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Abstract

Kidney cancer (or renal cell carcinoma, RCC) is the sixth
most common malignancy in the United States and one of the
relatively few whose incidence is increasing. Because of the near
universal resistance which occurs with the use of current treat-
ment regimens, reprogrammed metabolic pathways are being
investigated as potential targets for novel therapies of this
disease. Borrowing from studies on other malignancies, we
have identified the PAK4 and NAD biosynthetic pathways as
being essential for RCC growth. We now show, using the dual
PAK4/NAMPT inhibitor KPT-9274, that interference with these
signaling pathways results in reduction of G2–M transit as well
as induction of apoptosis and decrease in cell invasion and
migration in several human RCC cell lines. Mechanistic studies
demonstrate that inhibition of the PAK4 pathway by KPT-9274

attenuates nuclear b-catenin as well as the Wnt/b-catenin tar-
gets cyclin D1 and c-Myc. Furthermore, NAPRT1 downregula-
tion, which we show occurs in all RCC cell lines tested, makes
this tumor highly dependent on NAMPT for its NAD require-
ments, such that inhibition of NAMPT by KPT-9274 leads to
decreased survival of these rapidly proliferating cells. When
KPT-9274 was administered in vivo to a 786-O (VHL-mut)
human RCC xenograft model, there was dose-dependent inhi-
bition of tumor growth with no apparent toxicity; KPT-9274
demonstrated the expected on-target effects in this mouse
model. KPT-9274 is being evaluated in a phase I human clinical
trial in solid tumors and lymphomas, which will allow this data
to be rapidly translated into the clinic for the treatment of RCC.
Mol Cancer Ther; 15(9); 2119–29. �2016 AACR.

Introduction
Kidney cancer, one of the few malignancies increasing in

incidence in the United States, has a poor response to currently
available agents and therefore new therapies are urgently needed
(1). On the basis of work from our group and others (2, 3), it is
becoming evident that RCC is truly a metabolic disease such that
exploitation of newly discovered altered metabolic pathways is a
fertile area for therapeutic target discovery. In our continuing
evaluation of such reprogramming, it has become apparent that
two such pathways, PAK4/b-catenin and NAD synthesis, are
important in RCC progression but as yet have not been evaluated
with respect to potential therapeutic targeting in this disease.

Given that PAK signaling (4, 5) andNAD generation (6, 7) play
key roles in survival, proliferation, and oncogenic transformation,
the discovery of a dual inhibitor of these pathways begged its
evaluation in RCC. PAK4 is a group II PAK isoform and shows
ubiquitous tissue expression (4). PAK4,which is embryonic lethal

in knockout mouse models, is fully activated when bound to
Cdc42 leading to modulation of nucleocytosolic trafficking of
b-catenin. Through a two-step process, PAK4 stabilizes and acti-
vates b-catenin transcription of Wnt target genes such as cyclin D
which is essential in regulating cell proliferation (8), and c-Myc
which regulates apoptosis (9, 10) and glutamine reprogramming
(11, 12).While PAK4 signaling has been studied in some detail in
othermalignancies (13), its only evaluation in kidney cancer prior
to the work described here was to show that it portended both
recurrence and adverse prognosis in patients with post-nephrec-
tomy nonmetastatic clear cell renal cell carcinoma (ccRCC;
ref. 14).

Targeting the regeneration of NAD, which is an essential
metabolite for sustaining energy production especially in rapidly
proliferating cancer cells, has the potential to be a successful
therapeutic strategy in cancer (6). In this scheme, inhibition of
NAMPT, the rate-limiting enzyme of one of the NAD biosynthesis
salvage pathways utilizing nicotinamide, results in significant
depletion of NAD which is a key cofactor in the TCA cycle,
epigenetics (sirtuins), and DNA repair (PARP). As NAPRT1 which
controls the alternative NAD biosynthesis salvage pathway
through nicotinic acid (NA or niacin) is often downregulated in
specific malignancies through epigenetic promoter silencing (6),
these cancers become highly dependent on NAMPT activity,
making NAMPT an attractive potential therapeutic target. Prior
to our work described here, the NAD salvage pathway had not
been studied in human RCC, although in a murine kidney cancer
(RENCA) model, attenuation of NAD biogenesis showed anti-
angiogenic properties (15).

In the current study, we demonstrate that RCC cells and
xenograft tissues utilize both PAK4 and NAD biosynthesis path-
ways for survival and that a novel dual PAK4/NAMPT inhibitor,
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KPT-9274, decreases xenograft growth by specifically affecting
these pathways. There were minimal KPT-9274 effects on the
normal human RPTECs and no apparent toxicity in vivo. This
compound is currently under evaluation inphase I human clinical
trials for the safety, tolerability, and efficacy for the treatment of
solid tumor malignancies and non-Hodgkin lymphoma
(NCT02702492), such that with the preclinical data in RCC
shown here, it can be rapidly translated into the clinic for eval-
uation of RCC treatment.

Materials and Methods
Materials

MTT solution, mouse monoclonal anti-b-actin, NA, NMN, and
NADwere obtained from Sigma. The antibodies against [PAK4, p-
PAK4, b-catenin, p-b-catenin, cyclin D1, c-Myc, b-actin (rabbit),
PARP, Sirtuin 1] were from Cell Signaling Technology, Inc. Goat
anti-mouse and goat anti-rabbit horseradish peroxidase (HRP)-
conjugated IgG were obtained from Bio-Rad. Anti-NAMPT was
from Bethyl Laboratories, anti-NAPRT1 was from Proteintech.
ECL Plus solution was from Thermo-Fisher Scientific. KPT-9274
and its vehicle were from Karyopharm Therapeutics. FK866 was
from Tocris Biosciences. Sunitinib was obtained from LC
Laboratories.

