophenyl)-5-(2,4-disulfophenyl)-2H-tetra-
zolium (WST-8) assay. Control or PBK knockdown of
NCI-H460 cells was seeded in 96-well plates at 5 x 10°
cells/well. After 24 h, the cells were treated with inhibitors,
such as HI-PBK 032, bafilomycin Al, or Z-VAD-FMK,
incubated for 2 h, after which 10 pL of WST-8 was added
to each well and incubated for 4 h at 37 °C, and then, the
absorbance was determined at 450 nm.

Colony-forming assay

A transformation assay of H460 cells was carried out.
Briefly, H460 cells were seeded in 6-well plates at a density
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of 1 x 10* cells. After 24 h, cells were treated with inhibi-
tors, such as Z-VAD-FMK, bafilomycin Al, or nutlin-3
during 2 h, and then, paclitaxel was added for 24 h. Foci
were stained with 0.5% crystal violet, and then, the number
of colonies was counted under a microscopy.

Statistical analysis

Results are indicated as the mean =+ standard deviation
(SD) for at least three independent experiments in dupli-
cates. Statistical analysis was done by two-tailed Student’s
t-test or one-way ANOVA. P values less than 0.05 were
considered as significant.

Results

Depletion or inhibition of PBK increases
paclitaxel-induced H460 cell death

We have suggested that PBK plays a key role in
TRAIL or doxorubicin resistance of human HeLa cer-
vical cancer cells [37,38]. In this report, we first asked
whether expression or activity of PBK affected one of
the anticancer drugs, paclitaxel-induced death of non-
small-cell lung cancer cell line H460. H460 cells were
treated with paclitaxel plus vehicle, DMSO, or PBK
inhibitor, HI-TOPK 032 for indicated time, respec-
tively. Also, cells were transfected with control siRNA
or PBK siRNA, and treated with paclitaxel 48 h after
transfection. As expected, cell viability was decreased
in response to paclitaxel in time-dependent manner
(Fig. 1A). Interestingly, PBK inhibitor or PBK siRNA
promoted paclitaxel-induced cell death. This finding
indicated that PBK might play a pivotal role in
chemoresistance against paclitaxel in non-small-cell
lung cancer cells. We next generated stable PBK
knockdown H460 cells using PBK siRNA. The desired
clone (clone #1) was selected and used for further
experiments (Fig. 1B). Paclitaxel treatment of stable
PBK knockdown cells resulted in much more increase
in cleaved poly (ADP-ribose) polymerase (PARP),
compared with control knockdown cells (Fig. 10),
suggesting involvement of PBK in paclitaxel-mediated
apoptotic pathway. Meanwhile, paclitaxel induced
phosphorylation on threonine 9 residue of PBK in
control knockdown cell but not PBK knockdown cells
time-dependently (Fig. 1D). CDKl/cyclin Bl in M
phase of cell cycle is known to act as an upstream
effector that phosphorylates threonine 9 residue of
PBK [43]. Also, paclitaxel has been suggested to acti-
vate CDKl/cyclin Bl [44,45]. Together, paclitaxel-in-
duced phosphorylation on threonine 9 residue of PBK
might be due to activated CDKl/cyclin BI. It is
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reported that PBK binds to p53 and suppresses p53
expression [36]. We found that endogenous p53 level
was greatly increased by paclitaxel treatment in PBK
knockdown cells, compared with control cells
(Fig. 1D), suggesting PBK’s regulatory role in p53
expression in response to paclitaxel.

PBK knockdown augments paclitaxel-induced
autophagic cell death

We next examined whether paclitaxel-mediated cell
death depends on caspase-mediated apoptosis. Control
cells or PBK knockdown cells were treated with pacli-
taxel alone or paclitaxel plus pan-caspase inhibitor, Z-
VAD-FMK. Unexpectedly, the cell viability was a lit-
tle restored by caspase inhibitor (Fig. 2A). We ques-
tioned whether autophagy is responsible for paclitaxel-
mediated cell death. The cells were treated with pacli-
taxel alone or paclitaxel plus autophagosome inhibitor,
bafilomycin Al. Interestingly, autophagosome inhibi-
tor considerably improved the cell viability (Fig. 2A).
These results showed that paclitaxel-induced cell death
relies on autophagy and apoptosis. We next investi-
gated the effect of paclitaxel on expression of autopha-
gic marker LC3. GFP-LC3 construct was transfected
into control cells or PBK knockdown cells, treated
with combination of paclitaxel or bafilomycin Al. As
shown in Fig. 2B, LC3 puncta was increased in PBK
knockdown cells, compared with control cells. Bafilo-
mycin Al enhanced the LC3 puncta. These findings
demonstrate that PBK ablation promotes paclitaxel-
mediated autophagic cell death.

