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a b s t r a c t

Because we found in a recent study that pancreatic adenocarcinoma up-regulated factor (PAUF), a novel
oncogene, induces a rapid proliferation of pancreatic cells by up-regulation of b-catenin, we postulated
that b-catenin might be a target molecule for pancreatic cancer treatment. We thus speculated whether
SIRT1, known to target b-catenin in a colon cancer model, suppresses b-catenin in those pancreatic cancer
cells that express PAUF (Panc-PAUF). We further evaluated whether such suppression would lead to inhi-
bition of the proliferation of these cells. The ectopic expression of either SIRT1 or resveratrol (an activator
of SIRT1) suppressed levels of b-catenin protein and its transcriptional activity in Panc-PAUF cells. Con-
versely, suppression of SIRT1 expression by siRNA enhanced b-catenin expression and transcriptional
activity. SIRT1 mutant analysis showed that nuclear localization of SIRT1 is not required for reduction
of b-catenin. Treatment with MG132, a proteasomal inhibitor, restored b-catenin protein levels, suggest-
ing that SIRT1-mediated degradation of b-catenin requires proteasomal activity. It was reported that inhi-
bition of GSK-3b or Siah-1 stabilizes b-catenin in colon cancer cells, but suppression of GSK-3b or Siah-1
using siRNA in the presence of resveratrol instead diminished b-catenin protein levels in Panc-PAUF cells.
This suggests that GSK-3b and Siah-1 are not involved in SIRT1-mediated degradation of b-catenin in the
cells. Finally, activation of SIRT1 inhibited the proliferation of Panc-PAUF cells by down-regulation of
cyclin-D1, a target molecule of b-catenin. These results suggest that SIRT1 activation may be a therapeu-
tic strategy for treatment of pancreatic cancer cells that express PAUF via the down-regulation of b-
catenin.

� 2012 Elsevier Inc. All rights reserved.
1. Introduction

Pancreatic cancer has an extremely poor prognosis, with a 5-year
survival rate of less than 5% [1,2]. The only potential curative treat-
ment for pancreatic cancer is surgery, but only 10–20% of patients
are candidates for surgery at the time of presentation. To overcome
obstacles such as late diagnosis, the aggressive nature of the tumor,
and resistance to existing therapeutic regimens [3], novel tumor-
specific biomarkers and genetic pathways that may lead to potential
diagnostic and therapeutic targets are desperately needed. During a
search for early biomarkers of pancreatic cancer, we discovered that
a novel secretory protein, pancreatic adenocarcinoma up-regulated
ll rights reserved.
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factor (PAUF), is highly expressed in pancreatic cancer tissues. The
introduction of PAUF into Chinese hamster ovary (CHO) cells causes
tumor formation in xenografted nude mice [4]. We later demon-
strated that PAUF expression enhances migration and invasion of
pancreatic cancer cells by up-regulating CXCR4, which eventually
facilitates the metastasis of pancreatic cancer [5]. We further re-
ported that PAUF contributes to oncogenesis of pancreatic cells
via the up-regulation of b-catenin [6].

b-Catenin is a crucial effect molecule in the canonical Wnt sig-
naling pathway involved in cell proliferation, differentiation and
oncogenesis [7]. Constitutive activation of the b-catenin pathway
has been found in 90% of clinical colorectal cancer tissues. In addi-
tion, this pathway is aberrantly activated in many other cancers
such as prostate, breast, ovary, and skin cancers. The b-catenin sig-
nal is initiated by the interaction of Wnts (Wnt1, 3a, and 8) with
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the Frizzled receptor and low-density lipoprotein receptor-related
protein (LRP) 5/6 co-receptors [8]. The signal is then transduced
through the disheveled protein to negatively regulate glycogen
synthase kinase-3b (GSK-3b), resulting in the accumulation of
cytoplasmic b-catenin. The b-catenin is then translocated into the
nucleus, where it forms a complex with the T cell factor/lympho-
cyte enhancer factor (TCF/LEF) families of transcription factors.
These complexes activate the expression of b-catenin-responsive
genes, such as cyclin-D1, c-Jun, c-Myc and peroxisome prolifera-
tor-activated receptor-b [9–12]. In quiescent cells, b-catenin is
maintained in the cytoplasm at low levels. This is facilitated by
its interaction with scaffolding proteins, adenomatous polyposis
coli (APC) protein, axin, and protein kinases, such as casein ki-
nase-1a (CK-1a) and GSK-3b. CK-1a and GSK-3b phosphorylate
b-catenin on Ser-45 and Ser-33/37/Thr-41 sites, respectively, lead-
ing to its ubiquitination and proteasomal degradation [13,14].
Alternatively, in the Siah-1-dependent pathway, Siah-1 interacts
with the carboxyl terminus of APC, recruits the ubiquitination
complex, and promotes the degradation of b-catenin through an
F-box protein in the E3 ubiquitin ligase complex [15].