Cell lines
All RCC cell lines (786-0, ACHN,Caki-1) andU-2OS cells were

purchased fromATCC in 2013 and authenticated originally by the
source using short tandem repeat (STR). Cells were expanded and
then frozen at low passage within 4 weeks after the receipt of the
original stocks. Thawed cells were used within 15 passages with-
out further authentication for this study. The "normal human
proximal epithelial kidney cell line" (RPTEC)was purchased from
Lonza in 2015, authenticated by STR by the source, and used
within 8 passages. All cells were routinely monitored in our
laboratory for cellular morphology and microbial presence by
microscopic observation and they were mycoplasma tested after
each thaw or every 6 weeks if they are growing in culture. RPTEC
cells, 786-O, and Caki-1 cells were all maintained in DMEM
supplemented with 10% FBS, 100 U/mL streptomycin, and
100 mg/mL penicillin. The cells were maintained at 5% CO2 and
at 37�C.

Enzymatic NAMPT assay
For the effect of KPT-9274 on NAMPT activity, recombinant

NAMPT activity was measured using a coupled-enzyme reaction
system (CycLex NAMPT Colorimetric Assay Kit cat # CY-1251:
CycLex Co., Ltd.). The two-step protocol was used following the
manufacturer's instructions. Briefly, NAMPT was incubated with
KPT-9274, in the presence of ATP, nicotinamide, phosphoribosyl
pyrophosphate (PRPP), and nicotinamide nucleotide adenylyl-
transferase 1 (NMNAT1), for 60 minutes at 30�C. Water-soluble
tetrazolium salts (WST-1), alcohol dehydrogenase (ADH), diaph-
orase, and ethanol were then added to each sample for 30
minutes. After the final incubation, the absorbance of the samples
wasdetected at 450nmusing a Spectramax i3 (MolecularDevices)
spectrometer and Softmaxpro software.

CRISPR silencing of PAK4
U-2 OS cells were cultured in McCoy 5A (Gibco) media

supplemented with 10% FBS at 37�C with 5% CO2. Cells were

transfected (Lipofectamine 2000; Invitrogen) with a pair of PAK4
of plasmids; one with a puromycin-resistant gene and the other
with GFP (Santa Cruz Biotechnology, cat # sc-401895) both
including a gene encoding a D10A-mutated Cas9 nuclease and
a target-specific guide RNA (against PAK4). Briefly, 250,000 cells
were plated in a single well of a 6-well plate and allowed to adhere
overnight. The next day, the cells were transfected in antibiotic-
free media and allowed to grow for 2 days. Selection was accom-
plished by culturing cells in 1 mg/mL of puromycin and visual
selection of GFP. Individual puromycin-resistant/GFP clones
were isolated andPAK4 expressionwas determined usingWestern
blot analysis.

Cell viability assay
Cell viability assaywas performed as described previously (16).

Briefly, 3,000 cells/well were plated in 96-well plates, and after the
indicated treatments, the cells were incubated in MTT solution/
mediamixture. Then, theMTT solutionwas removed and the blue
crystalline precipitate in eachwell was dissolved inDMSO. Visible
absorbance of each well at 540 nm was quantified using a
microplate reader.

Cell-cycle analysis
Cell-cycle analysis was performed utilizing Muse Cell Analyzer

fromMillipore followingmanufacturer's instruction. Briefly, cells
were cultured in T25 cell culture flasks and after 72 hours of the
indicated treatments, the cellswerewashedwith PBS,fixed in 70%
ethyl alcohol for 3 hours, and stainedwith propidium iodide (PI).
After staining, the cells were processed for cell-cycle analysis.

Apoptosis assay
Annexin V and Dead Cell Assay was performed utilizing Muse

Cell Analyzer from Millipore following the manufacturer's
instruction. Briefly, after the indicated 72-hour treatments, the
cells were incubated with Annexin V and Dead Cell Reagent (7-
AAD) and the events for dead, late apoptotic, early apoptotic, and
live cells were counted.

Immunoblotting
Cell lysates and tissue lysates were preparedwith RIPA or T-PER

buffers, respectively, fromThermo Fisher Scientific in the presence
of protease inhibitor cocktail from Invitrogen. Immunoblotting
was done as described previously (16). Briefly, after the indicated
treatments, the cells were washed with PBS, lysed in their lysis
buffer, and whole cell lysates as well as cytoplasmic and nuclear
extracts were immunoblotted. For the tissue immunoblotting,
tissue was weighed, homogenized, and sonicated in T-PER buffer.
The nitrocellulose membranes were blocked in 5% nonfat dry
milk for one hour at room temperature, incubated with indicated
antibodies, and then probedwithHRP-tagged anti-mouse or anti-
rabbit IgG antibodies. The signal was detected using ECL Plus
solutions.

siRNA transfection
Cells were plated in 6-well plates for immunoblotting or T25

flasks for apoptosis assays. After 24 hours, cell monolayers at
approximately 60% confluency were subjected to siRNA trans-
fection. The human PAK4 siRNA used is a smart-pool RNA, with 5
reference sequences (Thermo Fisher Scientific, cat # S20135). The
transfection mixture was prepared in Opti-MEM medium from
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Invitrogenwith siRNA and Lipofectamine RNAiMAX according to
the manufacturer's protocol. The final concentration of siRNA
oligonucleotides (scrambled or PAK4) added to the cells were
25 nmol/L. The cells were cultured in the presence of transfec-
tion mixture for 24 hours. The transfection mixture was replaced
by fresh DMEM the next day, and cell culture was pursued for
an additional 48 hours. After the transfection, cells were collected
for immunoblotting or apoptosis assays.

Transwell migration and invasion assays
The in vitro cell migration and invasion assays were performed

using transwell chambers (8-mm pore size; Costar). For the trans-
well migration assay, 1.5 � 104 cells were seeded on top of the
polycarbonatefilters, and0.6mLofgrowthmediumwithDMSOor
KPT-9274 (1mmol/L and 5mmol/L)was added to both the top and
bottom wells. After incubation for 12 hours, the filters were
swabbedwitha cotton swab,fixedwithmethanol, and then stained
with Giemsa solution (Sigma-Aldrich). For the in vitro invasion
assay,filters were coatedwithMatrigel (BectonDickinson), and 2.5
� 104 cells were seeded onto the Matrigel and incubated for 20
hours. The cells attached to the bottom surface of the filter were
counted under a light microscope (10� magnification).

