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Abstract

Cutaneous T-cell lymphoma (CTCL) is a heterogeneous neo-
plasm and patients with relapsed/refractory disease exhibit resis-
tance to standard therapies. We have previously demonstrated
that the Mucin 1 C-terminal subunit (MUC1-C) plays a critical
role in protection from oxidative stress in CTCL cells. Targeting
of MUC1-C with a pharmacologic inhibitor, GO-203, was asso-
ciated with apoptosis in CTCL. However, disease responses were
incomplete underscoring the need for combinatorial strategies
that could exploit the vulnerability of CTCL cells to oxidative
signals. Cell lines, primary samples, and xenograft models of
CTCL were used to assess synergy of GO-203 with decitabine, a
hypomethylating agent. Present studies demonstrate that expo-
sure of CTCL cells to decitabine in combination with GO-203,
increased the generation of reactive oxygen species (ROS) levels
and decreased levels of scavenger molecules, NADP, NADPH,

glutathione, and TIGAR, critical to intracellular redox homeosta-
sis. Dual exposure to GO-203 and decitabine resulted in marked
downregulation of DNA methyl transferases demonstrating sig-
nificant synergy of these agents in inducing global and gene
specific hypomethylation. Accordingly, treatmentwith decitabine
and GO-203 upregulated the ROS generating enzymes, NADPH
oxidase 4 and dual oxidase 2 potentially due to their effect on
epigenomic regulation of these proteins. In concert with these
findings, exposure to decitabine and GO-203 resulted in height-
ened apoptotic death in CTCL cell lines, patient-derived primary
samples and in amurine xenograftmodel. These findings indicate
that decitabine intensifies MUC1-C inhibition induced redox
imbalance and provides a novel combination of targeted and
epigenetic agents for patients with CTCL. Mol Cancer Ther; 16(10);
2304–14. �2017 AACR.

Introduction
Cutaneous T-cell lymphoma (CTCL) is a hematologic malig-

nancy trophic to the skin with diverse patterns of disease presen-
tation and clinical outcome. Although therapyof localized disease
is highly effective, therapeutic options for patients with advanced
disease remains limited. Patients with advanced stages of mycosis
fungoides (MF) and Sezary syndrome (SS), the two most com-
mon subtypes of CTCL, have estimated 5-year survival rates of
20% to 40% (1, 2). Evenmore challenging has been the treatment
of patients who experience relapsed or refractory (R/R) disease.
Better understanding of the tumor biology of CTCLhas yielded an

opportunity to change the treatment paradigm with the potential
for cure.

The Mucin 1 C-terminal subunit (MUC1-C) oncoprotein plays
a pivotal role in the survival of malignant cells including self-
renewal, proliferation, and resistance to apoptosis(3). A primary
mediator of these effects is the capacity of MUC1-C to regulate
cellular levels of reactive oxygen species (ROS; ref. 4). Notably,
maintenance of redox balance appears to be a critical factor in
protecting CTCL cells from apoptosis in comparison with normal
T cells (5, 6). We recently demonstrated that MUC1-C is over-
expressed in CTCL cells (7). We have developed a clinical grade
cell-penetrating peptide that disrupts homodimerization of the
MUC1-C subunit necessary for nuclear translocation and down-
stream signaling (ref. 8; Supplementary Fig. S1E and S1F). Treat-
ment of CTCL cells with the MUC1-C inhibitor (GO-203) was
associated with increased oxidative stress resulting in cell death in
the context of late apoptosis and necrosis. These findings indi-
cated that MUC1-C contributes to redox balance in CTCL and
thereby is a novel target for its treatment. However, disease
response in in vivo models was incomplete highlighting the need
to explore synergistic combinations of theMUC1-C inhibitorwith
other agents that can enhance redox disruption mediated cyto-
toxicity of the CTCL cells.

Histone deacytelase and hypomethylating agents (HMA) were
recently shown to exhibit efficacy in preclinical T-cell lymphoma
models (9, 10).Of note, CTCLdemonstrates abnormal patterns of
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methylation and expression of tumor suppressor genes correlat-
ing with the clinical disease presentation (11, 12). In addition,
decitabine has also been shown to induce ROS accumulation in
acute myeloid leukemia models (13). As such, we hypothesized
that CTCL would demonstrate enhanced sensitivity to combina-
tion therapy with agents that increase oxidative stress by modu-
lating the epigenome.

In this study, we demonstrate that exposure of CTCL cells to
decitabine and the MUC1-C inhibitor at minimal cytotoxic con-
centrations results in a marked increase in ROS levels and deple-
tion ofNADP,NADPH, and glutathione (GSH). The combination
also induced greater downregulation of the TP53-induced glycol-
ysis and apoptosis regulator (TIGAR), critical to protection from
oxidative stress. Further, we demonstrate that GO-203 exerts an
independent effect on hypomethylation via its suppression of
DNAmethytransferases (DNMT) in CTCL. Accordingly, the com-
bination of GO-203 and decitabine was associated with greater
downregulation of DNMT 1 and 3b and this resulted in both a
global and gene-specific decrease in DNA methylation in CTCL
cells. A corresponding increase in expression of the ROS inducing
enzymes, NADPH oxidase 4 (Nox4), and dual oxidase 2 (Duox2)
potentially epigenetically regulated methylation in CTCL was
seen both at mRNA and protein level. This increase in oxidative
stress led to phosphorylation of Smad2 and 3 proteins, activation
of Smad signaling and consequently downregulation of c-Myc. In
concert with these findings, combination therapy resulted in a
synergistic and dose-dependent increase in late apoptosis/necro-
sis across CTCL cells and in primary patient samples. In a murine
xenograft model of CTCL, treatment with GO-203 and decitabine
resulted in significant reduction of tumor volume as compared to
either agent alone. Collectively, these results provide a strong and
diverse molecular rationale for the potential synergy of this
combination in CTCL.