SIRT1 is highly conserved deacetylase that is reported to regu-
late the life span of organisms in response to caloric restriction
[16,17]. However, role of SIRT1 in regulating the worm and fly life-
span has recently become controversial [18]. SIRT1 can deacetylate
not only histones [19], but also non-histone proteins including NF-
jB p65 [20], p53 [21], Ku70 [22] and Foxo3a [23]. Moreover, the
role of SIRT1 in tumor formation is also controversial. The overex-
pression of SIRT1 in chemo-resistant tumor cells and clinical tis-
sues has been frequently detected [24]. Some studies have
indicated that SIRT1 can promote cancer cell growth by blocking
cellular senescence via direct deacetylation of p53 [21], FOXO
[23], and E2F1 [25]. In contrast, other studies have indicated that
ectopic expression resulting in elevated SIRT1 levels reduced cell
proliferation and tumor formation in a colon cancer model [26].
Additionally, the activation of SIRT1 by resveratrol also limited cell
growth and reduced tumor formation in a breast cancer model
[27].

In this study, we explored a therapeutic strategy for the treat-
ment of pancreatic cancer cells that stably express PAUF. We report
that SIRT1 inhibits the proliferation of pancreatic cancer cells
through suppression of b-catenin.
2. Materials and methods

2.1. Cell cultures and transfection

Panc-1 cells that stably expressed vector (Panc-Vec) and PAUF
(Panc-PAUF) were cultured in Dulbecco’s modified Eagle’s medium
supplemented with 10% fetal bovine serum, 1% penicillin, 1% strep-
tomycin, and G418 (500 lg/ml). Panc-Vec and Panc-PAUF cells
were plated at 5 � 105 cells per 60-mm-diameter plate 24 h before
transfection. The cells were then transfected with 0.5–4 lg of DNA
using lipofectamine 2000 (Invitrogen, Carlsbad, CA).
2.2. Reagents and antibodies

MG132, cycloheximide, and resveratrol were purchased from
Calbiochem (San Diego, CA). For immunoblotting, anti-GSK-3b,
anti-cyclin-D1, anti-GFP, and b-actin antibodies were obtained
from Santa Cruz Biotechnology (Santa Cruz, CA). Anti-phospho-
GSK-3(Ser-9), and anti-b-catenin antibodies were acquired from
Cell Signaling Biotechnology (Danvers, MA). Anti-SIRT1 and anti-
Siah1 antibodies were obtained from Abcam (Cambridge, MA)
and Cosmobio (Tokyo, Japan), respectively.
2.3. Western blotting assay

Cells were harvested and lysed with lysis buffer (0.15 M NaCl,
1% Nonidet P-40, 50 mM Tris [pH7.5]) containing 0.1 mM Na2VO3,
1 mM NaF, and protease inhibitors (Sigma–Aldrich, St. Louis, MO).
For immunoblotting, proteins from whole-cell lysates were re-
solved by 10% or 12% SDS–PAGE and transferred to nitrocellulose
membranes. Primary antibodies were used at 1:1000 or 1:2000
dilutions, and secondary HRP-conjugated antibodies (Santa Cruz)
were analyzed at 1:2000 dilution in 5% nonfat dry milk. After final
washing, nitrocellulose membranes were exposed using chemilu-
minescence assays (GE-Amersham, Piscataway, NJ).

2.4. Luciferase reporter assay

HEK 293 T cells were transfected with TOP Flash-vectors or FOP
Flash-vectors. To normalize transfection efficiency, a pGK-bgal
vector that expresses b-galactosidase from a phosphoglucokinase
promoter was included in the transfection mixture. At 48 h post-
transfection, cells were washed with cold PBS and lysed in lysis
solution (25 mM Tris [pH7.8], 2 mM EDTA, 2 mM DTT, 10% glyc-
erol, and 1% Triton-X100). Luciferase activity was measured with
a luminometer using a luciferase kit (Promega, Madison, WI).