PBK alleviates paclitaxel induction of p53-
mediated autophagy and negatively regulates
p53 function

p53 is well known to be tumor suppressor and regu-
late apoptosis in cancer cells treated with anticancer
drugs such as paclitaxel, cisplatin, and doxorubicin.
In addition, it has been suggested that p53 regulates
autophagy in oncogenic stressed cancer cells
[13,21,22]. We next investigated the effect of pS5S3 on

J.-H. Park et al.

paclitaxel-induced autophagy. Control cells or PBK
siRNA cells were transfected with empty vector or
GFP-p53, and then incubated with DMSO or pacli-
taxel for 24 h. The results showed that exogenous
expression of p53 significantly elevated amount of
LC3-II itself and paclitaxel-induced LC3-II, and that
depletion of PBK enhanced paclitaxel induction of
pS53-mediated autophagy (Fig. 3A). On the other
hand, PBK was shown to bind to p53 and suppress
p53 expression [36]. Based on this report, we explored
whether PBK could associate with p53 and regulate
pS53 transcriptional activity in response to paclitaxel.
To examine the interaction between PBK and pS53,
H460 cells were transfected with GFP-p53 construct
and incubated with paclitaxel or DMSO for indicated
time. The results indicated that paclitaxel considerably
increased the association of PBK with p53 (Fig. 3B).
Also, control cells or PBK siRNA cells were trans-
fected with p53 promoter or p53 target, p2l pro-
moter-driven luciferase reporter construct, and treated
with paclitaxel or DMSO for 12 or 24 h. As
expected, p53 or p2l transcriptional activity induced
by paclitaxel was substantially increased in PBK
knockdown cells compared with control cells
(Fig. 3C). Together, these findings demonstrate that
PBK can interact with p53 and negatively regulate
p53 expression or activity, leading to a decrease in
pS53-mediated autophagy in response to paclitaxel.

PBK mediates paclitaxel-induced p53
ubiquitination

As shown in Fig. 3, PBK interacted with p53 and alle-
viated p53 promoter activity. These findings might be
due to p53 degradation that is mediated by PBK.
Therefore, we next investigated whether p53 ubiquiti-
nation occurs in response to paclitaxel and depends on
PBK. 293 cells were transfected with HA-ubiquitin
construct together with GFP-p53 construct, and then
treated with paclitaxel or DMSO. Paclitaxel treatment
resulted in a dramatic increase in p53 ubiquitination
(Fig. 4A). Also, HA-ubiquitin construct plus GFP-p53
construct were expressed in control cells or PBK

Fig. 1. Inhibition of PBK expression or activity promotes paclitaxel-induced H460 cell death. (A) H460 cells were treated with DMSO and
0.1 pg-mL~" of paclitaxel alone or together with HI-TOPK 032 (3 um) for indicated time, or were transfected with control siRNA or PBK
siRNA, and then incubated with paclitaxel. Cell viability was measured by WST-1 cell proliferation assay. (B) Control siRNA cells (Con) or
stable PBK siRNA cells (1, 2, 5 clones) were established using G418. Immunoblotting was done to verify PBK expression. (C) Control siRNA
cells or stable PBK siRNA cells were treated with DMSO or paclitaxel (0.1 pg-mL~") for 12 or 24 h. Immunoblot analysis was performed
using PBK or cleaved PARP antibody. (D) Control siRNA cells or stable PBK siRNA cells were incubated with DMSO or paclitaxel
(0.1 pg-mL~") for indicated time. Cell lysates were subjected to immunoblotting using indicated antibody. Endogenous B-actin level was
used for loading control. Representatives of three independent experiments are shown. *P < 0.05; **P < 0.01; and ***P < 0.001 compared

to controls. Statistical analysis was done by two-tailed Student’s t-test.
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Fig. 2. Depletion of PBK increases autophagic cell death in response to paclitaxel. (A) Control siRNA cells or PBK siRNA cells H460 cells
were treated with DMSO, and paclitaxel (0.1 ug-mL~") alone or in combination with Z-VAD-FMK (50 um) or bafilomycin A1 (100 nm) for
24 h, and then, cell viability was examined. (B) Control cells or PBK knockdown cells were transfected with GFP-LC3 construct. Twenty-
four hours after transfection, cells were incubated with paclitaxel (0.1 pg-mL~") alone or paclitaxel plus bafilomycin A1 (100 nm) for 24 h.
GFP-LC puncta (green) was observed by confocal microscopy. Scale bar, 20 um. Representative images of 63x magnification from three
independent experiments are indicated. *P < 0.05; **P < 0.01; and ***P < 0.001 compared to controls. N.S, nonsignificant. Statistical