Scratch wound-healing assay
786-O cells were seeded onto 12-well tissue culture dishes and

grown to confluence. Each confluentmonolayer was thenwound-
ed linearly using a pipette tip, and washed three times with PBS.
Thereafter, cell morphology and migration were observed and
photographed at regular intervals for 12 and 24 hours. The
number of cells migrating into the cell-free zone was determined
by light microscopy.

Immunofluorescent staining
Cells cultured on 12-mm glass coverslips were fixed for 15

minutes in PBS containing 4%paraformaldehyde and 2% sucrose
and then permeabilized in PBS containing 0.3% Triton X-100 for
2 minutes. Coverslips were made to react with primary antibody
against b-catenin and FITC-labeled anti-rabbit secondary anti-
body. F-actin was stained with TRITC-conjugated phalloidin, and
nuclei were demarcated with DAPI staining. The cells were
mounted onto slides and visualized using fluorescence micros-
copy (model Axiovert 100; Carl Zeiss) or a Zeiss LSM510 laser-
scanning confocal microscope image system.

NADþ and NADH measurement
Cells were plated at 3,000 cells/well in 96-well plates and

incubated overnight. Media were removed, and replaced by fresh
media containing compound at indicated treatments in triplicate.
Forty-eight hours later, the cells were lysed and total NAD and
NADH was assayed by luminescence measurement using The
NAD/NADH-Glo Assay (Promega) following the manufacturer's
protocol.

In vivo experiments
All animal procedures were performed in compliance with the

University of California Institutional Animal Care and Use Com-
mittee.Male athymicNu/Numice (8weeks of age andweight�25
g) were injected with 786-O (human RCC) cells subcutaneously
(DMEM:Matrigel, 3:1) in the flank region. Tumor progressionwas
monitoredweekly by calipers using the formula: tumor volume in

mm3 ¼ (length � width2)/2. When tumor size reached approx-
imately 225 mm3, animals were randomly assigned to treatment
groups and treatments were started (day one). KPT-9274 drug
product (30% KPT-9274 APIþ 40% polyvinylpyrrolidone K30þ
15% methyl cellulose þ 15% Phospholipon 90G) or vehicle
(58% polyvinylpyrrolidone K30 þ 21% methyl cellulose þ
21% Phospholipon 90G) was administered by oral gavage twice
daily for 5 days each week at 100 and 200 mg/kg. As a positive
control, oral gavage of sunitinib in vegetable oil was given.
Sunitinib was administered via oral gavage 5 days a week at 40
mg/kg body weight. To determine any potential toxicity of the
treatment(s), body weights of the animals were measured and
signs of adverse reactions were monitored. On day 28 of treat-
ment, the mice were euthanized and the tumor volume was
determined [tumor volume (in mm3) ¼ (length � width2)/2.

Bioanalysis of KPT-9274 in mouse plasma and 786-0 xenograft
tumors

At the end of the experiment, animals were dosed by vehicle or
KPT-9274 and 8 hours later plasma and tumor tissues were
collected. Vehicle or KPT-9274 samples (n ¼ 6) were kept in
�80�Cand sent toCyprotex facility for KPT-9274 analysis. Briefly,
analysis was performed by LC/MS-MS using an Agilent 6410mass
spectrometer coupled with an Agilent 1200 HPLC and a CTC PAL
chilled autosampler and peaks were analyzed by mass spectrom-
etry (MS) using ESI ionization in MRM mode.

Statistical analysis
Comparisons of mean values were performed using the inde-

pendent samples t test. A P value of <0.05 was considered
significant. For the in vivo studies, a two-way ANOVA multiple
comparison test was performed to compare the treatment groups
and P < 0.05 was considered significant.

Results
KPT-9274 attenuates the PAK4/b-catenin pathway, results in
NAD depletion, and attenuates viability, invasion, and
migration in several RCC cell lines

KPT-9274 is an orally bioavailable small molecule (Fig. 1A)
that shows dual inhibition of NAMPT and PAK4. To examine
NAMPT and PAK4 target engagement, we first examined the
ability of KPT-9274 to inhibit NAMPT and PAK4 activity. Inhi-
bition ofNAMPT in a cell-free enzymatic assay using recombinant
NAMPT shows an IC50 of approximately 120 nmol/L for KPT-
9274 (Fig. 1B). CRISPR PAK4 knockout in an U-2 OS cell line
confirms inhibition of PAK4 as evidenced by a 6-fold resistance to
KPT-9274–induced growth inhibition (measured by MTT assay)
as compared with the parental cell line (Fig. 1C). We confirmed
cellular inhibition of NAMPT as evidenced by reduction of total
NAD after treatment two RCC cell lines with KPT-9274 (Fig. 1D),
and we showed inhibition of PAK4 through dose-dependent
steady reduction in phospho-PAK4 by immunoblotting prefer-
entially inRCC cell lines as comparedwith aprimary normal renal
tubular epithelial cell line (Fig. 1E).

As gastrointestinal and other cancers (although not previously
reported in RCC) have shown dependence on PAK4 via consti-
tutive activation of the Wnt pathway (17) and because rapidly
proliferating cancer cells require continuous replenishing of NAD
for energy and DNA repair pathways (6), we asked whether there
was a differential effect of KPT-9274 on survival between
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Figure 1.

KPT-9274 inhibits NAMPT and PAK4 and associated signaling pathways in RCC cells. A, molecular structure of KPT-9274. B, cell-free assay of NAMPT activity
as a function of KPT-9274 concentration. C, CRISPR-Cas9 splicing out of PAK4 in U-2 osteosarcoma cells showing the expected immunoblot and a shift to
the right in the survival curve assessed by MTT assay. D, NADþNADH assay: 3,000 cells/well were plated in 96-well plates (n ¼ 4) and incubated for 48 hours
with DMSO or KPT-9274. Assays of total NADþNADH were performed in RCC cell lines as well as a normal primary renal proximal tubular epithelial cell
(RPTEC) line as described in Materials and Methods. Error bars, SD. � , P < 0.05 compared with DMSO-treated controls. The black sold line indicates
treatments significantly different compared with DMSO alone. E, immunoblotting of the cell lysates with the indicated antibodies was performed. Cells were
plated in 6-well plates (10,000 cells/well) and incubated with different concentrations of KPT-9274 for 72 hours before they were lysed for protein extraction.
The experiments shown are representative of at least three independent repeats.
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"normal" RPTEC and RCC cell lines in vitro. Viability of the two
RCC cell lines showed striking dose dependence of KPT-9274,
with a cell viability IC50 of 600 nmol/L for Caki-1 cells and 570
nmol/L for 786-0 when incubatedwith the drug for 72 hours (Fig.
2A). In contrast, viability of the primary RPTEC cells derived from
normal kidney was attenuated by 45% at 2–10 mmol/L with an
IC50 of 1,300 nmol/L (Fig. 2A). This differential effect of KPT-
9274 on RPTEC versus RCC cell lines suggest that the inhibited
pathways are more active in malignant-derived than in normal
cell lines and bodes well for tolerability in humans.