2.5. siRNA transfection

Cells were trypsinized and incubated overnight to achieve
60–70% confluency before siRNA transfection. SIRT1 siRNA
(100 nM, 50-ACUUUGCUGUAACCCUGUA (dTdT)-30 as sense and
50-UACAGGGUUACAGCAAAGU (dTdT)-30 as anti-sense), GSK-3b
siRNA (200 nM, 50-GACACUAAAGUGAUUGGAA (dTdT)-30 as sense
and 50-UUCCAAUCACUUUAGUGUC (dTdT)-30 as anti-sense), Siah1
siRNA (200 nM, 50-CAGCAUAAGUCCAUUACAA (dTdT)-30 as sense
and 50-UUGUAAUGGACUUAUGCUG (dTdT)-30 as anti-sense), or
negative control siRNA was mixed with Lipofectamine 2000
(Invitrogen). All siRNA was purchased from Bioneer (Daejeon,
Korea). The cells were incubated with the transfection mixture
for 6 h and then rinsed with DMEM containing 10% serum. The
cells were incubated for an additional 42 h before harvest.

2.6. Statistical analysis

Data are presented as a means ± standard deviation. Student’s t
test was used to compare groups, and p-values <0.05 were consid-
ered significant.
3. Results

3.1. SIRT1 inhibits protein levels of b-catenin and its transcriptional
activity

Because we found in a recent study that PAUF enhances the
expression of b-catenin, leading to a rapid proliferation of Panc-1
pancreatic cancer cells [6], we postulated that b-catenin might be
a target molecule for cancer treatment of Panc-1 cells that stably
express PAUF (Panc-PAUF). Meanwhile, although a line of evidence
has shown that ectopic induction of SIRT1 suppresses b-catenin-
driven colon cancer in a mouse model [26], the detailed
mechanism by which SIRT1 suppresses b-catenin remains to be
illustrated. We thus examined whether SIRT1 inhibits the expres-
sion of b-catenin in Panc-PAUF cells. To directly test this question,
we first introduced SIRT1 and examined the levels of b-catenin
protein in Panc-Vec and Panc-PAUF cells. As shown in Fig. 1A,
b-catenin expression was significantly diminished by SIRT1 in both
cell lines. In addition, we introduced a Top-Flash luciferase