analysis was performed by one-way ANOVA.
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Fig. 3. PDZ-binding kinase diminishes p53-mediated both autophagy and transcriptional activity induced by paclitaxel. (A) Control siRNA cells
or PBK siRNA cells were transfected with GFP-p53. Twenty-four hours after transfection, cells were treated with DMSO or paclitaxel
(0.1 pg-mL~") for 24 h. Cell lysates were subjected to SDS/PAGE and immunoblotting using indicated antibody. Representatives of three
independent experiments and graph for quantitation are shown. (B) H460 cells were transfected with GFP-p53 construct. Twenty-four hours
after transfection, cells were incubated with DMSO or paclitaxel (0.1 pg-mL~") for indicated time. Immunoprecipitation using PBK antibody
and protein A/G plus-agarose bead was done, and then, immunoblotting was performed using GFP antibody. GFP-p53 expression or
endogenous PBK level was confirmed using cell lysate. (C) Control siRNA cells or PBK siRNA cells were transfected with p53 (p53-LUC) or
p21 promoter (p27-LUC)-driven luciferase reporter constructs plus pRL-SV40 gene. Twenty-four hours after transfection, cells were
incubated with DMSO or paclitaxel (0.1 pg-mL~") for 24 h. Firefly luciferase activity was normalized against Renilla luciferase activity.
*P < 0.05; **P<0.01; and ***P < 0.001 compared to controls. Results are indicated as the mean + standard deviation for at least three
independent experiments in duplicates. Statistical analysis was performed by two-tailed Student’s t-test.
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siRNA cells, and then incubated with paclitaxel or
DMSO for indicated time. Interestingly, paclitaxel-
induced p53 ubiquitination was greatly abolished in
PBK knockdown cells (Fig. 4B). It is well known that
cytoplasmic p53 located in cytoplasm suppresses
autophagy, while nuclear p53 that remains in nucleus
increases the expression of autophagy-related proteins
leading to autophagy [23,25]. Based on these previous
reports, we explored subcellular localization of p53 in
control cells or PBK knockdown cells during paclitaxel
treatment. Confocal microscopy data demonstrated
that paclitaxel treatment of control cells for 8 h
induced translocation of GFP-p53 from nucleus to
cytoplasm where p53 was ubiquitinated (Fig. 5). PBK

A HA-Ub + + + + +
GFP-p53 + + + +
Paclitaxel — + + + +

(O01pgml-) 0 4 8 12 24 (h)

HA-Ub
IP: GFP
HA-Ub
Whole
cell
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o a -’ - -=(-gctin
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inhibitor, HI-TOPK 032, did not affect the p53
location. However, GFP-p53 continuously stayed at
nucleus in PBK knockdown cells despite paclitaxel
treatment. These results indicate that the reason why
p53-mediated autophagy is reduced in cells expressing
PBK upon paclitaxel treatment might be due to cyto-
plasmic localization, ubiquitination, and subsequent
degradation of p53 dependent on PBK expression.

Inhibition of Mdm2 elevates paclitaxel-mediated
autophagy or apoptosis

Previous report suggests that p53 in the nucleus is
transferred to the cytoplasm, subjected to Mdm2-

B
Control siRNA  PBK siRNA
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GFP-p53 + + + + + + + +
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Fig. 4. PBK is required for paclitaxel-induced p53 ubiquitination. (A) 293 cells were transfected with GFP-p53 together with HA-Ub construct
and were incubated with DMSO or paclitaxel (0.1 pg-mL™") at 24 h post-transfection for indicated time. Cell lysate was subjected to
immunoprecipitation using GFP antibody and protein A/G plus-agarose bead, and then, immunoblotting was done using HA antibody. Also,
cell lysate was probed with indicated antibody. (B) Control siRNA cells or PBK siRNA cells were transfected with GFP-p53 plus HA-ubiquitin
(Ub) construct and were treated with DMSO or paclitaxel (0.1 pg-mL™") 24 h after transfection for indicated time. Immunoprecipitation
using GFP antibody and subsequent immunoblotting using HA antibody was performed. Cell lysate was subjected to immunoblotting using
indicated antibody. Shown are representatives of three independent experiments.

944 FEBS Open Bio 10 (2020) 937-950 © 2020 The Authors. Published by FEBS Press and John Wiley & Sons Ltd.



J.-H. Park et al.

DAPI

None

Paclitaxel
8h

Control cells

HI-TOPK 032

HI-TOPK 032
+

Paclitaxel
8h

None

PBK
knockdown
cells

Paclitaxel
8h

GFP-p53

Role of PBK in p53-mediated H460 cell death

HA-Ub Merge

Fig. 5. PDZ-binding kinase knockdown blocks paclitaxel-mediated translocation of nuclear p53 to cytoplasm, leading to failure to its
subsequent ubiquitination. Control cells or PBK knockdown cells were cotransfected with GFP-p53 and HA-Ub construct. Twenty-four hours
after transfection, cells were treated with DMSO, paclitaxel (0.1 pg-mL~") alone, and HI-TOPK 032 (3 um) alone or in combination of
paclitaxel with HI-TOPK 032 for 8 h. Cells were immunostained with HA (HA-Ub; red) antibody. The nucleus is stained with DAPI (blue).
Merged images (merge) are indicated. Scale bar, 20 um. Shown images are representatives of 63x magnification from three independent
experiments. Results are shown as the mean + standard deviation for at least three independent experiments in duplicates.

mediated ubiquitination and subsequent 26S protea-
some-mediated degradation [46]. We next investigated
the effect of inhibition of Mdm2 on paclitaxel-medi-
ated autophagy or apoptosis. Nutlin-3, an inhibitor of
interaction between p53 and Mdm2, was employed to