Materials and Methods
Cell culture

TheCTCL cell lines, H9 (HTB-176),HuT-78 (TIB-161), andHH
(CRL-2105) were obtained from ATCC 1 month before start of
experiments in July 2015, and authentication was performed
using short tandem repeat (STR) profiling. CTCL cell lines, Myla,
and SeAx was obtained from Dr Robert Gniadecki (University of
Copenhagen, Denmark) and authenticated by STR before use. All
cell lineswere grownaspreviously described (7). All cell lineswere
tested for mycoplasma detection with the MycoSEQMycoplasma
Detection Assay from Applied Biosystems prior to use. Cell lines
were in passage for three months between thawing and use in
described experiments.

Materials
Decitabine was purchased from Selleckchem (S1200). Genus

Oncology LLC provided GO-203. N-acetyl cysteine (NAC) was
purchased from Sigma.

Measurement of ROS levels
Briefly, H9, HuT-78, Myla and primary CTCL cells were incu-

bated with 5 mmol/L carboxy-H2DCFDA (2',7'-dichlorodihydro-
fluorescein diacetate) for 30 minutes at 37�C to assess ROS-
mediated oxidation to the fluorescent compound 2',7'-dichloro-
fluorescein (DCF), which was measured by excitation at 480 nm
and emission at 590nm. The experimentwas done in triplicate for
the cell lines and repeated thrice.

Flow cytometric analysis of cell death
H9 and HuT-78 cells were incubated with propidium iodide

(PI)/annexin V-fluorescein isothiocyanate (BD BioSciences) for
15 minutes at room temperature and then analyzed by flow
cytometry. Each experiment was done in triplicate and repeated
thrice.

Determination of NADP, NADPH, and GSH levels
Intracellular NADPH concentrations were measured using

the NADP/NADPH-Glo Assay Kit (Promega G9081). Intracel-
lular GSH concentrations were measured using GSH-Glo Glu-
tathione Assay Kit (Promega V6911) as per manufacturer's
instructions. Each experiment was done in triplicate and repeat-
ed thrice.

Immunoblot analysis
Cell lysates were prepared as described (7). Soluble proteins

were analyzed by immunoblotting with anti-DNMT1, 3b
(Abcam), anti-Histone 3 (tri methyl K27; Abcam), anti-TIGAR
(Abcam), anti-phospho-p38 (Abcam), anti-Total p38 (Abcam),
anti-phospho JNK (Abcam), anti-Total JNK (Abcam), anti-Nrf2
(Abcam), anti-phospho Smad2, and Smad3 (Cell Signaling Tech-
nology), anti-Total Smad2 and Smad3 (Cell Signaling Technol-
ogy), anti-c-Myc (Abcam), and anti-GAPDH (Cell Signaling
Technology).

DNA methylation analysis
Untreated and treated H9 cells were harvested. Following

bisulfite conversion of DNA, direct pyrosequencing was per-
formed to quantify methylation levels in 4 CpG positions of the
LINE-1 element as a global measure of DNA methylation. Using
the same technique promoter specific methylation of 8 CpG
positions in the human Nox4 gene and 7 CpG positions in the
human Duox2 gene was performed and quantified. Experiment
was done in triplicate in conjunction with EpigenDx, Inc.

RNA extraction and RT-qPCR
RNA was extracted from H9 and HuT-78 cells under described

experimental conditions using the RNeasy Mini Kit (Qiagen)
according to the manufacturer's instructions. RT-PCR primers for
human Nox4 and Duox2 were purchased from Sigma-Aldrich.
Real-time quantitative PCR analysis was performed using Bio-
Rad's iTaq Universal One-step RT-qPCR Kit per manufacturer's
instructions.

Cytotoxicity assays
H9, HuT-78, Myla, SeAx, and HH lines were resuspended at a

concentration of 1.0 to 1.5 � 104 cells per well in a 96-well plate
(CoStar) and incubated at 37�C in a 5% CO2 humidified incu-
bator for 96 hours. Decitabine was added at concentrations from
10 to 40 nmol in 100 mL as a single dose, selected to approx-
imate the IC5–IC10 (concentration at which 5% to 10% cells are
dead), GO-203 was added daily for 3 days at concentrations
ranging from 1.5 to 3 mmol in 100 mL selected to approximate
the IC10–IC25 (concentration at which 10–25% cells are dead).
When combining decitabine and GO-203, identical drug con-
centrations and schedule was used. At 96 hours, the cells were
evaluated for viability using the CellTiter-Glo reagent from
Promega (G7572) as previously described (7). Each experiment
was done in triplicate and repeated thrice and viability com-
pared with untreated cells.
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FACS sorting of primary CTCL cells and cytotoxicity assay
Blood samples were obtained from three patients with leuke-

micCTCL (L-CTCL) seen at theCutaneous LymphomaProgramat
the Dana-Farber/Brigham and Women's Cancer Center under an
IRB approved protocol for sample acquisition as previously
described (7, 14). Briefly, peripheral blood mononuclear cells
(PBMC)were isolated by Ficoll centrifugation and incubatedwith
mAb DF3 (anti-MUC1-N) followed by secondary labeling of the
cells with FITC-conjugated goat anti-mouse IgG and malignant
clone specific PE-conjugated anti-TCR Vb mAbs as previously
described(7, 14). The MUC1-N and TCR Vb double positive
population was FACS sorted on a Mo-Flo Legacy cell sorter
(Beckman Coulter). Cells were counted and re-suspended at an
approximate concentration of 1.0�104 perwell in a 96-well plate
(Becton Dickinson Labware) and incubated at 37�C in a 5% CO2

humidified incubator for up to 96hours. Cells were left untreated,
or a single dose of decitabine was added at a concentration of
40 nmol, or GO-203 was added daily for 3 days at 3 mmol or the
combination. At 96 hours, the cells were evaluated for viability
using the CellTiter-Glo reagent.

