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Abstract: Rottlerin, a natural product isolated from Mallotus philippinensis, has been characterized as an effective
chemoprevention agent in inhibiting tumor cell growth. Although multiple studies have revealed the role of rottlerin
in tumorigenesis, the molecular mechanism of rottlerin-mediated anti-tumor activity has not been fully elucidated.
It has been reported that Skp2 (S-phase kinase associated protein 2) plays an oncogenic role in human malignan-
cies, indicating that inactivation of Skp2 could be a promising approach for the treatment of cancers. Therefore,
in this study, we aim to investigate whether rottlerin exhibits its anti-tumor activities via targeting Skp2 pathway
in pancreatic cancer. We found that rottlerin inhibited cell growth, induced apoptosis, arrested cell cycle, and re-
tarded cell invasion and migration. Notably, we observed that the expression of Skp2 was significantly decreased
in rottlerin-treated pancreatic cancer cells. Importantly, overexpression of Skp2 abrogated the anti-tumor function
induced by rottlerin in pancreatic cancer cells. Consistently, depletion of Skp2 promoted rottlerin-mediated inhibi-
tion of cell growth and invasion. Collectively, our study demonstrated that rottlerin could suppress Skp2 expression
and subsequently exert its tumor suppressive function in pancreatic cancer cells, suggesting that rottlerin might be
a potential therapeutic compound for treating pancreatic cancer.
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Introduction discover new treatments to benefit patients
with PC.

Pancreatic cancer (PC) is one of the common
human malignancies. An estimated 53,070
people will be diagnosed with PC and 41,780
persons will die from this deadly disease in the

United States in 2016 [1]. The 5-year relative

A large majority of available anti-cancer drugs
are natural products or natural product-derived
drugs or natural product mimics [4]. Rottlerin,
also known as mallotoxin, is a natural com-

survival of PC is currently 8% partly due to that
some PC cases are diagnosed at a distant
stage [1]. Although PC systemic therapies have
been improved, the outcomes of patients with
PC have not markedly changed [2]. For exam-
ple, more than 80% of PC patients suffer dis-
ease relapse after surgery resection. Chemo-
therapeutic therapy has yielded only modest
improvements in PC survival partly due to
acquired drug resistance [3]. Chemoradio-
therapy is used in locally advanced PC, but
patients with PC failed to achieve big benefit
from this treatment [2]. Therefore, it is urgent to

pound isolated from the tree Mallotus phillippi-
nensis [5]. Rottlerin was initially characterized
as a PKC? inhibitor and recently considered as
an antioxidant and a potent inhibitor of NF-kB, a
key regulator in controlling cell cycle and growth
in human cancer cells [6]. Moreover, it has been
demonstrated that rottlerin exhibited tumor
suppressive function in cancer cells. For exam-
ple, Lu et al. reported that rottlerin decreased
LRP6 expression and its phosphorylation level,
and suppressed Wnt/B-catenin and mTORC1
pathways, and subsequently down-regulated
the expression of cyclin D1 and Survivin in pros-


http://www.ajcr.us

Rottlerin inhibits Skp2 expression

tate and breast cancer cells [7]. One study vali-
dated that rottlerin triggered autophagy th-
rough inhibition of mMTORC1 activity in breast
cancer cells [8]. Another group found that rot-
tlerin triggered apoptosis and inhibited cell
growth via targeting Akt, Notch and Shh signal-
ing pathways in pancreatic cancer cells [9].
Although these studies have validated the role
of rottlerin in tumorigenesis, further investiga-
tions are necessary to explore the molecular
mechanism of rottlerin-mediated tumor sup-
pressive function.