prevent Mdm?2-mediated p53 ubiquitination and degra-
dation. As shown in Fig. 6A, treatment of nutlin-3
markedly increased paclitaxel-induced p53 or cleaved
PARP level. Also, Mdm?2 level was elevated by nutlin-
3, which results from the fact that Mdm?2 is one of the
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Fig. 6. Inhibition of interaction of Mdm2 with p53 promotes both autophagy and apoptosis during paclitaxel treatment. (A) Control siRNA cells
or PBK siRNA cells were treated with DMSO, and paclitaxel (0.1 pg-mL™") alone or in combination with nutlin-3 (10 pwm) for 24 h. Cell lysate
was subjected immunoblotting using indicated antibody. (B) Control cells or PBK knockdown cells were transfected with GFP-LC and 24 h
after transfection, cells were incubated DMSO, and paclitaxel (0.1 pg-mL™") alone or in combination with nutlin-3 (10 um) for 24 h. GFP-LC
puncta was observed by confocal microscopy. Representatives of 63x magnification from three independent experiments are indicated. Scale
bar, 20 pm. (C) Control cells or PBK knockdown cells were treated with DMSO, and paclitaxel (0.1 pg-mL~") alone or in combination with
nutlin-3 (10 pv) for 24 h. Apoptosis was analyzed by Annexin V-FITC and propidium iodide staining, and subsequent flow cytometry.
Representatives of three independent experiments and graph for quantitation of Annexin V-positive cells are shown. (D) Control siRNA cells or
PBK siRNA cells were incubated with DMSO, and paclitaxel (0.1 pg-mL”) alone or in combination with nutlin-3 (10 um) for 24 h. Cell counting
was done by colony-forming assay. *P < 0.05; **P < 0.01; and ***P < 0.001 compared to controls. Results are indicated as the mean + SD

for at least three independent experiments in duplicates. Statistical analysis was done by two-tailed Student's t-test.

transcription factor p53-dependent genes. Moreover,
nutlin-3  augmented paclitaxel-induced =~ GFP-LC3
puncta, which might be due to an increased p53 level
(Fig. 6B). Agreeing with Fig. 6A, flow cytometry analy-
sis or colony-forming assay indicated that paclitaxel-me-
diated apoptosis or cell growth was substantially
promoted or alleviated upon nutlin-3 treatment, respec-
tively (Fig. 6C,D). These results show that Mdm?2 plays
a regulatory role in paclitaxel induction of p53-medi-
ated autophagy or apoptosis-derived H460 cell death.

Discussion

Our previous studies have suggested that PBK confers
chemoresistance against anticancer drugs such as dox-
orubicin or TRAIL on HeLa cervical cancer cells
[37,38]. However, information about signaling path-
ways or stimuli involving anticancer drugs that regu-
late PBK activity or expression to affect cancer cells
still lacks. In this study, we demonstrate that PBK
diminishes p53-mediated non-small-cell lung cancer cell
death upon treatment of paclitaxel, a mitotic inhibitor
used in cancer chemotherapy. It has been proposed
that paclitaxel inhibits the disassembly of microtubule
to block spindle formation, leading to G2/M phase cell
cycle arrest [47]. In continuous M phase, CDK1/cyclin
B1 was shown to be activated during paclitaxel treat-
ment [47-50]. Also, CDK1/cyclin Bl in M phase of cell
cycle phosphorylates threonine 9 residue of PBK [43].
Interestingly, we found that phosphorylation on thre-
onine 9 of PBK was induced during paclitaxel treat-
ment, which might be due to paclitaxel-mediated
CDK/cyclin Bl activation.

Paclitaxel was shown to induce not only apoptosis
but also autophagy [51,52] and to cause p53 expression
that serves as a key tumor suppressor protein in
response to various cellular death stimuli [53-55]. It
has been suggested that autophagy is a highly con-
served catabolic process with critical functions in
maintenance of cellular homeostasis under normal
growth conditions or stress [56]. The autophagy-

induced cell death is known as type Il program cell
death [57,58]. Also, pS53 is shown to be deeply impli-
cated in both apoptosis and autophagy. Nuclear p53
induces autophagy and transcription of several apop-
totic genes related to apoptosis. Meanwhile, cytoplas-
mic p53 suppresses autophagy by FIP200 or AMPK/
mTOR pathway [59]. We indicated that PBK depletion
increased paclitaxel-induced H460 cell death, but inhi-
bitor of caspase or autophagy decreased the cell death.
In addition, endogenous p53 level was time-depen-
dently increased in PBK knockdown cells upon pacli-
taxel treatment, implying correlation between PBK
and p53 on paclitaxel exposure. Moreover, expression
of exogenous p53 elevated GFP-LC3 puncta.
Together, our results demonstrate that endogenous
PBK negatively regulates paclitaxel-induced cell death
including both apoptosis and autophagy, and p53
plays a pivotal role in the cell death in response to
paclitaxel.

Previous studies have suggested that PBK suppresses
p53 expression or activity through binding to DNA-
binding domain of p53 [36,60,61]. However, how p53
expression is regulated by PBK is still not understood.
We found that PBK bound to p53 and paclitaxel-me-
diated p53 or p2l transcriptional activity was pro-
moted in PBK knockdown cell compared with control
cells. More importantly, paclitaxel induced p53
translocation from nucleus to cytoplasm and ubiquiti-
nation in PBK-expressing cells but not PBK-depleted
cells. That is, it seems that in non-small-cell lung can-
cer H460 cells, p53 complexes with PBK, is translo-
cated to cytoplasm, and is subjected to ubiquitination
and degradation under exposure of paclitaxel. These
findings provide a mechanistic evidence for PBK-medi-
ated regulation of p53 expression. On the other hand,
Mdm2 E3 ubiquitin ligase functions as a negative reg-
ulator of p53 and the expression of Mdm2 was
induced by p53 [55,62]. Our findings show that inhibi-
tion of Mdm?2 elevates both apoptosis and autophagy
in response to paclitaxel, which results from an
increase in pS53 expression. Collectively, we conclude
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that PBK diminishes paclitaxel-induced apoptosis or
autophagy through negative regulation of p53 activity
and expression. Further studies are required for eluci-
dation of mechanistic role of PBK in autophagy of
cancer cells in response to various cellular stresses.