Therapy with decitabine and/or GO-203 in a murine xenograft
model

Five- to seven-week-old female NSG mice were injected with 2
million H9 cells in the flank via a subcutaneous route. Three-
dimensional ultrasound imaging data sets were collected for each
xenograft using a Vevo 2100 ultrasound microimaging system
(VisualSonics Inc.) designed for small animal imaging. For anal-
ysis of ultrasound data, images were imported into Amira 5.2
(Visage Imaging) for volumetric analysis. Mice were imaged once
a week for 3 weeks starting 4 days after inoculation of cells. After
the xenograft tumors reached an average of 5 to 7mm in diameter
on imaging, mice were randomized to the four treatment groups
of five animals each: (1) a control group treated with PBS alone;
(2) a decitabine treated- group that received the drug at 0.4mg/kg
i.p. twice per week for 3 weeks; (3) GO-203-treated group that
received the drug at 14mg/kg by intradermal administration each
day for 3 weeks and; (4) combination therapy group where mice
received both drugs at the same concentration and schedule as
single agents. All the mice were monitored twice a week and
managed as per IACUC regulations mentioned above. All mice
were sacrificed 1 week after completion of treatment and tumor
tissue was harvested for immunohistochemical analysis. Forma-
lin-fixed and paraffin-embedded 5 mm sections of tumor samples
were analyzed for apoptotic cells by terminal deoxynucleotidyl
transferase–mediated dUTP nick end labeling (TUNEL) staining
using the tumor TACS in situ Apoptosis Detection Kit (R&D
Systems, Inc.) as per manufacturer instructions. Tumors were
scored by the percentage of cells positive for necrosis and for
TUNEL (as a measure of apoptosis). FFPE tumors were also
analyzed for changes in the expression of DNMT1, DNMT3B,
and H3K27me by IHC. Tumors were scored based on grading of
intensity (1þ to 3þ) of the stain per high power field (hpf). An
average of the score alongwith a range is reported. All experiments
were performed in accordance with IACUC approval.

Statistical analysis
The Student t test was used to assess statistical significance. The

standard referencemodel of Bliss independence was used to assess
synergy. Bliss predicts the combined response C for two single
compounds with effects A and B is C¼ Aþ B – A� B, where each

effect is expressed as fractional inhibition between 0 and 1. The
difference between Bliss expectation and observed growth inhibi-
tion induced by the combinationof agent A and B at the samedose
is the "Bliss excess" (15, 16). For each of the experiments, synergy
was confirmed by Calcusyn Version 2.0 software by determining
combinational index (CI). Values < 1 represent synergistic effect of
the two drugs, values equal to 1 indicate themean additive effect of
the drugs, and values >1 represent an antagonistic effect (17).

Results
Combination of decitabine and MUC1-C inhibitor increases
ROS in CTCL cells

CTCL cell lines H9 and HuT-78 overexpress MUC1-C in com-
parison to other cell lines SeAx and HH and hence these were
chosen to perform in vitro and in vivo experiments (7). Treatment
of H9 and HuT-78 cells with minimal inhibitory concentrations
of decitabine in combination with the MUC1-C inhibitor, GO-
203, was associated with a marked increase in ROS levels (Fig. 1A
andB) as compared to either agent alone. This increasewas at least
partially reversed by concurrent exposure of the cells to the
antioxidant NAC that promotes the scavenging of ROS under-
mining greater disruption of redox balancewith the combination.
Representative flow cytometry histograms are presented in Sup-
plementary Fig. S1A and S1B. Similar results were confirmed in
Myla, anotherMUC1-C expressingCTCL cell line (Supplementary
Fig. S2A and S2B). We subsequently investigated the impact of
GO-203 in combination with decitabine on pro-apoptotic pro-
teins such as p38 MAPK and JNK characteristically induced by
increased oxidative stress. A marked increase in the ratio of
phospho-p38 and phospho-JNK to Total-p38 and Total-JNK,
respectively, was observed in H9 cells with dual exposure to
decitabine and GO-203 (Figs. 1C and D).

Combination of decitabine and MUC1-C inhibitor decreases
NADPH, GSH, and TIGAR in CTCL cells

Consistent with above findings, exposure to decitabine and
GO-203 resulted in a marked reduction of the ROS scavenging
molecules, NADP, NADPH, and GSH in H9 cells as compared to
cells treated with either agent alone (Fig. 2A and 2B). Similar
findingswere observed inHuT-78 cells (Fig. 2C andD). TIGAR is a
potent regulator of glycolysis, redox potential, and apoptosis
whose expression is modulated by p53 expression. We have
previously demonstrated that MUC1-C inhibition was associated
with decrease in the expression of TIGAR that escalates ROS
expression. In this study, we demonstrate that combination of
GO-203 and MUC1-C inhibition is associated with further
decrease in TIGAR expression potentially through impact on
p53 expression (Fig. 2E and F). This attenuation of ROS scaveng-
ing process provides a potential mechanistic explanation for
redox deregulation and associated synergistic induction of ROS
by the combination. These results highlight that decitabine in
combinationwithMUC1-C inhibition intensifies ROS generation
and decreases ROS-scavenging capacity leading to disturbance in
intracellular redox homeostasis.