It has been documented that dysregulation of
some genes such as K-ras, CDKN2A, TP53,
Smad4, and ARID1A contributes to the devel-
opment and progression of PC [10, 11]. Ubiqui-
tination by the ubiquitin proteasome system
(UPS) is a post-translational modification, which
controls protein degradation. Skp2, one of the
well-characterized F-box proteins, functions as
the substrate-recruiting component of the SCF
(Skp1-Cullin1-F-box complex) type of E3 ubiqui-
tin ligase complex [12]. Recently, S-phase ki-
nase-associated protein 2 (Skp2) has been
revealed to be critically involved in tumorigene-
sis including PC [13, 14]. Skp2 has been report-
ed to regulate cellular proliferation, cell cycle,
apoptosis, and metastasis through targeting its
substrates for ubiquitination and degradation
[15]. The substrates of Skp2 include p21 [16],
p27 [17], p57 [18], p53 [19], and Foxol [20].
Since these substrates are tumor suppressive
proteins, Skp2 has been validated as an onco-
protein in tumorigenesis [21]. Indeed, overex-
pression of Skp2 was strongly associated with
aggressive tumor behavior and poor clinical
outcome in a wide range of human cancers
[22]. Therefore, inactivation of Skp2 could be a
promising approach to benefit the cancer
patients.

In the present study, we explored whether Skp2
plays a pivotal role in regulation of cell growth,
apoptosis, migration and invasion via overex-
pression or depletion of Skp2 in PC cells. We
also investigated whether rottlerin exerts its
anti-tumor activity in PC cells using multiple
methods such as cell growth assay, FACS,
wound healing assay, Transwell invasion analy-
sis. Mechanistically, we determined whether
rottlerin-mediated tumor suppressive activity is
due to inactivation of Skp2 in PC cells by
Western blotting and transfection. Our results
demonstrated that the anti-tumor effects
induced by rottlerin are partly through inhibi-

2179

tion of Skp2 expression in PC cells, indicating
that rottlerin could be a safe and effective
agent for the treatment of PC.

Materials and methods
Cell culture and reagents

Human pancreatic cancer cell lines Patu8988
and Pancl were cultured in DMEM supplement-
ed with 10% fetal bovine serum and 1% penicil-
lin and streptomycin in a 5% CO, atmosphere at
37°C. Primary anti-Skp2 antibody was obtained
from Santa Cruz Biotechnology (Santa Cruz,
CA). Anti-p21 and anti-p27 antibodies were pur-
chased from Cell Signaling Technology (Dan-
vers, MA). All secondary antibodies were pur-
chased from Thermo Scientific (Waltham, MA).
Lipofectamine 2000 was obtained from In-
vitrogen. Monoclonal anti-B-actin and rottlerin
(CAS number R5648, > 85% rottlerin) were pur-
chased from Sigma-Aldrich (St. Louis, MO). CTG
(Cell Titer-Glo Luminescent) was obtained from
Promega. Rottlerin was dissolved in DMSO to
make a 10 mM stock solution and was added
directly to the medium at different concentra-
tions. Cells were treated with 0.1% DMSO as
the control group.

Cell viability assay

Cells were seeded at 8 x 103 cells/well in 96-
well plate for 24 h and treated with different
concentrations of rottlerin. After 48 hand 72 h,
20 ul of the CellTiter-Glo® luminescence (CTG)
solution was added to each well and incubated
for 10 min at 37°C. Then, the reaction mixture
was measured by the microplate.

Cell apoptosis analysis

Cells were cultured in six-well plate overnight
and treated with various concentrations of rot-
tlerin for 48 h. Then, cells were harvested and
washed with PBS, resuspended in 500 ul bind-
ing buffer with 5 yl Propidium iodide (PI) and 5
pl FITC-conjugated anti-Annexin V antibody.
Apoptosis was analyzed with a FACScalibur flow
cytometer (BD, USA).

Clonogenic assay

Patu8988 and Pancl cells were seeded in a
6-well plate and incubated overnight. After 72 h
exposure to different concentrations of rottler-
in, the viable cells were seeded into 100 mm
dishes and incubated for 21 days at 37°C in a
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Figure 1. Rottlerin inhibited cell growth, induced apoptosis, and arrested cell cycle. A. Cell growth was measured by
CellTiter-Glo® luminescence assay in PC cells after rottlerin treatment for 48 hours and 72 hours. *P < 0.05, **P
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< 0.01, compared to the control (DMSO treatment group). B. The colony activity was measured by Colony formation
analysis in PC cells treated with different concentrations of rottlerin. C. Flow cytometry was conducted to detect the
cell apoptosis in rottlerin-treated PC cells. D. Cell cycle was analyzed by Flow cytometry in PC cells treated with rot-

tlerin.

humidified 5% CO, atmosphere. All the colonies
were stained with 2% crystal violet.