Acknowledgements

We thank our laboratory members for critical discussion.
This work was supported by the National Research
Foundation of Korea (NRF) grants funded by the Korea
Government (MSIP) (NRF-2019R111A3A01063191).
This work was also supported by the Priority Research
Centers Program through the NRF funded by the MEST
(NRF-2017R1A6A1A03015713).

Author contributions

J-HP and S-AP conducted experiments, collected data,
and analyzed data. YJL performed experiments. HWP
provided some reagents and suggestions. SMO
designed and supervised the project. All authors
reviewed the manuscript.

Conflict of interest

The authors declare no conflict of interest.

References

1 Haldar S, Chintapalli J and Croce CM (1996) Taxol
induces bcl-2 phosphorylation and death of prostate
cancer cells. Cancer Res 56, 1253-1255.

2 Tan G, Heqing L, Jiangbo C, Ming J, Yanhong M,
Xianghe L, Hong S and Li G (2002) Apoptosis induced
by low-dose paclitaxel is associated with p53
upregulation in nasopharyngeal carcinoma cells. Int J
Cancer 97, 168-172.

3 Yuan SY, Hsu SL, Tsai KJ and Yang CR (2002)
Involvement of mitochondrial pathway in Taxol-
induced apoptosis of human T24 bladder cancer cells.
Urol Res 30, 282-288.

4 Jordan MA, Toso RJ, Thrower D and Wilson L (1993)
Mechanism of mitotic block and inhibition of cell
proliferation by taxol at low concentrations. Proc Natl
Acad Sci USA 90, 9552-9556.

5 Huang TS, Shu CH, Chao Y, Chen SN and Chen LL
(2000) Activation of MAD 2 checkprotein and
persistence of cyclin B1/CDC 2 activity associate with
paclitaxel-induced apoptosis in human nasopharyngeal
carcinoma cells. Apoptosis S, 235-241.

6 Sakurikar N, Eichhorn JM and Chambers TC (2012) Cyclin-
dependent kinase-1 (Cdk1)/cyclin B1 dictates cell fate after

948

10

11

12

13

14

16

17

18

19

J.-H. Park et al.

mitotic arrest via phosphoregulation of antiapoptotic Bcl-2
proteins. J Biol Chem 287, 39193-39204.

Ling YH, Tornos C and Perez-Soler R (1998)
Phosphorylation of Bcl-2 is a marker of M phase events
and not a determinant of apoptosis. J Biol Chem 273,
18984-18991.

Wang TH, Popp DM, Wang HS, Saitoh M, Mural JG,
Henley DC, Ichijo H and Wimalasena J (1999)
Microtubule dysfunction induced by paclitaxel initiates
apoptosis through both c-Jun N-terminal kinase (JNK)-
dependent and -independent pathways in ovarian cancer
cells. J Biol Chem 274, 8208-8216.

Dai H, Ding H, Meng XW, Lee SH, Schneider PA and
Kaufmann SH (2013) Contribution of Bcl-2
phosphorylation to Bak binding and drug resistance.
Cancer Res 73, 6998-7008.

Crighton D, Wilkinson S, O’Prey J, Syed N, Smith P,
Harrison PR, Gasco M, Garrone O, Crook T and
Ryan KM (2006) DRAM, a p53-induced modulator of
autophagy, is critical for apoptosis. Cell 126, 121-134.
Chi EY, Viriyapak B, Kwack HS, Lee YK, Kim SI,
Lee KH and Park TC. (2013) Regulation of paclitaxel-
induced programmed cell death by autophagic
induction: a model for cervical cancer. Obstet Gynecol
Sci 56, 84-92.

Mizushima N (2007) Autophagy: process and function.
Genes Dev 21, 2861-2873.

Amaravadi RK, Yu D, Lum JJ, Bui T, Christophorou
MA, Evan GI, Thomas-Tikhonenko A and Thompson
CB (2007) Autophagy inhibition enhances therapy-
induced apoptosis in a Myc-induced model of
lymphoma. J Clin Invest 117, 326-336.

Boya P, Gonzalez-Polo RA, Casares N, Perfettini JL,
Dessen P, Larochette N, Metivier D, Meley D,
Souquere S, Yoshimori T et al. (2005) Inhibition of
macroautophagy triggers apoptosis. Mol Cell Biol 25,
1025-1040.

Yang C, Kaushal V, Shah SV and Kaushal GP (2008)
Autophagy is associated with apoptosis in cisplatin
injury to renal tubular epithelial cells. 4m J Physiol
Renal Physiol 294, F777-F787.

Azad MB, Chen Y, Henson ES, Cizeau J, McMillan-
Ward E, Israels SJ and Gibson SB (2008) Hypoxia
induces autophagic cell death in apoptosis-competent
cells through a mechanism involving BNIP3. Autophagy
4, 195-204.