Combined therapy with decitabine and MUC1-C inhibitor
inhibits DNMTs altering Nox4 and Duox2 expression and
activating Smad signaling

Having observed a diminution in ROS scavenging abilities, we
investigated the effects of the combination on ROS generating
mechanisms. Decitabine has been demonstrated to disrupt redox
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homeostasis through its modulation of ROS generative enzymes
such asNox. Accordingly, we assessed the impact of the combined
therapy on hypomethylation and the resultant transcriptional
changes that could increase ROS levels in this setting. In this study,
we demonstrate that exposure of CTCL cells to GO-203 down-
regulates DNMT 1 and 3b expression. Consistent with this find-
ing, combined therapy with GO-203 and decitabine markedly
reduced the expression of these proteins compared to either agent
alone (Fig. 3A and B). We hypothesized that the resulting hypo-
methylation would increase expression of proteins such as tri-
methyl histone 3 (H3K27me) and NADPH oxidases, a family of
oxidases that induces superoxide production with two of its
isoforms having putative CpG islands in its promoter (13).
Consistent with our hypothesis, we demonstrated that combined
therapy with decitabine and GO-203 increased expression of
H3K27me and isoforms Nox4 and Duox2 providing a mecha-
nistic link between combined hypomethylating effect of these
agents and subsequent ROS-mediated killing of CTCL cells. To
validate the effects of the increased oxidative stress exerted by the
combination on established downstream signaling changes that
promote apoptosis, we investigated the effect on Smad signaling

pathway. We also observed an increase in expression of Nrf2,
which prevents excessive cellular damage produced by oxidative
stress under homeostatic conditions, supporting previous obser-
vations. ROS is known to regulate the expression of the Smad
family of transcription factors (18). Accordingly, increased phos-
phorylation of Smad2 and Smad3 proteins leading to their
activation was observed with the combination. Further, expres-
sion of the c-Myc oncoprotein, a known downstream target gene
of the Smad andMUC1-C signaling pathways was downregulated
in the combination treated cells (19). These results highlight the
potential mechanisms by which ROS is induced by the combi-
nation and the role of redox disruption in altering expression of
key transcriptional proteins regulating proliferation and cell cycle.

Combination of decitabine and MUC1-C inhibitor induces
synergistic decrease in DNA methylation

Based on downregulation of DNA methyltransferases associ-
ated with combination treatment, we investigated the effects of
the combination on DNA methylation patterns. Indeed, in the
combination treated H9 and HuT-78 cells, there was a significant
decrease in the percentage of DNA methylation at each of the
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Figure 1.

Decitabine and MUC1-C inhibitor, GO-203 combination increases ROS levels and apoptosis in CTCL cells, which is abrogated by addition of NAC. A and B, H9 and
HuT-78 cells were left untreated, treated with 3 mmol GO-203 each day for 3 days, single dose of 40 nmol Decitabine (Dac) or the combination. The
combination treated cells were also incubated in the presence of 5 mmol NAC for the last 2 days (combination plus NAC). At 96 hours harvested cells were
incubated with c-H2DCFDA for 30 minutes. Fluorescence of oxidized DCF was measured by flow cytometry. The results are expressed as the relative ROS
levels in live cells (mean � SD of three determinations) compared with that obtained for control cells. C and D, H9 cells were left untreated, treated with
3 mmol GO-203 each day for 3 days, single dose of 40 nmol Decitabine or the combination. Cells were harvested at 96 hours. Lysates were immunoblotted for
phospho-p38 MAPK, total p38 MAPK, phospho-JNK, and total JNK. Representative histograms depicting fold change in phospho-p38/total p38 MAPK and
phospho-JNK/total JNK (mean � SD of three determinations) are shown.
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four CpG positions in the long interspersed nucleotide element
(LINE-1) repeats, a surrogate marker of global DNA methylation
(Fig. 4A and D). This supports a role for the combination in
inducing greater global DNAmethylation compared to the single
agents. Having observed a global decrease in methylation and
increase in protein expression of Nox4 and Duox2, we investi-
gated the effects of the combination on methylation of the Nox4
and Duox2 promoter. In line with our hypothesis, we noted a

statistically significant decrease in the percentage of DNA meth-
ylation at each of the eight CpG positions in the Nox4 promoter
(positions �386 to �296; Fig. 4B and E) and seven CpG sites in
the Duox2 promoter (positions �902 to �860) (Fig. 4C and F).
Locations of the CpG sites that were analyzed in the promoter of
these genes with respect to the remaining to the structure of the
genes are represented in Supplementary Figs. S3 and S4. The
present results extend the importance of the combination in
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Figure 2.

Decitabine andGO-203 combination decreases NADP, NADPH, GSH, and TIGAR levels leading to decrease in ROS scavenging abilities in CTCL cells.A andB,H9 cells
were left untreated, treated with 3 mmol GO-203 each day for 3 days, single dose of 40 nmol Dac or the combination. Cells were analyzed for NADP,
NADPH, and GSH levels at 96 hours. The results are expressed as fold change in total NADP and NADPH and GSH levels relative to the control (mean � SD of
three determinations). C and D, HuT-78 cells were also analyzed for NADP, NADPH, and GSH levels at 96 hours under the same conditions mentioned above
(mean � SD of three determinations). E and F, H9 and HuT-78 cells were left untreated, treated with 3 mmol GO-203 each day for 3 days, single dose of
40 nmol Decitabine or the combination. Cells were harvested at 96 hours. Lysates were immunoblotted with the indicated antibodies.
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enhancing global and gene-specific DNA demethylation includ-
ing epigenetic changes in redox homeostatic genes.