Cell cycle analysis

Exponentially growing cells (2 x 10° cells/well)
were seeded in a 6-well plate overnight and
then treated with respective concentrations of
rottlerin for 48 h. After 48 h, cells were collect-
ed and washed with cold PBS. Then, suspend-
ed cells with 70% cold alcohol were kept at 4°C
overnight. Prior to analysis, the cells were wa-
shed with cold PBS, and re-suspended at 1 x
108 cells/ml in PBS. Cells were incubated with
0.1 mg/ml RNase | and 50 mg/ml Propidium
iodide (PI) at 37°C for 30 min. Cell cycle was
analyzed with a FACScalibur flow cytometer
(BD, USA).

Cell scratch assay

Patu8988 cells and Pancl cells were cultured
in 6-well plate. After cells converged almost
100%, absorbed the supernatantand scratched
the cells with a yellow pipette tip. Then washed
the cells with PBS and added medium with rot-
tlerin. The scratched area was photographed
with a microscope at O h and 20 h, respectively,
as described before [23].

Cell invasion assay

Cell invasion assay was conducted to test the
invasive activity of Patu8988 and Pancl cells
treated with rottlerin or Skp2 transfection or
combination [23]. Briefly, transfected cells were
seeded in the upper chamber with 200 pl
serum-free medium and there is 500 pl com-
plete medium in the under chamber with the
same concentration of rottlerin. After incuba-
tion for 24 h, the membrane of the chamber
was strained with Giemsa and photographed
with a microscope.

Transfection

Cells were seeded into 6-well plate and trans-
fected with Skp2 cDNA or Skp2 siRNA or empty
vector using lipofectamine 2000 following the
instruction’s protocol [24]. Skp2 siRNA: sense
5-GUG AUA GUG UCA UGC UAA ATT-3’; anti-
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sense 5-UUU AGC AUG ACA CUA UCA CTT-3.
After the transfection, the cells were subjected
to further analysis as described under the
results sections.

Western blotting analysis

The harvested cells were washed by PBS and
lysed with protein lysis buffer. The concentra-
tions of the proteins were tested by BCA Protein
Assay kit (Thermo Scientific, MA). Same amount
of protein samples were separated by electro-
phoresis in Sodium Dodecyl Sulfonate (SDS)-
polyacrylamide gel and then transferred onto a
Polyvinylidene Fluoride (PVDF) membrane, and
then incubated with primary antibody at 4°C
overnight. After washed with TBST for three
times and incubated with second antibody at
room temperature for one hour. Then the
expression of protein was detected by electro-
chemiluminescence (ECL) assay.

Statistical analysis

All statistical analyses were conducted using
GraphPad Prism 5.0 (Graph Pad Software, La
Jolla, CA). Student t-test was used to measure
the difference between control group and sin-
gle treatment group. ANOVA was performed to
evaluate statistical significance between single
treatment and combination treatments. All
experiments have been done triple times.
Results were presented as means + SD. P <
0.05 was considered as statistically signifi-
cant.