Chau YP, Lin SY, Chen JH and Tai MH (2003)
Endostatin induces autophagic cell death in EAhy926
human endothelial cells. Histol Histopathol 18, 715-726.
Chen Y, McMillan-Ward E, Kong J, Israels SJ and
Gibson SB (2008) Oxidative stress induces autophagic
cell death independent of apoptosis in transformed and
cancer cells. Cell Death Differ 15, 171-182.

Demasters G, Di X, Newsham I, Shiu R and Gewirtz
DA (2006) Potentiation of radiation sensitivity in breast

FEBS Open Bio 10 (2020) 937-950 © 2020 The Authors. Published by FEBS Press and John Wiley & Sons Ltd.



J.-H. Park et al.

20

21

22

23

24

25

26

27

28

29

30

31

FEBS Open Bio 10 (2020) 937-950 © 2020 The Authors. Published by FEBS Press and John Wiley & Sons Ltd.

tumor cells by the vitamin D3 analogue, EB 1089,
through promotion of autophagy and interference with
proliferative recovery. Mol Cancer Ther S, 2786-2797.
Kondo Y and Kondo S (2006) Autophagy and cancer
therapy. Autophagy 2, 85-90.

Feng Z, Zhang H, Levine AJ and Jin S (2005) The
coordinate regulation of the p53 and mTOR pathways
in cells. Proc Natl Acad Sci USA 102, 8204-8209.
Feng Z, Hu W, de Stanchina E, Teresky AK, Jin S,
Lowe S and Levine AJ (2007) The regulation of AMPK
betal, TSC2, and PTEN expression by p53: stress, cell
and tissue specificity, and the role of these gene
products in modulating the IGF-1-AKT-mTOR
pathways. Cancer Res 67, 3043-3053.

Tasdemir E, Chiara Maiuri M, Morselli E, Criollo A,
D’Amelio M, Djavaheri-Mergny M, Cecconi F,
Tavernarakis N and Kroemer G (2008) A dual role of
p53 in the control of autophagy. Autophagy 4, 810-814.
Tasdemir E, Maiuri MC, Galluzzi L, Vitale 1,
Djavaheri-Mergny M, D’Amelio M, Criollo A, Morselli
E, Zhu C, Harper F et al. (2008) Regulation of
autophagy by cytoplasmic p53. Nat Cell Biol 10, 676—
687.

Green DR and Kroemer G (2009) Cytoplasmic
functions of the tumour suppressor p53. Nature 458,
1127-1130.

Abe Y, Matsumoto S, Kito K and Ueda N (2000)
Cloning and expression of a novel MAPKK-like
protein kinase, lymphokine-activated killer T-cell-
originated protein kinase, specifically expressed in the
testis and activated lymphoid cells. J Biol Chem 275,
21525-21531.

Gaudet S, Branton D and Lue RA (2000)
Characterization of PDZ-binding kinase, a mitotic
kinase. Proc Natl Acad Sci USA 97, 5167-5172.
Simons-Evelyn M, Bailey-Dell K, Toretsky JA, Ross
DD, Fenton R, Kalvakolanu D and Rapoport AP
(2001) PBK/TOPK is a novel mitotic kinase which is
upregulated in Burkitt’s lymphoma and other highly
proliferative malignant cells. Blood Cells Mol Dis 27,
825-829.

Zhao S, Dai J, Zhao W, Xia F, Zhou Z, Wang W, Gu
S, Ying K, Xie Y and Mao Y (2001) PDZ-binding
kinase participates in spermatogenesis. Int J Biochem
Cell Biol 33, 631-636.

Nandi A, Tidwell M, Karp J and Rapoport AP (2004)
Protein expression of PDZ-binding kinase is up-
regulated in hematologic malignancies and strongly
down-regulated during terminal differentiation of HL-
60 leukemic cells. Blood Cells Mol Dis 32, 240-245.
Zykova TA, Zhu F, Vakorina TI, Zhang J, Higgins
LA, Urusova DV, Bode AM and Dong Z (2010) T-
LAK cell-originated protein kinase (TOPK)
phosphorylation of Prx1 at Ser-32 prevents UVB-
induced apoptosis in RPMI7951 melanoma cells

32

33

34

35

36

37

38

39

40

41

42

Role of PBK in p53-mediated H460 cell death

through the regulation of Prx1 peroxidase activity. J
Biol Chem 285, 29138-29146.

Li S, Zhu F, Zykova T, Kim MO, Cho YY, Bode AM,
Peng C, Ma W, Carper A, Langfald A et al. (2011) T-
LAK cell-originated protein kinase (TOPK)
phosphorylation of MKP1 protein prevents solar
ultraviolet light-induced inflammation through
inhibition of the p38 protein signaling pathway. J Biol
Chem 286, 29601-29609.

Oh SM, Zhu F, Cho YY, Lee KW, Kang BS, Kim
HG, Zykova T, Bode AM and Dong Z (2007) T-
lymphokine-activated killer cell-originated protein
kinase functions as a positive regulator of c-Jun-NH2-
kinase 1 signaling and H-Ras-induced cell
transformation. Cancer Res 67, 5186-5194.