To evaluate additional cancer-related pathways, we evaluated
cell invasion through Matrigel and cell migration using two
methods. Given the lack of toxicity of KPT-9274 in 786-O cells
for 24 hours with concentrations up to 5 mmol/L (Supplementary

Fig. S1), we assessed the effect of 1 mmol/L and 5 mmol/L KPT-
9274 on cell invasiveness and motility in these cells. An in vitro
invasion assay demonstrated a 2.2-fold and 3.9-fold decrease in
cell invasiveness in response to KPT-9274 treatment at 1 mmol/L
and5mmol/L, respectively (Fig. 2B), and786-Ocellmigrationwas
also decreased in KPT-9274–treated cells as compared with cells
treated with the DMSO vehicle (Fig. 2C). A similar suppression of
cell motility was observed in these cells incubated with KPT-9274
using a standard wound-healing assay (Fig. 2D).

KPT-9274 attenuates G2–M transit and induces apoptosis in
RCC cell lines

As many Wnt/b-catenin target genes lie downstream of PAK4,
such that PAK4 is indirectly involved in a variety of proliferative
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Figure 2.

KPT-9274 preferentially attenuates
RCC cell viability and decreases RCC
invasion and migration. A, both RCC
cell lines in addition to a normal
primary renal primaryproximal tubular
epithelial cell line (RPTEC)were plated
in 96-well plates (3,000 cells/well,
n¼ 8) and incubated for 72 hours with
DMSO or KPT-9274 before MTT assay
was performed. Error bars, SD. � , P <
0.05 compared with DMSO-treated
controls. The black sold line indicates
treatments significantly different
compared with DMSO alone. The
experiment shown is representative
of at least three independent repeats.
B–D, 786-O cells were treated with
DMSO, 1mmol/L or 5 mmol/L KPT-9274
for 24 hours, and then subjected to
Matrigel invasion (B), transwell
migration (C), and scratch/wound-
healing (D) assays. B, DMSO- or
KPT-9274–treated cells were seeded
on Matrigel-coated transwells with
DMSO or KPT-9274; 20 hours later,
migrated cells were fixed, stained, and
counted using a light microscope.
A representative picture of each group
is shown at the top. Bottom,
quantification of migrated cells to the
lower chamber.Datawerepresented as
the mean value from six different fields
� SD (n ¼ 3); � , P < 0.05 as compared
with DMSO-treated cells. C, migration
assay in transwell chambers. Cells that
migrated from the top well of a
transwell chamber into the bottomwell
were stained, photographed (top), and
counted (bottom). n ¼ 3; � , P < 0.05
versus DMSO group. D, confluent
cultures of these cells were scratched
and wound-healing repair was
monitoredmicroscopically examinedat
12 and 24 hours after the scratch and
the addition of DMSO or KPT-9274.
Left, representative phase contrast
pictures. Right, numbers of cells
migrated to the wound area were
quantified at 0, 12, and 24 hours after
scratching (n¼ 3, � , P < 0.05 vs. DMSO-
treated cells).
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and survival pathways (8), we next asked whether cell-cycle
progression and apoptosis in RCC cells were affected by KPT-
9724. Using flow cytometry, we first evaluated cell-cycle progres-
sion and showed that KPT-9274 causes a significant increase in the
G2–M phase of the cell cycle in the RCC cells but not the RPTEC
cells, as compared with the vehicle controls, suggesting arrest at
this cell-cycle stage in RCC (Fig. 3A; gating data shown in Sup-
plementary Fig. S2).

While there wasminimal but significant apoptosis asmeasured
by Annexin V flow cytometry in RPTEC cells treated with KPT-
9274 when compared with vehicle control, the effect was more
pronounced in both RCC cell lines treated with KPT-9274 (Fig.
3B). To further evaluate apoptosis, we observed significant PARP
cleavage by immunoblotting in the cancer cells with a more
dramatic effect on the VHL-null 786-0 cells at both 72 and 96
hours, but no cleavage was observed in the RPTEC (Fig. 3C).
Decreased PARP cleavage at the higher concentrations of KPT-
9274 is likely due to the NAD dependence of PARP (18) in the

presence of NAD biosynthesis inhibition by KPT-9274 (see
below). Taken together, these data indicate that KPT-9274 attenu-
ates proliferation and enhances apoptotic pathways in RCC cells.

KPT-9274 affects RCConcogenic signaling pathways and shows
specificity to PAK4 inhibition

To confirm specificity of the responses on the PAK4 pathway to
KPT-9274 (see Fig. 1E), we utilized siRNA methods. siRNA
attenuationwith a construct specific toPAK4 resulted in adecrease
in PAK4, phospho-PAK4, and phospho-b-catenin in all cell lines
(Fig. 4A). Interestingly, while the siRNA caused the expected
changes in these proteins in normal RPTECs, KPT-9274 did not
result in parallel changes in PAK4 and phospho-b-catenin in these
cells (Fig. 1E), suggesting that the drug has differential sensitivity
to members of these pathways on cancer as compared with
normal cells. After PAK4 siRNA transfection, the Annexin V flow
cytometry showed similar results to KPT-9274 (Fig. 4B, compare
with Fig. 3B). Taken together, these data are consistent with the
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Figure 3.