Results
Rottlerin inhibited cell proliferation

It has been reported that rottlerin suppressed
cell growth in PC cells isolated from Kras
(G12D) mice [9]. To determine whether rottlerin
inhibited cell growth in PC cell lines, cell viabili-
ty assay was performed to detect the effects of
rottlerin on patu8988 and Pancl cells. Our
results showed that 2 uM rottlerin treatments
led to 45% and 65% inhibition of cell growth at
48 hours and 72 hours, respectively, in
Patu8988 cells (Figure 1A). Moreover, 4 uM
rottlerin significantly inhibited 80% of cell
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Figure 2. Rottlerin inhibited cell migratory activity and suppressed the expression of Skp2 on PC cells. (A) Left panel:
cell migration was measured by wound healing assay in Patu8988 cells (top panel) and Pancl cells (bottom panel)
after rottlerin treatment. Right panel: Quantitative results are illustrated for the degree of wound healing. **P <
0.01, vs control (DMSO treatment group). (B) Transwell chambers assay was conducted to measure the inhibitory
effect on Patu8988 cells (left panel) and Pancl cells (right panel) after rottlerin treatment. (C) The expression of
Skp2, p27 and p21 was determined by Western blotting analysis in Patu8988 and Pancl cells after rottlerin treat-
ment. (D) Quantitative results are illustrated for (C). **P < 0.01 vs control.
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Figure 3. Over-expression of Skp2 abrogated rottlerin-induced inhibition of cell growth, migration and invasion. A.
CellTiter-Glo® luminescence assay was used to investigate cell growth in PC cells after rottlerin treatment in com-
bination with Skp2 cDNA transfection. *P < 0.05, compared with control; #P < 0.05, compared with rottlerin treat-
ment alone or Skp2 cDNA transfection alone. Control: cDNA control (pcDNA 3.1); cDNA: Skp2 cDNA; Both: rottlerin
+ Skp2 cDNA. B. Left panel: The wound healing assay was conducted to test the cell migration in PC cells after
Skp2 cDNA transfection plus rottlerin treatment. Right panel: Quantitative results are illustrated for left panel. *P
< 0.05 vs control. C. Left panel: The invasive ability was detected by Transwell chambers assay in Patu8988 and
Panc1 cells treated with rottlerin and Skp2 cDNA transfecton. Right panel: Quantitative results are illustrated for the
numbers of invasion cells. *P < 0.05, compared with control; #P < 0.05 compared with rottlerin treatment alone or
Skp2 cDNA transfection alone.
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growth in Patu8988 cells (Figure 1A). Our data
further suggested that rottlerin markedly sup-
pressed cell growth in time- and dose-depen-
dent manners in Patu8988 cells. Similar results
were observed in Pancl cells (Figure 1A).
Specifically, 1 uM and 3 uM rottlerin treatments
resulted in 30% and 75% of cell growth inhibi-
tion, respectively, at 72 hours in Pancl cells
(Figure 1A). Collectively, rottlerin inhibited cell
growth in both Patu8988 and Pancl cells. To
further validate the anti-proliferation function
of rottlerin, colony formation assay was con-
ducted to detect the colony numbers in rottler-
in-treated PC cells. We observed that rottlerin
significantly reduced colony numbers in both
PC cell lines (Figure 1B), suggesting that rot-
tlerin suppressed cell growth in PC cells.

Rottlerin induced apoptosis in PC cells

It has been reported that rottlerin stimulated
apoptosis in PC cells by interacting with mito-
chondria and stimulating cytochrome c release
[25]. Next, we investigated the effects of rot-
tlerin on apoptosis in Patu8988 and Pancl
cells using PI-FITC-annexin assay. We found
that 4 uM rottlerin treatments for 48 hours led
to cell apoptosis from 17.1% to 28.5% in pa-
tu8988 cells (Figure 1C). Similarly, apoptotic
cells were increased from 12.76% to 31.5% in
Pancl cells after 3 uM rottlerin treatment for
48 hours (Figure 1C). Our findings unraveled
that rottlerin could trigger cell apoptosis in PC
cell lines.

Rottlerin induced cell cycle arrest

To further explore the mechanism of rottlerin-
mediated anti-proliferation in PC cells, cell
cycle analysis was performed by Pl staining and
flow cytometry in both patu8988 and Pancl
cells after rottlerin treatment. We observed
that rottlerin arrested cell cycle at G1 phase in
both PC cells. For example, adding 4 uM rot-
tlerin to Patu8988 cells caused G1 phase from
48% to 67% (Figure 1D). In line with this, 3 yM
rottlerin led to increased G1 phase from 59% to
82% in Pancl cells (Figure 1D). These results
identified that rottlerin induced G1 phase arrest
in PC cells, which could contribute to cell growth
inhibition induced by rottlerin.