Zhu F, Zykova TA, Kang BS, Wang Z, Ebeling MC,
Abe Y, Ma WY, Bode AM and Dong Z (2007)
Bidirectional signals transduced by TOPK-ERK
interaction increase tumorigenesis of HCT116 colorectal
cancer cells. Gastroenterology 133, 219-231.

Abe Y, Takeuchi T, Kagawa-Miki L, Ueda N,
Shigemoto K, Yasukawa M and Kito K (2007) A
mitotic kinase TOPK enhances Cdk1/cyclin Bl-
dependent phosphorylation of PRC1 and promotes
cytokinesis. J Mol Biol 370, 231-245.

Hu F, Gartenhaus RB, Eichberg D, Liu Z, Fang HB
and Rapoport AP (2010) PBK/TOPK interacts with the
DBD domain of tumor suppressor p53 and modulates
expression of transcriptional targets including p21.
Oncogene 29, 5464-5474.

Kwon HR, Lee KW, Dong Z, Lee KB and Oh SM
(2010) Requirement of T-lymphokine-activated killer
cell-originated protein kinase for TRAIL resistance of
human HeLa cervical cancer cells. Biochem Biophys Res
Commun 391, 830-834.

Park JH, Yoon DS, Choi HJ, Hahm DH and Oh SM
(2013) Phosphorylation of IkappaBalpha at serine 32 by
T-lymphokine-activated killer cell-originated protein
kinase is essential for chemoresistance against
doxorubicin in cervical cancer cells. J Biol Chem 288,
3585-3593.

Nishio H and Walsh MJ (2004) CCAAT displacement
protein/cut homolog recruits G9a histone lysine
methyltransferase to repress transcription. Proc Natl
Acad Sci USA 101, 11257-11262.

Wang S and El-Deiry WS (2006) p73 or p53 directly
regulates human p53 transcription to maintain cell cycle
checkpoints. Cancer Res 66, 6982—-6989.

Zhou BP, Liao Y, Xia W, Zou Y, Spohn B and Hung
MC (2001) HER-2/neu induces p53 ubiquitination via
Akt-mediated MDM?2 phosphorylation. Nat Cell Biol 3,
973-982.

Lim KL, Chew KC, Tan JM, Wang C, Chung KK,
Zhang Y, Tanaka Y, Smith W, Engelender S, Ross CA
et al. (2005) Parkin mediates nonclassical, proteasomal-

949



Role of PBK in p53-mediated H460 cell death

43

44

45

46

47

48

49

50

51

950

independent ubiquitination of synphilin-1: implications
for Lewy body formation. J Neurosci 25, 2002-2009.
Matsumoto S, Abe Y, Fujibuchi T, Takeuchi T, Kito
K, Ueda N, Shigemoto K and Gyo K (2004)
Characterization of a MAPKK-like protein kinase
TOPK. Biochem Biophys Res Commun 325, 997-1004.
Ibrado AM, Kim CN and Bhalla K (1998) Temporal
relationship of CDKI1 activation and mitotic arrest to
cytosolic accumulation of cytochrome C and caspase-3
activity during Taxol-induced apoptosis of human
AML HL-60 cells. Leukemia 12, 1930-1936.

Lu PH, Yu CC, Chiang PC, Chen YC, Ho YF, Kung
FL and Guh JH (2011) Paclitaxel induces apoptosis
through activation of nuclear protein kinase C-delta
and subsequent activation of Golgi associated Cdkl in
human hormone refractory prostate cancer. J Urol 186,
2434-2441.

Lee JT and Gu W (2010) The multiple levels of
regulation by p53 ubiquitination. Cell Death Differ 17,
86-92.

Weaver BA (2014) How Taxol/paclitaxel kills cancer
cells. Mol Biol Cell 25, 2677-2681.

Ling YH, Yang Y, Tornos C, Singh B and Perez-Soler
R (1998) Paclitaxel-induced apoptosis is associated with
expression and activation of c-Mos gene product in
human ovarian carcinoma SKOV3 cells. Cancer Res 58,
3633-3640.

MacKeigan JP, Collins TS and Ting JP (2000) MEK
inhibition enhances paclitaxel-induced tumor apoptosis.
J Biol Chem 275, 38953-38956.

Xu R, Sato N, Yanai K, Akiyoshi T, Nagai S, Wada J,
Koga K, Mibu R, Nakamura M and Katano M (2009)
Enhancement of paclitaxel-induced apoptosis by
inhibition of mitogen-activated protein kinase pathway
in colon cancer cells. Anticancer Res 29, 261-270.

Xi G, Hu X, Wu B, Jiang H, Young CY, Pang Y and
Yuan H (2011) Autophagy inhibition promotes
paclitaxel-induced apoptosis in cancer cells. Cancer Lett
307, 141-148.

53

54

55

56

57

58

59

60

61

62

J.-H. Park et al.

Wu S, Wang X, Chen J and Chen Y (2013) Autophagy
of cancer stem cells is involved with chemoresistance of
colon cancer cells. Biochem Biophys Res Commun 434,
898-903.

Meek DW (1998) Multisite phosphorylation and the
integration of stress signals at p53. Cell Signal 10, 159—
166.

Pan Z, Avila A and Gollahon L (2014) Paclitaxel
induces apoptosis in breast cancer cells through different
calcium-regulating mechanisms depending on external
calcium conditions. Int J Mol Sci 15, 2672-2694.