Fig. 1. Expression and activation of SIRT1 reduced levels of b-catenin protein and its transcriptional activity. (A) After Panc-Vec and Panc-PAUF cells were transfected with
Myc-tagged SIRT1 vector, cell lysates were prepared 48 h post-transfection. Proteins were separated by 10% SDS–polyacrylamide gel electrophoresis (PAGE) and the
expression of b-catenin was examined by immunoblotting using anti-b-catenin antibody. (B) HEK 293 T cells were transfected with Flag-tagged b-catenin (1 lg) or Flag-
tagged b-catenin (1 lg) plus Myc-tagged SIRT1 vector (1 lg) in the presence of Top-Flash (1 lg) or Fop-Flash luciferase reporter vector (1 lg). Transfection efficiency was
normalized with the b-galactosidase reporter vector, pGK-b-gal. The results shown are the average of triplicate wells. Error bars indicate standard deviation. (⁄; b-catenin vs.
b-catenin plus SIRT1; p < 0.01). (C) Panc-Vec and Panc-PAUF cells treated with resveratrol (Res; 1, 10, 100 lM) and cell lysates were prepared 24 h post-treatment. The
expression of b-catenin was examined by immunoblotting using anti-b-catenin antibody. (D) HEK293 T cells were transfected with Flag-tagged b-catenin vector in the
presence of Top-Flash or Fop-Flash luciferase reporter vector and were treated with resveratrol for 24 h. Luciferase activity was measured as described in (B) (⁄; Res 0 vs. 102;
p < 0.01). (E, F) Panc-Vec and Panc-PAUF cells were transfected with SIRT1 siRNA (100 nM) for 48 h. The expression of b-catenin and transcriptional activity of b-catenin were
evaluated as described in Fig. 1D. (⁄; control siRNA vs. SIRT1 siRNA; p < 0.01).
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reporter vector, controlled by a b-catenin/TCF-4 complex, to exam-
ine whether the decreased b-catenin levels caused by SIRT1 lead to
functional suppression and binding to the b-catenin/TCF-binding
element in the nucleus. As shown in Fig. 1B, SIRT1 transfection re-
duced b-catenin-mediated transcriptional activity (p < 0.01), but
SIRT1 transfection together with Fop-Flash vector carrying a mu-
tant TCF binding site failed to diminish b-catenin-mediated tran-
scription activity. Moreover, we treated Panc-PAUF cancer cells
with resveratrol, a polyphenol compound that is a SIRT1 deacetyl-
ase activator. Resveratrol treatment reduced b-catenin protein lev-
els and b-catenin transcriptional activity in a dose-dependent
manner (Fig. 1C, D). To further explore whether SIRT1 directly reg-
ulates levels of b-catenin, we suppressed SIRT1 protein levels with
siRNA and examined the levels of b-catenin protein and b-catenin
transcriptional activity (p < 0.01). As shown in Fig. 1E, suppression
of SIRT1 protein with siRNA dramatically enhanced the expression
of b-catenin. The effect of SIRT1 suppression on the up-regulation
of b-catenin expression is more dramatic in Panc-PAUF cells than
in Panc-Vec cells. In addition, we examined b-catenin transcrip-
tional activity using the Top-Flash luciferase reporter vector. As
seen in Fig. 1F, SIRT1 siRNA treatment conversely enhanced b-cate-
nin-mediated transcriptional activity as compared to control siRNA
treatment (p < 0.01). These results suggest that levels of SIRT1 pro-
tein are directly involved in regulation of the level of b-catenin pro-
tein in the cell.
3.2. Nuclear localization of SIRT1 is not required for the decrease of b-
catenin expression

Because SIRT1 can be localized in either the nucleus or the cyto-
sol, depending on the cell context and developmental stage of cell
[28], we speculated whether nuclear localization of SIRT1 is
necessary for the suppression of b-catenin expression in Panc-
PAUF cells. To answer this question, we introduced SIRT1 localiza-
tion mutants such as GFP-conjugated nuclear export sequence
(NES) mutant SIRT1 (localizes in the nucleus; GFP-NES-SIRT1)
and GFP-conjugated nuclear localization sequence (NLS) mutant
(mainly localizes in the cytosol; GFP-NLS-SIRT1), as described else-
where [28], into Panc-PAUF cells. As control, we used GFP-conju-
gated wild type (WT) SIRT1 (GFP-WT-SIRT1) as a positive control
and GFP as a negative control. As shown in Fig. 2A, GFP-conjugated
WT and NES mutant SIRT1 were mainly localized in the nucleus
while GFP-conjugated NLS mutant SIRT1 was detected in the cyto-
sol. Transfection of Panc-PAUF cells with GFP-WT-SIRT1, GFP-NLS-
SIRT1, and GFP-NES-SIRT1 vectors reduced b-catenin levels to a
similar degree (Fig. 2B). However, GFP alone did not decrease b-
catenin protein levels. This result suggests that nuclear localization
of SIRT1 is not necessary for down-regulation of b-catenin.
3.3. SIRT1-mediated degradation of b-catenin is independent of GSK-
3b and Siah-1 but is dependent of proteasome

GSK-3b is involved in phosphorylation of b-catenin, leading to
degradation of b-catenin [16,17]. Siah-1, E3 ubiquitin ligase is also
associated with degradation of b-catenin independent of GSK-3b
[15] We thus explored whether GSK-3b or Siah-1 participates in
SIRT1-mediated degradation of b-catenin. To test this question,
we investigated whether suppression of GSK-3b or Siah-1 in
Panc-PAUF cells protects b-catenin degradation from SIRT1 activ-
ity. Panc-PAUF cells had similar levels of GSK-3b and Siah1 pro-
teins as Panc-Vec cells (Fig. 3A). However, Panc-PAUF cells had
more phosphorylation of GSK-3b (an inactive form) than Panc-
Vec cells, indicating that Panc-PAUF cells has an intracellular
environment conducive to the stabilization of b-catenin. When



Fig. 2. Nuclear localization of SIRT1 is not necessary for SIRT1-mediated degradation of b-catenin. (A and B) Panc-Vec and Panc-PAUF cells were transfected with GFP-
conjugated NES-SIRT1 mutant (3 lg), GFP-NLS-SIRT1 mutant vector (3 lg), GFP-WT SIRT1 (3 lg) as a positive control, and GFP (3 lg) as a negative control for 48 h. The level
b-catenin protein was examined with anti-b-catenin antibodies and the level of GFP protein was used to control for transfection.