Rottlerin retarded cell migration and invasion

To investigate whether rottlerin has any effect
on cell migration and invasion in PC cells, the
wound healing assay and invasion analysis
were performed using scratch approach and
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matrigel-coated membrane method, respec-
tively. The results from wound healing assay
clearly showed that rottlerin remarkably retard-
ed cell migration in a dose-dependent manner
in both patu8988 and Pancl cells (Figure 2A).
In support of this, our invasion assay demon-
strated that rottlerin decreased the cell num-
bers of penetration of PC cells through the
matrigel-coated membrane (Figure 2B). Alto-
gether, rottlerin could inhibit cell migratory
activity and invasion in PC cells.

Rottlerin decreased Skp2 expression

It has been reported that overexpression of
Skp2 was observed in PC patients [26], indicat-
ing that inactivation of Skp2 could be helpful
for achieving better outcome of PC. Therefore,
we detected whether rottlerin could inactivate
the expression of Skp2 in PC cells by Western
blotting analysis. We found that Skp2 expres-
sion was significantly down-regulated by rot-
tlerin treatment in dose-dependent manner in
both PC cell lines (Figure 2C and 2D). To further
confirm the inhibition of Skp2 by rottlerin, we
also measured the expression of p27 and p21,
two key targets of Skp2, in PC cells treated with
rottlerin. As expected, we observed the up-reg-
ulation of p27 and p21 in both PC cells after
rottlerin treatment (Figure 2C and 2D). These
results suggest that rottlerin could suppress
Skp2 expression in PC cells.

Over-expression of Skp2 abrogated rottlerin-
induced cell growth inhibition

To determine whether rottlerin exhibited its
anti-tumor physiological function via inactiva-
tion of Skp2, PC cells were transfected with
Skp2 cDNA and then treated with rottlerin for
48 hours. In the following experiments, 3 uM
rottlerin and 4 uM rottlerin were used for Pancl
and Patu8988 cells, respectively. We found
that overexpression of Skp2 enhanced cell
growth in both patu8988 and Pancl cells
(Figure 3A). More importantly, Skp2 cDNA
transfection rescued cell growth inhibition
induced by rottlerin in both PC cells (Figure 3A),
demonstrating that rottlerin inhibited cell
growth partly through down-regulation of Skp2
in PC cells.

Over-expression of Skp2 enhanced cell motility
and inhibited cell apoptosis

Next, we determine the cell motility of PC cells
treated with rottlerin in combination with Skp2
cDNA transfection. Our wound healing assay

Am J Cancer Res 2016;6(10):2178-2191
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Figure 4. Skp2 overexpression inhibited rottlerin-induced apoptosis in PC cells. A. Cell apoptosis was measured by
Flow cytometry in PC cells transfected with Skp2 cDNA and treated with rottlerin. B. Left panel, the expression of
Skp2 and its target p21 was measured by Western blotting in PC cells with Skp2 cDNA transfection and rottlerin
treatment. Right panel, Quantitative results are illustrated for left panel. Control: cDNA control (pcDNA 3.1); cDNA:
Skp2 cDNA; Both: rottlerin + Skp2 cDNA. *P < 0.05, compared with control; #P < 0.05 compared with rottlerin treat-
ment alone or Skp2 cDNA transfection alone.