Decitabine and GO-203 combination increase expression of
Nox4 and Duox2 mRNA

To investigate whether the combination regulates transcription
ofNox4 andDuox2 following promoter demethylation, qRT-PCR
was performed. A statistically significant increase in Nox4 and
Duox2mRNA levels was observed in the combination treated H9
and HuT-78 CTCL cells compared with control and single agents
(Supplementary Fig. S5).

Decitabine and GO-203 demonstrate synergistic killing
of MUC1-C positive versus MUC1-C negative CTCL
cell lines in vitro

In keeping with increase in oxidative stress, a significant
increase in cells manifesting late apoptosis/necrosis was observed

following exposure to decitabine and GO-203 as compared
to either agent alone as determined by flow cytometric analysis
of PI/annexin V–FITC staining (Supplementary Fig. S6A and S6B).
Representative flow cytometry plots are demonstrated in Supple-
mentary Fig. S6C and S6D. The induction cell death was reversed
by exposure of the cells to NAC highlighting the contribution of
redox disruption in inducing cytotoxicity.

To formally assess synergy of cytotoxic killing by decitabine and
GO-203, H9 and HuT-78 cells were treated with a single dose
of decitabine in nanomolar concentrations corresponding to
IC5–IC10 (10–40 nmol) and MUC1-C inhibitor, corresponding
to IC10–IC25 (1.5–3 mmol). The combination demonstrated
marked synergy with respect to induction of cytotoxic
death over a range of concentrations in both cell lines (Supple-
mentary Fig. S7A and S7B). The validated "Excess over Bliss
Independence Model" was used to assess synergistic interaction.
Values >10 represent synergy. Excess over Bliss (EOB) scores and
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Figure 3.

Decitabine and GO-203 combination decreases expression of DNMT1, 3b, increases Nox4, Duox2, activates Nrf2 and Smad signaling pathway leading to
downregulation of c-Myc. A and B, H9 and HuT-78 cells were left untreated, treated with 3 mmol GO-203 each day for 3 days, single dose of 40 nmol Decitabine
or the combination. Cells were harvested at 96 hours. Lysates were immunoblotted with the indicated antibodies.
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combinational index values presented in the adjoining tables
(Supplementary Fig. S7C and S7D) indicated increasing synergy
with escalation of doses across the cell lines. Similar results were
confirmed in another MUC1-C expressing cell line, Myla (Sup-
plementary Fig. S2C and S2D). SeAx and HH are two CTCL cell
lines with low to negative expression of MUC1-C as previously
demonstrated by us (7). The combination failed to induce cyto-
toxic killing in both these cell lines, providing support for cyto-
toxic specificity of the combination in MUC1-C positive CTCL
cells (Supplementary Fig. S1C and S1D).

Combination of decitabine and MUC1-C inhibitor is cytotoxic
in primary CTCL cells

The malignant clonal population was isolated from three
primary CTCL samples by FACS of PBMCs for the double
positive cells (TCR Vb and MUC1-N) as previously described.
FACS plots of all patients are presented in Fig. 5D. Sorted cells
were treated with single minimally cytotoxic dose of decitabine
(40 nmol) and daily GO-203 (3 mmol) for 3 days. Exposure to
decitabine and GO-203 resulted in a substantial decrease in
viability at 96 hours as compared to untreated and cells treated
with either agent alone (Fig. 5A–C). EOB scores presented
below confirmed synergy. An increase in ROS levels with the
combination that was partially reversed by NAC was also
confirmed in primary CTCL cells and is presented in Supple-
mentary Fig. S8.

Decitabine and MUC1-C inhibition demonstrate synergy in a
xenograft murine model of CTCL

To assess in vivo antitumor activity of the combination, H9 cells
were inoculated subcutaneously in the flank of NSG mice. After
the xenograft tumors reached a volume of approximately 100
mm3 as determined by 3D ultrasonography, cohorts of animals
were assigned to control (treated with PBS); treatment with
decitabine alone; GO-203 or combined therapy. Tumor volume
was quantified by serial assessment by ultrasonography. Rapid
tumor growthwas observed in the control cohort thatwas blunted
modestly in animals treated with either decitabine or GO-203
alone. In contrast, combination therapy resulted in a statistically
significant inhibition of tumor growth after completion of 3
weeks of therapy (Figs. 6A and B). One week after completion
of therapy, mice were sacrificed for histological examination of
the xenograft tumors and stained for TUNEL and trimetyl histone
3 analysis. Consistent with the in vitro studies, tumors isolated
from mice treated with decitabine and GO-203 demonstrated
higher levels of apoptotic cells and trimethyl histone as compared
to animals treated with either agent alone (Figs. 6C–F). P values
<0.05 represent statistical significance.

Discussion
We have demonstrated that the MUC1-C oncoprotein is selec-

tively expressed by CTCL cells as compared to normal T cells and
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Figure 4.