KPT-9274 decreases G2–M transit and causes apoptosis preferentially in RCC cells. Both RCC cell lines in addition to a normal primary renal proximal tubular
epithelial cell line (RPTEC) were grown to 50% confluence and subjected to cell-cycle analysis or apoptosis assays. A, cells were incubated with DMSO or KPT-9274
(5 mmol/L) for 72 hours and analyzed with the Muse Analyzer for cell-cycle analysis as described in Materials and Methods. The percentage of cells in each
cell-cycle phase was plotted. � , P < 0.05 KPT-9274 as compared with DMSO treatment. B, after incubation with KPT-9274 for 72 hours, Annexin-V staining
was used tomeasure total apoptosis by the Muse Analyzer as described in Materials andMethods. �, P < 0.05 as compared with DMSO treatment. C, immunoblotting
of total and cleaved PARP in RPTEC and RCC cells KPT-9274 treated after 72 and 96 hours. All results represent at least three independent experiments.
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Figure 4.

KPT-9274 shows specificity for attenuation of PAK4 targets preferentially in RCC cells. Both RCC cell lines in addition to a normal primary renal proximal tubular
epithelial cell line (RPTEC) were grown to 50% and transfected with an siRNA specific to PAK4 or a scrambled sequence control siRNA, then subjected to
immunoblotting (A) and apoptosis assay by flow cytometry (B). C, whole cell lysates were immunoblotted with the indicated antibodies after incubation of
the cells with the indicated concentrations of KPT-9274. D, the subcellular localization of b-catenin in 786-O cells was determined by immunofluorescent
staining after 24 hours of treatment with DMSO, 1 mmol/L or 5 mmol/L KPT-9274. The fluorescence of FITC-conjugated b-catenin (green), TRITC-conjugated
phalloidin (F-actin stained: red), and DAPI (nucleus counter-stained: blue) was visualized under a confocal laser-scanning microscope. Scale bar, 20 mm. E,Western
blot analysis ofb-catenin in the cytosolic and nuclear portions of 786-O cells exposed toDMSOorKPT-9274 for 36 and 72 hours. TBP, TATA-binding protein, a nuclear
constituent. For details, see Materials and Methods.
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likely lack of KPT-9274 effect in normal kidney parenchyma and
suggest that there will be minimal toxicity of this inhibitor to
normal tissues.

Both c-Myc and cyclin D1 are transcriptional targets of theWnt
ligand through nucleocytosolic shuttling of b-catenin through
PAK4 (8), and, in addition, both of these genes are known to be
activated in RCConcogenesis and reprogramming (11, 12, 19). In
further evaluation of oncologic-relevant players in the PAK4
pathway impacted by KPT-9274, we show that c-Myc and cyclin
D1 are attenuated by KPT-9274 in RCC cell lines but not in the
RPTEC cells (Fig. 4C).

On the basis of the observations showing reduced expression of
b-catenin target genes (cyclin D1 and c-Myc) in KPT-9274–treated
cells,wenext askedwhetherKPT-9274 treatment regulates nuclear
localization of b-catenin as this is the location where transcrip-
tional activation properties of this protein are apparent (20).
Immunofluorescence staining demonstrated an accumulation of
b-catenin protein in the nucleus of DMSO-treated 786-O cells,
whereas nuclear, and to some extent cytosolic, distribution of
b-catenin was decreased in response to KPT-9274 (Fig. 4D).
Confirmatory data from cytosolic/nuclear separated proteins,
which shows higher resolution than immunoblotting of total
b-catenin (Fig. 4A) showed a decrease of b-catenin protein in both
the cytosolic and nuclear fractions of cells exposed to KPT-9274
with a higher decrement in nuclear b-catenin at the earlier time
point (Fig. 4E).

NAD depletion in RCC cells is induced upon KPT-9274
treatment

The availability of abundant NAD is a key requirement in
rapidly proliferating cancer cells and is produced through several
biosynthetic pathways including the de novo pathway from tryp-
tophan (most active in the liver; pathway 1 in Fig. 5A) and two
salvage pathways (pathways 2 and 3 in Fig. 5A). However, in
many cancer cells, NAD salvage achieved through NAPRT1 catal-
ysis of nicotinic acid is downregulated and causes cellular energy
requirements to be highly dependent on NAMPT for NAD regen-
eration and cell survival (6). To determine which pathways are in
play in RCC, we evaluated protein levels of NAMPT and NAPRT1
by immunoblotting of several RCC cell lines as well as the normal
RPTEC cells. While NAMPT levels were similar in both RCC cells
used in this study as comparedwithRPTEC (Fig. 5B),NAPRT1was
markedly decreased in these cells (although less so in ACHN,
derived from a human RCC pleural effusion) suggesting a critical
dependence of RCC, but not RPTEC, on the NAMPT salvage
pathway for its requisite supply of NAD; this also represents the
first demonstration of such reprogramming of the NAD synthetic
pathway in RCC.

As NAD is required for rapid proliferation of cancer cells, we
next evaluated the results of NAMPT inhibition, and consequent
NAD attenuation, after treatment with KPT-9274. Although RCC
and RPTEC cells showed a marked decrease in total NAD species
upon KPT-9274 incubation for 48 hours (Fig. 5C), nicotinic acid
(theNAPRT1 substrate) rescuedNAD levels in the RPTEC cells but
not in the RCC cells lines, likely due to decreased expression of
NAPRT1 (see Fig. 5B and pathway 3 in Fig. 5A) in RCC. In
addition, NMN (nicotinic mononucleotide), which lies down-
stream of NAMPT (see pathway 2 in Fig. 5A), rescues NAD
biosynthesis in all cell types (Fig. 5C). As a control for NAMPT
inhibition,weutilized FK866, a selectiveNAMPT inhibitor, which
showed similar effects to KPT-9274 on total NAD (Fig. 5C).