results showed that overexpression of Skp2 migration inhibition to a great degree in PC
promoted cell migration in both PC cell lines cells (Figure 3B). Consistently, our invasion
(Figure 3B). Moreover, over-expressing Skp2 assay showed that Skp2 cDNA transfection
cells abrogated the rottlerin-mediated cell markedly enhanced cell invasion compared
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rottlerin or siRNA treatment. C. Invasion assay was performed in PC cells after Skp2 siRNA transfection plus rottlerin
treatment. Quantitative results are illustrated for the numbers of invasion cells. *P < 0.05, compared with control;
#P < 0.05 compared with rottlerin treatment alone or siRNA transfection alone.
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Figure 6. Down-regulation of Skp2 promoted rottlerin-induced apoptosis in PC cells. A. Apoptosis was determined
by Flow cytometry in Patu8988 and Panc1 cells with Skp2 siRNA transfection and rottlerin treatment. Both: rottlerin
+ Skp2 siRNA. B. Left panel: Skp2 expression was tested by Western blotting analysis in PC cells with Skp2 siRNA
transfection and rottlerin treatment. Right panel: Quantitative results are illustrated for left panel. *P < 0.05, vs
control; #P < 0.05 vs rottlerin treatment or Skp2 siRNA transfection.

with the control group (Figure 3C). Strikingly, (Figure 3C). In addition, we observed that over-
Skp2 overexpression rescued the rottlerin-trig- expression of Skp2 significantly inhibited cell
gered inhibition of cell invasion in PC cells apoptosis in both PC cell lines (Figure 4A).
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Figure 7. A schematic J_
illustration of how rot-

tlerin exerts its anti-tu-
mor activity via target-

ing Skp2 in PC cells. ( \

1

that Skp2 siRNA transfection in-
creased p27 and p21 levels in PC
cells (Figure 6B). Rottlerin treat-
ment plus Skp2 siRNA upregulated
p27 and p21 expression to more
degree compared to rottlerin alone
or siRNA transfection alone (Figure
6B). These findings indicate that rot-
telrin exerted its anti-tumor activity
partly through down-regulation of
Skp2 in PC cells.

Discussion

Emerging evidence has validated
that Skp2 was critically involved in

A
[ |

Importantly, Skp2 overexpression abrogated
rottlerin-induced cell apoptosis in PC cells
(Figure 4A). Notably, we found that Skp2 cDNA
remarkably increased the expression of Skp2
in PC cells (Figure 4B). Furthermore, down-reg-
ulation of Skp2 by rottlerin was rescued by
Skp2 cDNA transfection in PC cells (Figure 4B).
We also observed that overexpression of Skp2
abrogated rottlerin-mediated induction of p21
level in PC cells (Figure 4B).

Down-regulation of Skp2 by its siRNA promot-
ed rottlerin-induced anti-tumor activity

To dissect the role of Skp2 in rottlerin-mediate
anti-cancer activity, PC cells were transfected
with Skp2 siRNA and then treated with rottlerin
for 48 hours. In line with the oncogenic role of
Skp2, we found that the depletion of Skp2
inhibited cell growth in both PC cells (Figure
B5A). Moreover, down-regulation of Skp2 signifi-
cantly enhanced cell growth inhibition induced
by rottlerin (Figure 5A). Our wound healing
assay results revealed that down-regulation of
Skp2 retarded cell migration (Figure 5B). We
also found that depletion of Skp2 inhibited cell
invasion in both PC cell lines (Figure 5C).
Notably, Skp2 siRNA transfection in combina-
tion with rottlerin treatment retarded cell migra-
tion and invasion to a greater degree compared
with rottlerin alone or siRNA treatment alone
(Figure 5B and 5C). We also found that deple-
tion of Skp2 induced apoptosis in PC cells
(Figure 6A). Skp2 siRNA transfected cells were
significantly more sensitive to rottlerin-induced
apoptosis (Figure 6A). Our results also showed
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tumorigenesis via promoting tumor
growth and invasion mainly through
targeting its substrates [13]. Cli-
nically, high level of Skp2 was observed in a
variety of human cancers including PC [26].
Overexpression of Skp2 was reported to be
associated with the extent of lymph node
metastasis, higher histological grade and poor-
er outcome in PC patients [26]. Several lines of
evidence show that Skp2 promoted tumor pro-
gression and metastasis by down-regulation of
p27 tumor suppressor protein and blocking
p53-mediated apoptosis in PC cells [27-30].
Moreover, one study found that Skp2 conferred
resistance of PC cells towards TRAIL (tumor
necrosis factor-related apoptosis-inducing li-
gand) -induced apoptosis [31]. Recently, it has
been reported that depletion of Y-box binding
protein-1 inhibited tumor growth and arrested
cell cycle via downregulation of Skp2 and con-
sequent p27 accumulation in PC cells [32]. In
current study, we also observed that overex-
pression of Skp2 enhanced cell growth, migra-
tion and invasion, whereas depletion of Skp2
inhibited cell growth and retarded migration
and invasion. Altogether, Skp2 could play an
oncogenic role in pancreatic tumorigenesis.