Decitabine and GO-203 combination induces LINE-1, Nox4, and Duox2 promoter DNA demethylation. A–C, H9 cells were left untreated, treated with 3 mmol
GO-203 each day for 2 days or 3 days, single dose of 40 nmol Decitabine or the combination. Cells were harvested at 72 and 96 hours, respectively.
Bisulfite conversion, PCR amplification, and pyrosequencing of four CpG positions in the LINE-1 element, eight CpG positions in the Nox4 promoter, and seven
CpG sites in the Duox2 promoter were analyzed. The results are expressed as the average percentage DNA methylation (mean � SD of three determinations)
of the CpG positions in control, GO-203 alone, decitabine alone, and combination treated cells. The asterisk (�) denotes a P value of <0.05. D–F, Similar
results were confirmed in HuT-78 cells.
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plays a vital role in protecting tumor cells fromROS-mediated cell
death. Consistent with these findings, inhibition of MUC1-C
signaling using a cell penetrating peptide that block dimerization,
nuclear translocation, and downstream signaling by theMUC1-C
subunit results in increased ROS levels and apoptotic cell death in
in vitro and in vivomodels. Although it demonstrated therapeutic
efficacy, treatment with theMUC1-C inhibitor alone did not fully
eradicate disease in a xenogeneicmousemodel, suggesting that its
effect in promoting ROS-mediated cell death is incomplete. As
such, we have investigated strategies to further enhance MUC1-C
inhibition-mediated cytotoxicity in an effort to develop effective
therapies without detrimental effects for this challenging T-cell
lymphoma. The hypomethylating agent, decitabine, modulates
redox balance in leukemia models (13). Based on our recent
observation that MUC1 contributes to regulation of oxidative
stress in CTCL cells, we sought to systematically explore the effect
of the MUC1-C inhibitor with decitabine on redox signaling. To
minimize toxicity of combination treatments, we specifically
chose minimal inhibitory concentrations of both compounds.

Herein, we demonstrate that exposure to decitabine and GO-203
results in increased ROS levels and increased expression of proa-
poptotic proteins such as phospho-p38 and phospho-JNK as
compared to either agent alone. Given the pleiotropic effects of
MUC1-C targeting and HMAs, we hypothesized that the combi-
nation may have an effect on ROS-scavenging ability. In this
context, the combination led to a decrease in levels of the
scavenger molecules, NADP, NADPH, and GSH. The downregu-
lation of TIGAR resulted in its inability to inhibit glycolysis and
protect from increase in intracellular ROS levels. To investigate the
mechanistic basis for enhanced generation of ROS with the
combination,wefirst examined the impact ofMUC1-C inhibition
on DNMT 1 and 3b, essential for maintaining DNAmethylation.
We observed that targeting MUC1-C affects methylation patterns
via its regulation of DNMT expression. We hypothesized that
combining MUC1 inhibition with decitabine would further
increase the degree of hypomethylation, resulting in enhanced
transcription of genes that could modulate redox signaling.
Indeed, we found that targeting MUC1-C in combination with
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Decitabine and GO-203 combination is synergistically cytotoxic in CTCL primary cells. A–C, MUC1-N and TCR Vb rearranged double positive malignant population
was FACS sorted from three patients with L-CTCL. Cells were left untreated, treated with 3 mmol GO-203 each day for 3 days, single dose of Dac 40 nmol
or the combination (GO plus Dac). Cell Titer Glo was added and viability was measured at 96 hours. The results are expressed as relative percentage viability
(mean � SD of 3 determinations) compared to the control. Excess over Bliss independence Model was used to calculate synergy co-efficients reported
in the respective tables. Values greater than 10 represent synergy.D, FACS plots of the three patients with L-CTCL are depicted demonstrating sorting of the double
positive, TCR Vb, and MUC1-N population from PBMCs for in vitro cytotoxicity experiments.
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decitabine resulted in the near abrogation of DNMT 1 and 3b
levels supporting our hypothesis. The combination induced
marked decrease in global DNA methylation as reflected in the
reduction of DNA methylation percentage of all CpG sites in the
LINE-1 element. Further, the combination treatment was associ-
ated with a greater diminution in DNAmethylation of Nox4 and
Duox2 promoter that play a critical role in cellular redox balance.
These results provide evidence for synergistic effect of the com-
bination in inducing DNA demethylation and varied molecular
effects leading to the intensified antitumor activity of the com-
bination. Decrease in the expression of other proteins such

DNMT1 and 3b was also seen in the xenograft tumors but was
not statistically significant probably due to heightened apoptosis
mediating clearance of tumor cells.

The Nox family of which there are currently seven identified
isoforms (Nox1, Nox2, Nox3, Nox4, Nox5, Duox1, and Duox2)
produce ROS (13, 20). They useNADPH as an electron donor and
are widely distributed in cancer cells. Nox4 and Duox2 have
putative CpG islands around its promoter region invoking the
possibility of hypomethylation by DNMT inhibitors such as
decitabine. We found that the combination of decitabine and
MUC1-C inhibitor is associated with upregulation of Nox4 and
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Figure 6.