To demonstrate the requirement of NAD for survival of RCC
cells, we evaluated cell viability under NAD-altering conditions
similar to the above experiments. As above, we found that RCC
cell viability was decreased by KPT-9274 and was rescued by the
addition of NMN; there was no rescue of cell viability when NA
was added on RCC cells incubated with KPT-9274 (Fig. 5D;
compare to Fig. 5C). To further investigate and confirm the role
of the NAD pathway in RCC, we evaluated levels of Sirt1, a NAD-
dependent enzyme with multiple roles in cellular metabolism,
senescence, and DNA repair in many malignancies. Consistent
with the inhibitory effect of KPT-9274 on the NAD pathway
through NAMPT, Sirt1 levels were decreased after incubation of
both RCC cell lines with this inhibitor, but Sirt1 levels were not
affected in RPTEC cells (Fig. 5E). Taken together, these data
demonstrate that RCC utilize the NAMPT salvage pathway to
generate sufficient NAD for their energy requirements, and that
KPT-9274 decreases NAD and viability levels through specific
inhibition of NAMPT. RPTEC cells, on the other hand, can
generate NAD through the NAPRT1 pathway despite inhibition
of NAMPT by KPT-9274 and are thus less sensitive to this drug.
This is confirmed by the ability of these cells to rescue NAD levels
and cell viability when treated with KPT-9274 and supplied with
NA at the same time (Fig. 5C and D).

KPT-9274 decreases tumor growth in a human xenograft model
of RCC

To translate these in vitro findings to an in vivomodel as a further
step towards human trials, we utilized a xenograft model of human
786-O cells engrafted into nude mice. 500,000 cells/mouse were
injected subcutaneously in 8 mice per condition. Once the tumors
became visible (average size 234 mm3), KPT-9274 formulated for
oral delivery (30% KPT-9274 APIþ 40% polyvinylpyrrolidone K30
þ 15% methyl cellulose þ 15% Phospholipon 90G) or vehicle
(58% polyvinylpyrrolidone K30 þ 21% methyl cellulose þ 21%
Phospholipon90G)was administeredbyoral gavageat 100and200
mg/kg twice daily for 5 days for the drug and 200 mg/kg for the
vehicle. As apositive control for tumor effect, oral gavageof sunitinib
in vegetable oil was given once daily for 5 days at 40 mg/kg.

After 14 days of treatment, KPT-9274 demonstrated a decre-
ment of xenograft growth (Fig. 6A) comparable with that of
sunitinib (data not shown). As evidence for lack of toxicity, there
was no significant weight loss in animals receiving KPT-9274 as
compared with those receiving vehicle through the end of the
experiment (Fig. 6B). To confirm target effects of KPT-9274, all
tumors were immunoblotted for PAK4. The animals treated with
KPT-9274 showed marked attenuation of PAK4 (Fig. 6C). Con-
sistent with previous results, levels of PAK4 (see Fig. 1E), cyclin
D1, and sirt1 (see Figs. 4C and 5E) were also decreased. To
determine disposition of the inhibitor, levels of KPT-9274 were
measured at the end of the experiment in mouse plasma and
tumors andwere found to be present in both blood and tissue at a
similar magnitude (10,757 ng/mL and 10,647 ng/mL in plasma
and tumor, respectively, 8 hours after the last dose of KPT-9274).

Discussion
Because of the historically poor response of RCC to immuno-

modulating therapies and the frequent resistance of RCC to
current targeted therapeutics, the discovery of novel targetable
pathways and small-molecule inhibitors in RCC would represent
a major advance in the field. The dual PAK4/NAMPT modulator,
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Figure 5.

KPT-9274 shows specificity for attenuation of NAD biosynthesis targets preferentially in RCC cells. A, schema of NAD biosynthesis from de novo (pathway 1)
and salvage pathways (pathways 2 and 3). B, whole cell lysates from nontreated RCC and RPTEC cells were immunoblotted with the indicated antibodies.
C, cells were grown in 96-well plates (3,000 cells/well), incubated as indicated, and subjected to assays for NADþNADH as described in the Materials and
Methods section. KPT-9274, 1mmol/L; NA, 10mmol/L; NMN, 10mmol/L; FK-866, 50nmol/L.D, cellsweregrown in 96-well plates (3,000 cells/well,n¼4), incubated as
indicated, and subjected to MTT assays as described in the Materials and Methods section. KPT-9274, 1 mmol/L; NA, 10 mmol/L; NMN, 10 mmol/L; FK-866, 50 nmol/L.
E, cells were grown in 6-well plates (10,000 cells/well) exposed to KPT-9274 at the indicated concentrations (mmol/L) for 72 hours and whole cell lysates
were immunoblotted with sirt1 antibody.
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KPT-9274, targets two signaling pathways which have been
described to be active andof importance inmalignancy in general,
yet neither of these pathways hadpreviously been studied indetail
in RCC. We now show that both of these pathways are highly
active in RCC, and hence this inhibitor is ideally suited for further
study in RCC including in human clinical trials.

The PAK4 pathway, by means of its effect on b-catenin, influ-
ences the transcription of such key Wnt-regulated proliferative
and survival pathways as c-Myc and cyclin D1. PAK4 is active in
various malignancies but until now, other than demonstration of
overexpression in several renal cell lines (21), this pathway has
not been thoroughly evaluated in RCC. With regard to NAD, an
essential metabolite for sustaining cellular energy critical to the
survival of rapidly proliferating cells, KPT-9274 attenuates a key
arm of NAD biosynthesis. In malignancies such as RCC, in which
we now show that one of the pathways of synthesis (NAPRT1) is
reprogrammed "down", the end result of KPT-9274 inhibition
contributes to poor survival of RCC cells and tissues likely due, in
part, to limiting NAD biosynthesis (see Fig. 5A).

The family of PAKs is composed of serine-threonine kinases
whose activity is regulated by the small p21 guanosine tripho-
sphatases (GTPases) Rac1 and Cdc42. In turn, PAK4 can also
downregulate the p21 cell-cycle regulator, CDKN1A (22). The
PAK proteins have been classified as group I and group II, and are
positioned at the intersection of several important oncogenic
pathways, including hallmarks of cancer such as growth signal
autonomy, evasion of apoptosis, and promotion of invasion and
metastasis (4). PAK4, the first of the group II PAKs to be cloned
and characterized, is embryonic lethal in mice when knocked out
and is critical to cytoskeletal organization (5). Subsequent inves-

tigation of this kinase showed that, by virtue of its regulation of
nuclear import of b-catenin, it was capable of modulating tran-
scription of b-catenin target genes such as cyclin D1 and c-Myc (8)
which play key roles in cancer proliferation and metabolic repro-
gramming (11, 12, 19). Furthermore, throughphosphorylationof
CDKN1A, PAK4 can regulate cell-cycle transit at G1–S and G2–M
(23, 24). From a clinical standpoint and consistent with our data,
those patients with relatively high PAK4 expression by IHC of
nonmetastatic RCC in fact showed poorer prognosis (14).