Fig. 3. SIRT1-mediated degradation of b-catenin is not required for GSK-3b and Siah-1 but for proteosome. (A) Endogenous GSK-3b, phospho-GSK3b and Siah-1 protein levels
were examined in Panc-Vec and Panc-PAUF cells. Each protein level was examined by immunoblotting using the corresponding antibodies. (B and C) Panc-Vec and Panc-PAUF
cells were treated with GSK-3b siRNA (Si-GSK; 200 nM) or Siah-1 siRNA (Si-Siah; 200 nM) for 48 h and then prepared as cell lysates. After confirming suppression of GSK-3b
or Siah-1, b-catenin protein levels were evaluated with anti-b-catenin antibodies. (D and E) Panc-Vec and Panc-PAUF cells were treated with resveratrol for 24 h. The cells
were subsequently treated with MG132 (10 lM) or cycloheximide (CHX; 10 lM) for additional 8 h and the cell lysates were prepared for immunoblotting. The expression of
b-catenin was examined using anti-b-catenin antibody.
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Panc-Vec and Panc-PAUF cells were transfected with GSK-3b siRNA
alone, the resulting suppression of GSK-3b levels mildly reduced b-
catenin expression (Fig. 3B). Moreover, combined treatment with
resveratrol and GSK-3b siRNA significantly reduced b-catenin lev-
els (Fig. 3B). Siah-1 siRNA treatment slightly reduced b-catenin
expression as observed in GSK-3b siRNA treatment (Fig. 3C). Com-
bined treatment with resveratrol and Siah-1 siRNA significantly
suppressed b-catenin protein levels (Fig. 3C). These results indicate
that suppression of GSK-3b and Siah-1 expression does not prevent
SIRT1–mediated degradation of b-catenin in Panc-PAUF cells, con-
sidering that inhibition of GSK-3b or Siah-1 stabilizes b-catenin
protein levels in colon cancer cells [29,30].

Although it is well known that the phosphorylation of b-catenin
takes place before ubiquitination by GSK-3b action and subsequent
degradation occurs through the proteasome system [13,14], we
speculated whether SIRT1 activation could reduce b-catenin pro-
tein levels through the proteasome-mediated degradation. To an-
swer this question, Panc-Vec and Panc-PAUF cells were treated
with resveratrol in the presence or absence of MG132, a protea-
some inhibitor. We found that MG132 treatment completely
blocked SIRT1-induced b-catenin degradation, leading to more b-
catenin than in untreated Panc-Vec and Panc-PAUF cells
(Fig. 3D). These results suggest that b-catenin degradation caused
by SIRT1 activation occurs via proteasomes. Next, we speculated
whether SIRT1-induced b-catenin degradation requires a new pro-
tein synthesis. To test this, Panc-Vec and Panc-PAUF cells were
treated with cycloheximide in the presence of resveratrol. As
shown in Fig. 3E, the inhibition of new protein synthesis with
cycloheximide further enhanced the degradation of b-catenin in
Panc-Vec and Panc-PAUF cells treated with resveratrol as com-
pared to Panc-Vec and Panc-PAUF cells treated with resveratrol
alone. This result implies that b-catenin degradation induced by
SIRT1 does not require a new protein synthesis at least, although
the mechanism of cycloheximide-induced acceleration of SIRT1-in-
duced b-catenin degradation remains unclear.