Decitabine and GO-203 combination treatment results in greater decline of the xenograft CTCL tumors. A and B, Two and a half million H9 cells were injected
subcutaneously in the flank of NSG mice (n ¼ 20). In vivo ultrasound (US) images were acquired starting day 4 after inoculation of cells. After the mean
diameter of the tumor reached 5 to 7 mm they were randomized to control, treatment with GO-203 alone, treatment with decitabine (Dac) alone or combination
cohorts (n ¼ 5 in each cohort). Control mice were treated with normal saline daily injected intradermally. In the GO-203 alone arm, drug was administered
daily at the dose of 14 mg/kg i.d. for 21 days. In the decitabine alone arm, drug was administered twice per week at the dose of 0.4 mg/kg intraperitoneally (i.p.) for 3
weeks. In the combination arm, Dac and GO-203 were administered at same doses, schedule, and route as single agents for 3 weeks. Both cohorts were
imaged before starting treatment and subsequently weekly. The US system acquired sequential images for each tumor, resulting in a three-dimensional (3D)
representation of the tumors. The 3D images were used to calculate the estimated tumor volume, and generate a tumor response curve (A). Representative
pictures with the area of the tumor outlined by blue line are shown (B). C and D, Xenograft tumors were harvested from the different cohorts 1 week after
completion of treatment. The tumors were stained and analyzed by TUNEL for apoptosis and quantified for percentage of apoptotic cells in combination arm in
comparison with other cohorts (C). Representative photomicrographs (20�) of TUNEL positive cells, averaging 10 per 100� hpf in the control group, 10 per
100�Hpf in theDecitabine group, 12.3 per 100�Hpf in theGO-203group, and 18.8 in the combination group are shown (D). Xenograft tumorswere also stained for tri
methyl histone 3 (H3K27me; E). Representative photomicrographs of H3K27mepositive cells, averaging 1.54 per 100� hpf in the control group, 2.04 per 100�Hpf in
the decitabine group, 2 per 100� Hpf in the GO-203 group, and 2.5 in the combination group are shown (F). P values <0.05 represent statistical significance.
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Duox2 expression potentially through decrease in their CpG
methylation sites of the promoters and greater mRNA levels. In
linewith previous observations, the intracellular redox disruption
associated with the combination led to activation of Nrf2, acti-
vation of Smad signaling pathway, which in turn resulted in
downregulation of c-Myc, a critical oncogene. These data collec-
tively produce diverse cellular evidence for the remarkable synergy
observed with the combination in CTCL cells. In summary, we
believe that the combination exerts pleiotropic antitumor effects
by disrupting redox balance and modifying the expression of key
regulatory proteins involved in apoptosis, cell adhesion, and cell
cycle. Of note, our studies do not exclude the possibility that
mechanisms outside of redox disruption can provide alternative
molecular basis for the synergy observed. Transcription of tumor
suppressive microRNAs with hypermethylated promoters unique
to CTCL could be one such possibility and will be the focus of
subsequent studies (11, 12).

It is worth noting the low concentrations of decitabine and
MUC1-C inhibitor that were specifically selected for the experi-
ments. The translational relevance of this observation raises the
attractive prospect of combining these agents to improve thera-
peutic index without adverse events. It is also interesting to see
that many of the profound molecular changes incited by the
combination were modestly modified by the single agents and
could be potentially related to the low concentrations of both
agents and single treatment with decitabine. We believe that this
argues favorably in the synergy invoked by this combination.

In conclusion, the present results support the potential of
targeting MUC1-C and DNMT inhibitors in CTCL. The combi-
nation (1) impairs ROS repair mechanism through decrease of
NADPH, GSH, and TIGAR (2) is associated with down regulation
of DNMT's, decrease in global and gene-specific promoter DNA
methylation and upregulation of Nox4 and Duox2 protein
expression (3) collectively these lead to increase in overall cellular
ROS levels and, (4) ROS-mediated late apoptosis/necrosis
through modulation of different genes including oncoproteins
and tumor suppressors. MUC1-C inhibitor has entered phase I/II
evaluation in patients with AML (https://clinicaltrials.gov/ct2/
show/NCT02204085) and based on the above results warrants
an early phase study in CTCL patients. Efficacy of this regimen in

the clinic will provide the impetus needed to combine agents with
robust scientific rationale and preclinical data in this poorly
understood neoplasm. Our observations have led us to use this
combination as a backbone in developing novel strategies target-
ing redox regulation in CTCL.

Disclosure of Potential Conflicts of Interest
Donald Kufe has ownership interest (including patents) for Genus Oncol-

ogy; and also is a consultant/advisory board member in Genus Oncology. No
potential conflicts of interest were disclosed by the other authors.

Authors' Contributions
Conception and design: S. Jain, A. Washington, R.K. Leaf, T.S. Kupper, D. Kufe,
D. Avigan
Development of methodology: S. Jain, P. Bhargava, D. Avigan
Acquisition of data (provided animals, acquired and managed patients,
provided facilities, etc.): S. Jain, A. Washington, R.K. Leaf, R.A. Clark,
D. Stroopinsky, L. Cole, A. Apel, D. Avigan
Analysis and interpretation of data (e.g., statistical analysis, biostatistics,
computational analysis): S. Jain, A. Washington, P. Bhargava, D. Stroopinsky,
M. Nahas, A. Apel, D. Avigan
Writing, review, and/or revision of the manuscript: S. Jain, A. Washington,
P. Bhargava, M. Nahas, A. Apel, J. Rosenblatt, J. Arnason, D. Kufe, D. Avigan
Administrative, technical, or material support (i.e., reporting or organizing
data, constructing databases): S. Jain, T.S. Kupper, D. Avigan
Study supervision: S. Jain, D. Avigan
Other (samples): R.A. Clark
Other (review of the manuscript): A. Pyzer

Grant Support
The authors would like to thank LLS, grant #6139-14. This work was also

supported by R01 AR063962NIH/NIAMS (to R.A. Clark), R01 AR056720NIH/
NIAMS (to R.A. Clark), a Damon Runyon Clinical Investigator Award (to R.A.
Clark), the SPORE in Skin Cancer P50 CA9368305NIH/NCI (to T.S. Kufe) and
R01 AI097128 NIAID (to T.S. Kufe and R.A. Clark). Imaging studies were
performed in collaboration with the Small Animal Imaging Shared Resource
within the Beth Israel Deaconess Medical Center.

The costs of publication of this article were defrayed in part 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 January 18, 2017; revised April 13, 2017; accepted July 17, 2017;
published OnlineFirst July 20, 2017.