NAD is briskly turned over in cancer cells which utilize this
cofactor for energy requirements in rapidly proliferating cells, as
well as by such NAD-utilizing enzymes essential for cancer cell
function (i.e., PARPs and SIRTs; ref. 25); the most efficient biosyn-
thesis of this cofactor occurs through the salvage pathways (6).Our
data demonstrating the use by RCC cells of the salvage pathways
rather thandenovo synthesis fromtryptophan forNADbiosynthesis
are consistent with that seen in other cancers (6). We have shown
that NAPRT1 is downregulated in all RCC cells tested (see Fig. 5C),
leading to a reliance of these cells onNAMPT as is evidenced by the
profound effects of KPT-9274 on these cells. As far as we can tell,
this attenuation of NAPRT1 levels is the first report of a repro-
grammed NAD biosynthesis pathway in RCC. These data also
support the hypothesis that the salvage pathways, rather than the
de novo pathway, which occurs predominantly in the liver (26), are
more highly represented inRCC. The fact thatNA canbeutilizedby
normal epithelial cells and sustain normal NAD levels when KPT-
9274 is administratedmakes this drug a good clinical candidate for
RCC. Using KPT-9274 with NA supplementation when treating
RCC will reduce the side effects of blocking NAMPT and subse-
quent NAD depletion in normal tissue.

A

B

C

0

100

200

300

400

500

600

700

28  days211471

M
ea

n 
tu

m
or

 v
ol

um
e 

(m
m

3 )

Vehicle 200 mg/kg

KPT-9274/100 mg/kg

KPT-9274/200 mg/kg

**

****
**

0
5

10
15
20
25
30
35
40

28211471

A
ve

ra
ge

 w
ei

gh
t/g

ra
m

Days of treatment

Vehicle KPT-9274/100 mg/kg KPT-9274/200 mg/kg

KPT-9274 Vehicle

Cyclin D1

β-Actin 

β-Actin 

PAK4

Sirt1

β-Actin 

Figure 6.

KPT-9274 attenuates xenograft
growth in vivo with minimal toxicity
and shows the expected on-target
effects. A, nude mice (n ¼ 8 per
condition) were xenografted
subcutaneously with 786-O cells and
gavaged with KPT-9274 (100 mg/kg
or 200 mg/kg twice a day). Tumors
were measured with calipers weekly
at the times indicated and the mean
tumor volumes � SEM was calculated
as described inMaterials andMethods.
�� , P < 0.05 indicates significant
decrease in tumor volume compared
with vehicle only group. B, mouse
weights were determined at the time
points indicated. C, tumors were
harvested at sacrifice, pooled, and
immunoblotted with the target
antibodies indicated as well as b-actin
as loading control.
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Toxicology studies conducted in dogs and rats revealed the
expected toxicities to the gastrointestinal tract and hematologic
cells (e.g., thrombocytopenia) which are common to other inhi-
bitors of PAK4 or NAMPT (4–6). However, gross toxicity was not
observed in the current efficacy study in mice although blood
counts were not measured. The reason for the lack of observed
toxicity may be that, while both PAK4 and NAD biosynthesis are
essential in embryogenesis and for rapidly growing cell metabo-
lism, these pathways are of relatively less importance in adult
tissue homeostasis. It is also possible that dual inhibition at lower
levels could ameliorate toxicities which occur at higher levels of
single pathway inhibition. Safety and tolerability of KPT-9274 is
currently being investigated in a phase I human clinical trial of
patients with advanced solid malignancies and NHL (clinical-
trials.gov; NCT02702492). Thus, translation of these inhibitors to
human trials holds considerable promise for RCC.

Disclosure of Potential Conflicts of Interest
R.H. Weiss reports receiving a commercial research grant from Karyopharm

Therapeutics. No potential conflicts of interest were disclosed by the other
authors.

Authors' Contributions
Conception and design: O.A. Aboud, W. Senapedis, E. Baloglu, R.H. Weiss
Development of methodology: O.A. Aboud, W. Senapedis, C. Argueta

Acquisition of data (provided animals, acquired and managed patients,
provided facilities, etc.): O.A. Aboud, C.-H. Chen, W. Senapedis
Analysis and interpretation of data (e.g., statistical analysis, biostatistics,
computational analysis): O.A. Aboud, C.-H. Chen, W. Senapedis, E. Baloglu,
C. Argueta, R.H. Weiss
Writing, review, and/or revision of the manuscript: O.A. Aboud, C.-H. Chen,
W. Senapedis, E. Baloglu, C. Argueta, R.H. Weiss
Administrative, technical, or material support (i.e., reporting or organizing
data, constructing databases): O.A. Aboud, W. Senapedis, R.H. Weiss
Study supervision: O.A. Aboud, W. Senapedis, R.H. Weiss

Acknowledgments
We thank Drs. Vicki Hwang and Xiaonan Chen for helpful suggestions and

assistance with the experiments and the manuscript.

Grant Support
This work was supported by NIH grants 1R01CA135401-01A1,

1R03CA181837-01, and 1R01DK082690-01A1, the Medical Service of the US
Department of Veterans' Affairs, and Dialysis Clinics, Inc. (DCI; all to R.H.
Weiss). A non-restricted gift for research purposes was provided by Karyopharm
Therapeutics, Inc.

The costs of publication of this articlewere defrayed inpart by the payment of
page charges. This article must therefore be hereby marked advertisement in
accordance with 18 U.S.C. Section 1734 solely to indicate this fact.

Received April 4, 2016; revised June 15, 2016; accepted June 27, 2016;
published OnlineFirst July 7, 2016.