Since oncoprotein Skp2 is overexpressed in PC,
inactivation of Skp2 could block development
and progression of PC. Several groups have dis-
covered multiple Skp2 inhibitors for inactiva-
tion of Skp2. For example, Singh R et al. have
found that 5-bromo-8-toluylsulfonamidoquino-
line-1 inhibited the Cks1-Skp2 protein-protein
interaction, and subsequently increased p27
accumulation and inhibited cell growth of lung
tumor cells [33]. Another group developed com-
pound M1 as a Skp2 inhibitor, which could tar-
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get the p300-binding site of Skp2 and thus
blocks the Skp2/p300 interaction, leading to
induction of p53-mediated apoptosis and cell
death in cancer cells [34]. Additionally, arsenic
trioxide has been found to exert anti-cancer
activity in PC cells by down-regulating of Skp2
and upregulation of skp2 downstream targets
such as FOXO1 and p53 [27]. Lin et al. reported
that caffeic acid phenethyl ester inhibited cell
growth and induced cell cycle arrest via regula-
tion of Skp2 and its targets including p53, p21
and p27 in prostate cancer cells [35]. Recently,
several natural compounds have been discov-
ered as Skp2 inhibitors [35-38]. Flavokawain A
(FKA), a chalcone from the kava plant, selec-
tively down-regulated Skp2 in a proteasome
dependent and ubiquitination mediated man-
ner, and subsequently upregulated p27 level in
prostate cancer [39]. Huang et al. reported that
quercetin, curcumin and lycopene induced cell
cycle arrest in breast cancer cells through
downregulation of Skp2 protein [36]. Similarly,
curcumin was found to exhibit cytotoxic effects
on breast cancer cells via targeting PI3K/Akt-
SKP2-Cip/Kips pathway [37, 38]. Our previous
study also showed that curcumin inhibited cell
growth and induced apoptosis through inhbi-
tion of Skp2 in glioma cells [40]. In the present
study, we observed that rottlerin downregulat-
ed Skp2 expression and subsequently accumu-
lated its target genes levels including p21 and
p27 in PC cells, suggesting that rottlerin could
be a potential inhibitor of Skp2 in pancreatic
cancer cells (Figure 7).

Several laboratories have demonstrated that
rottlerin plays a key role in regulation of cell
cycle and apoptosis through multiple signal
pathways, including NF-kB-dependent and PK-
Co/ERK-dependent pathway in human cancers
[41, 42]. Rottlerin has also been reported to
inhibit autophagy in pancreatic cancer cells
[43]. Recently, further studies have discovered
that rottlerin could regulate multiple pathways,
including Akt, Notch and Shh signaling path-
ways [9], Bcl-2 family [25], eEF-2K (elongation
factor-2 kinase) [44] and PI3K/Akt/mTOR [45]
pathway in PC cells. These reports argue that
rottlerin could govern the expression of some
genes. Therefore, further in-depth investiga-
tions are required to explore which pathway is
pivotal for rottlerin-mediated anti-tumor activity
in PC cells. More molecular studies are neces-
sary to investigate how rottlerin inhibits Skp2
expression in PC cells. Furthermore, in vivo
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study is important to detect whether rottlerin
retards tumor growth via inhibition of Skp2 in
PC mouse models. In conclusion, our study
identified that anti-tumor activities by rottlerin
in PC cells could be partly through inactivation
of Skp2, suggesting that inhibiting Skp2 by rot-
tlerin could be a potential effective strategy to
treat PC.
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