3.4. SIRT1 activation inhibits proliferation of Panc-PAUF cells

Finally, we speculated whether SIRT1 activation can inhibit pro-
liferation of Panc-PAUF cells. If our hypothesis is true, SIRT1



Fig. 4. Activation of SIRT1 inhibits proliferation of Panc-PAUF cells through down-regulation of b-catenin-cyclin-D1 signaling. (A) Panc-PAUF cells were treated with or
without resveratrol (50 lM) and cell proliferation was observed under light microscopy for 48 h. Cell proliferation was also evaluated using Trypan blue exclusion. (⁄; DMSO
treatment at 48 h vs. Res treatment at 48 h; p < 0.01). (B) Cell lysates from Panc-PAUF cells treated with DMSO or resveratrol were prepared for the examination of cyclin-D1
protein levels. Cyclin-D1 protein levels were evaluated with immunoblotting using anti-cyclin-D1 antibody.
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activation may be a useful regimen for the treatment of pancreatic
cancer. To answer this question, we treated Panc-PAUF cells with
resveratrol. As shown in Fig. 4A, resveratrol treatment inhibited
cell proliferation after 24 h of exposure. The number of viable
mock-treated Panc-PAUF cells was approximately 2 times that of
resveratrol-treated Panc-PAUF cells 48 h post-treatment (Fig. 4A)
(p < 0.01). After Panc-PAUF cells were treated with resveratrol or
DMSO as a control, cell lysates were prepared at 24 and 48 h after
the treatment. The expression of b-catenin was examined by
immunoblotting using anti-b-catenin antibody. We further exam-
ined the expression of b-catenin target gene such as cyclin-D1 be-
cause elevated expression of cyclin-D1 is preferentially detected in
proliferating and tumorigenic cells. As seen in Fig. 4B, the expres-
sion of cyclin-D1 was lower in resveratrol-treated cells than in
DMSO-treated cells at 24 and 48 h after the treatment. These re-
sults suggest that SIRT1 activation can be a potential therapeutic
approach for treatment of Panc-PAUF cells.
4. Discussion

In a previous study, we outlined a molecular mechanism by
which PAUF contributes to the development of pancreatic cancer
by up-regulation of b-catenin, leading to the rapid proliferation
of pancreatic cells [6]. We found that PAUF-induced phosphoryla-
tion of b-catenin follows a different phosphorylation pattern than
that achieved by treatment with Wnt3a or Bt2-cAMP (a cAMP ana-
logue; Protein kinase A activator). Because Akt-GSK-3b signaling is
used by PAUF, Wnt3a, and Bt2-cAMP, the hyper-phosphorylation
of Ser-33/37 and Thr-41 is thought to lead to the ubiquitination
and proteasomal degradation of b-catenin. However, while Wnt3a
and Bt2-cAMP treatment reduced b-catenin phosphorylation at
Ser-33/37 and Thr-41, PAUF-induced b-catenin hyper-phosphory-
lation of these sites actually stabilized b-catenin levels [6]. Based
on these results, we imagined that PAUF may also recruit or acti-
vate a molecule that is downstream of GSK-3b, thereby interrupt-
ing the ubiquitin E3 ligase-mediated degradation of b-catenin that
would otherwise occur. However, we observed that neither GSK-3b
nor Siah-1 siRNA treatment blocked degradation of b-catenin
during the activation of SIRT1. This indicates that SIRT1-mediated
degradation of b-catenin takes place independently of GSK-3b or
Siah-1. We believe that SIRT1 may block the actions of the
signaling molecules that are provoked by PAUF. Further studies
are therefore needed in order to illustrate the molecular mecha-
nism by which SIRT1 degrades b-catenin in Panc-PAUF cells.

Several studies have suggested that SIRT1 plays a role as a tu-
mor suppressor. One study found that mouse embryonic fibro-
blasts derived from SIRT1-null mice are prone to spontaneous
immortalization [31]. SIRT1 also has been shown to inhibit andro-
gen receptor-dependent cell proliferation of prostate tumor cells
[32]. Recent studies have reported that SIRT1 overexpression
inhibits the growth of colon cancer cells, depending on b-catenin
activity. The same study also showed that SIRT1 sequesters b-cate-
nin, thereby interrupting translocation of b-catenin to the nucleus
[26]. However, while that study found that overexpression of SIRT1
did not induce b-catenin degradation, we observed that SIRT1
overexpression induced degradation of b-catenin. This differential
outcome may result from the use of different cancer cells in each
study (colon vs. pancreas). We also found that cytoplasmic locali-
zation of SIRT1 was still able to suppress b-catenin protein levels
in Panc-PAUF cells, as compared to wild type SIRT1 that was local-
ized in the nucleus. We are currently investigated how the differ-
ent localizations of SIRT1 both result in the down-regulation of
b-catenin.
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