Ryan KM, Phillips AC and Vousden KH (2001)
Regulation and function of the p53 tumor suppressor
protein. Curr Opin Cell Biol 13, 332-337.

Li X, Xu HL, Liu YX, An N, Zhao S and Bao JK
(2013) Autophagy modulation as a target for anticancer
drug discovery. Acta Pharmacol Sin 34, 612-624.
Bursch W, Hochegger K, Torok L, Marian B, Ellinger
A and Hermann RS (2000) Autophagic and apoptotic
types of programmed cell death exhibit different fates of
cytoskeletal filaments. J Cell Sci 113 (Pt 7), 1189-1198.
Yonekawa T and Thorburn A (2013) Autophagy and
cell death. Essays Biochem 55, 105-117.

Liu G, Pei F, Yang F, Li L, Amin AD, Liu S, Buchan
JR and Cho WC (2017) Role of autophagy and
apoptosis in non-small-cell lung cancer. Int J Mol Sci
18, pii: E367.

Lei B, Liu S, Qi W, Zhao Y, Li Y, Lin N, Xu X, Zhi
C, Mei J, Yan Z et al. (2013) PBK/TOPK expression in
non-small-cell lung cancer: its correlation and
prognostic significance with Ki67 and p53 expression.
Histopathology 63, 696-703.

Lei B, Q1 W, Zhao Y, Li Y, Liu S, Xu X, Zhi C, Wan
L and Shen H (2015) PBK/TOPK expression correlates
with mutant p53 and affects patients’ prognosis and cell
proliferation and viability in lung adenocarcinoma.
Hum Pathol 46, 217-224.

Liang SH and Clarke MF (2001) Regulation of p53
localization. Eur J Biochem 268, 2779-2783.

FEBS Open Bio 10 (2020) 937-950 © 2020 The Authors. Published by FEBS Press and John Wiley & Sons Ltd.



	Outline placeholder
	feb412855-aff-0001
	feb412855-aff-0002
	feb412855-aff-0003

	 Mate�ri�als and meth�ods
	 Cell cul�ture and reagents
	 Plas�mids and trans�fec�tion
	 Immunoblot�ting and immuno�pre�cip�i�ta�tion
	 Luciferase assay
	 Con�fo�cal microscopy
	 Flow cytom�e�try anal�y�sis
	 Cell via�bil�ity assay
	 Colony-form�ing assay
	 Sta�tis�ti�cal anal�y�sis

	 Results
	 Deple�tion or inhi�bi�tion of PBK increases pacli�taxel-in�duced H460 cell death
	 PBK knock�down aug�ments pacli�taxel-in�duced autophagic cell death
	 PBK alle�vi�ates pacli�taxel induc�tion of p53-me�di�ated autophagy and neg�a�tively reg�u�lates p53 func�tion
	 PBK medi�ates pacli�taxel-in�duced p53 ubiq�ui�ti�na�tion
	feb412855-fig-0001
	feb412855-fig-0002
	feb412855-fig-0003
	 Inhi�bi�tion of Mdm2 ele�vates pacli�taxel-me�di�ated autophagy or apop�to�sis
	feb412855-fig-0004
	feb412855-fig-0005

	 Dis�cus�sion
	feb412855-fig-0006

	 Acknowl�edge�ments
	 Author con�tri�bu�tions
	 Con�flict of inter�est
	feb412855-bib-0001
	feb412855-bib-0002
	feb412855-bib-0003
	feb412855-bib-0004
	feb412855-bib-0005
	feb412855-bib-0006
	feb412855-bib-0007
	feb412855-bib-0008
	feb412855-bib-0009
	feb412855-bib-0010
	feb412855-bib-0011
	feb412855-bib-0012
	feb412855-bib-0013
	feb412855-bib-0014
	feb412855-bib-0015
	feb412855-bib-0016
	feb412855-bib-0017
	feb412855-bib-0018
	feb412855-bib-0019
	feb412855-bib-0020
	feb412855-bib-0021
	feb412855-bib-0022
	feb412855-bib-0023
	feb412855-bib-0024
	feb412855-bib-0025
	feb412855-bib-0026
	feb412855-bib-0027
	feb412855-bib-0028
	feb412855-bib-0029
	feb412855-bib-0030
	feb412855-bib-0031
	feb412855-bib-0032
	feb412855-bib-0033
	feb412855-bib-0034
	feb412855-bib-0035
	feb412855-bib-0036
	feb412855-bib-0037
	feb412855-bib-0038
	feb412855-bib-0039
	feb412855-bib-0040
	feb412855-bib-0041
	feb412855-bib-0042
	feb412855-bib-0043
	feb412855-bib-0044
	feb412855-bib-0045
	feb412855-bib-0046
	feb412855-bib-0047
	feb412855-bib-0048
	feb412855-bib-0049
	feb412855-bib-0050
	feb412855-bib-0051
	feb412855-bib-0052
	feb412855-bib-0053
	feb412855-bib-0054
	feb412855-bib-0055
	feb412855-bib-0056
	feb412855-bib-0057
	feb412855-bib-0058
	feb412855-bib-0059
	feb412855-bib-0060
	feb412855-bib-0061
	feb412855-bib-0062