References
1. Wettersten HI, Weiss RH. Potential biofluid markers and treatment targets

for renal cell carcinoma. Nat Rev Urol 2013;10:336–44.
2. Wettersten HI, Hakimi AA, Morin D, Bianchi C, Johnstone ME, Donohoe

DR, et al. Grade-dependent metabolic reprogramming in kidney cancer
revealed by combined proteomics and metabolomics analysis. Cancer Res
2015;75:2541–52.

3. Hakimi AA, Reznik E, Lee CH, Creighton CJ, Brannon AR, Luna A, et al. An
integrated metabolic atlas of clear cell renal cell carcinoma. Cancer Cell
2016;29:104–16.

4. Radu M, Semenova G, Kosoff R, Chernoff J. PAK signalling during the
development and progression of cancer. Nat Rev Cancer 2014;14:13–25.

5. Dart AE, Wells CM. P21-activated kinase 4–not just one of the PAK. Eur J
Cell Biol 2013;92:129–38.

6. Sampath D, Zabka TS, Misner DL, O'Brien T, Dragovich PS. Inhibition of
nicotinamide phosphoribosyltransferase (NAMPT) as a therapeutic strat-
egy in cancer. Pharmacol Ther 2015;151:16–31.

7. YingW. NADþ/NADH and NADPþ/NADPH in cellular functions and cell
death: regulation and biological consequences. Antioxid Redox Signal
2008;10:179–206.

8. Li Y, Shao Y, Tong Y, Shen T, Zhang J, Li Y, et al. Nucleo-cytoplasmic
shuttling of PAK4 modulates beta-catenin intracellular translocation and
signaling. Biochim Biophys Acta 2012;1823:465–75.

9. Yuneva M, Zamboni N, Oefner P, Sachidanandam R, Lazebnik Y. Defi-
ciency in glutamine but not glucose induces MYC-dependent apoptosis in
human cells. J Cell Biol 2007;178:93–105.

10. Shim H, Chun YS, Lewis BC, Dang CV. A unique glucose-dependent
apoptotic pathway induced by c-Myc. Proc Natl Acad Sci U S A 1998;95:
1511–6.

11. Gao P, Tchernyshyov I, Chang TC, Lee YS, Kita K, Ochi T, et al. c-Myc
suppression of miR-23a/b enhances mitochondrial glutaminase expres-
sion and glutamine metabolism. Nature 2009;458:762–5.

12. Shroff EH, Eberlin LS, Dang VM, Gouw AM, GabayM, Adam SJ, et al. MYC
oncogene overexpression drives renal cell carcinoma in a mouse model
through glutamine metabolism. Proc Natl Acad Sci U S A 2015;112:
6539–44.

13. Senapedis W, Crochiere M, Baloglu E, Landesman Y. Therapeutic potential
of targeting PAK signaling. Anticancer Agents Med Chem 2015;16:75–88.

14. Liu W, Yang Y, Liu Y, Liu H, Zhang W, Xu L, et al. p21-Activated kinase 4
predicts early recurrence and poor survival in patients with nonmetastatic
clear cell renal cell carcinoma. Urol Oncol 2015;33:205–21.

15. Drevs J, Loser R, Rattel B, Esser N. Antiangiogenic potency of FK866/
K22.175, a new inhibitor of intracellular NAD biosynthesis, in murine
renal cell carcinoma. Anticancer Res 2003;23:4853–8.

16. Inoue H, Hwang SH, Wecksler AT, Hammock BD, Weiss RH. Sorafenib
attenuates p21 in kidney cancer cells and augments cell death in combi-
nation with DNA-damaging chemotherapy. Cancer Biol Ther 2011;12:
827–36.

17. Cadoret A, Ovejero C, Terris B, Souil E, Levy L, Lamers WH, et al. New
targets of beta-catenin signaling in the liver are involved in the glutamine
metabolism. Oncogene 2002;21:8293–301.

18. Houtkooper RH, Canto C, Wanders RJ, Auwerx J. The secret life of NADþ:
an old metabolite controlling new metabolic signaling pathways. Endocr
Rev 2010;31:194–223.

19. Nigg EA.Cyclin-dependent protein kinases: key regulators of the eukaryotic
cell cycle. Bioessays 1995;17:471–80.

20. Jamieson C, Sharma M, Henderson BR. Targeting the beta-catenin nuclear
transport pathway in cancer. Semin Cancer Biol 2014;27:20–9.

21. Callow MG, Clairvoyant F, Zhu S, Schryver B, Whyte DB, Bischoff JR, et al.
Requirement for PAK4 in the anchorage-independent growth of human
cancer cell lines. J Biol Chem 2002;277:550–8.

22. Nekrasova T, Minden A. PAK4 is required for regulation of the cell-cycle
regulatory protein p21, and for control of cell-cycle progression. J Cell
Biochem 2011;112:1795–806.

23. Weiss RH. p21Waf1/Cip1 as a therapeutic target in breast and other
cancers. Cancer Cell 2003;4:425–9.

24. Niculescu AB III, Chen X, Smeets M, Hengst L, Prives C, Reed SI. Effects of
p21(Cip1/Waf1) at both the G1/S and the G2/M cell cycle transitions: pRb
is a critical determinant in blocking DNA replication and in preventing
endoreduplication. Mol Cell Biol 1998;18:629–43.

25. Schreiber V, Dantzer F, Ame JC, deMG. Poly(ADP-ribose): novel functions
for an old molecule. Nat Rev Mol Cell Biol 2006;7:517–28.

26. Heyes MP, Chen CY, Major EO, Saito K. Different kynurenine pathway
enzymes limit quinolinic acid formation by various human cell types.
Biochem J 1997;326(Pt 2):351–6.

www.aacrjournals.org Mol Cancer Ther; 15(9) September 2016 2129

Inhibition of PAK4 and NAMPT Decreases RCC Growth

D
ow

nloaded from
 http://aacrjournals.org/m

ct/article-pdf/15/9/2119/2331124/2119.pdf by guest on 19 M
ay 2023



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings true
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 0
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 900
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ([Based on '[High Quality Print]'] Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames false
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides true
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        18
        18
        18
        18
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 18
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [792.000 1224.000]
>> setpagedevice