References
1. BurgG,KempfW,Cozzio A, Feit J,Willemze R, S Jaffe E, et al.WHO/EORTC

classification of cutaneous lymphomas 2005: histological and molecular
aspects. J Cutan Pathol 2005;32:647–74.

2. Kim YH, Liu HL, Mraz-Gernhard S, Varghese A, Hoppe RT. Long-term
outcome of 525 patients with mycosis fungoides and Sezary syndrome:
clinical prognostic factors and risk for disease progression. Arch Dermatol
2003;139:857–66.

3. Kufe DW.Mucins in cancer: function, prognosis and therapy. Nat Rev
Cancer 2009;9:874–85.

4. Yin L, Kosugi M, Kufe D. Inhibition of the MUC1-C oncoprotein induces
multiple myeloma cell death by down-regulating TIGAR expression and
depleting NADPH. Blood 2012; 119: 810–6.

5. Agrawal B, Krantz MJ, Parker J, Longenecker BM. Expression of MUC1
mucin on activated human T cells: implications for a role of MUC1 in
normal immune regulation. Cancer Res 1998;58:4079–81.

6. Klemke CD, Brenner D, Weiss EM, Schmidt M, Leverkus M, Gulow K, et al.
Lack of T-cell receptor-induced signaling is crucial for CD95 ligand up-
regulation and protects cutaneous T-cell lymphoma cells from activation-
induced cell death. Cancer Res 2009; 69:4175–83.

7. Jain S, Stroopinsky D, Yin L, Rosenblatt J, AlamM, Bhargava P, et al. Mucin
1 is a potential therapeutic target in cutaneous T-cell lymphoma. Blood
2015;126:354–62.

8. Raina D, Ahmad R, Joshi MD, Yin L, Wu Z, Kawano T, et al. Direct targeting
of the MUC1 oncoprotein blocks survival and tumorigenicity of human
breast carcinoma cells. Cancer Res 2009;69:5133–41.

9. Marchi E, Zullo KM, Amengul JE, Kalac M, Bongero D, McIntosh CM, et al.
The combination of hypomethylating agents and histone deacetylase
inhibitors produce marked synergy in preclinical models of T-cell lym-
phoma. Br J Haematol 2015;171:215–26.

10. Rozati S, Cheng PF, Widmer DS, Fujii K, Levesque MP, Dummer R.
Romidepsin and azacytidine synergize in their epigenetic modulatory
effects to induce apoptosis in CTCL. Clin Cancer Res 2016;22:2020–31.

11. Van Doorn R, Zoutman WH, Dijkman, de Menezes RX, Commandeur S,
Mulder AA, et al. Epigentic profiling of cutaneous T-cell lymphoma:
promoter hypermethylation ofmultiple tumor suppressor genes including
BCL7a, PTPRG, and p73. J Clin Oncol 2005;23:3886–96.

12. Sandoval J, Diaz-Lagares A, Saldago R, Servitje O, Climent F, Ortiz-Romero
PL, et al. MicroRNA expression profiling andDNmethylation signature for

Decitabine and the MUC1-C Inhibitor Synergize in CTCL

www.aacrjournals.org Mol Cancer Ther; 16(10) October 2017 2313

D
ow

nloaded from
 http://aacrjournals.org/m

ct/article-pdf/16/10/2304/1852128/2304.pdf by guest on 19 M
ay 2023

https://clinicaltrials.gov/ct2/show/NCT02204085
https://clinicaltrials.gov/ct2/show/NCT02204085


deregulated microRNA in cutaneous T-cell lymphoma. J Invest Dermatol
2015;135:1128–37.

13. Fandy TE, Jiemjit A, Thakar M, Rhoden P, Suarez L, Gore SD. Decitabine
induces delayed reactive oxygen species (ROS) accumulation in leukemia
cells and induces the expression of ROS generating enzymes. Clin Cancer
Res 2014;20:1249–58.

14. Clark RA, Shackelton JB, Watanabe R, Calarese A, Yamanata K,
Campbell JJ, et al. High-scatter T cells: a reliable biomarker for
malignant T cells in cutaneous T-cell lymphoma. Blood 2011;117:
1966–76.

15. Borisy AA, Elliott PJ, Hurst NW, Lee MS, Lehar J, Price ER, et al. Systematic
discovery of multicomponent therapeutics. Proc Natl Acad Sci U S A
2003;100:7977–82.

16. Berenbaum MC.Criteria for analyzing interactions between biologically
active agents. Adv Cancer Res 1981;35:269–335.

17. Kalac M, Scotto L, Marchi E, Amengual J, Seshan VE, Bhagat G, et al. HDAC
inhibitors and decitabine are highly synergistic and associated with unique
gene-expression and epigenetic profiles in models of DLBCL. Blood 2011;
118:5506–16.

18. Jain M, Rivera S, Monclus EA, Synenki L, Zirk A, Eisenbart J, et al.
Mitochondrial reactive oxygen species regulate transforming growth fac-
tor-b signaling. JBC 2012; 288:770–7.

19. Yagi K, Furuhashi M, Aoki H, Goto D, Kuwano H, Sugamura K, et al. c-Myc
is a downstream target of the Smad pathway. JBC 2002;277:854–61.

20. TrachoothamD, LuW,OgasawaraM,Nilsa RD,Huang P. Redox regulation
of cell survival. Antiox Redox Sig 2008;10:1343–74.

Mol Cancer Ther; 16(10) October 2017 Molecular Cancer Therapeutics2314

Jain et al.

D
ow

nloaded from
 http://aacrjournals.org/m

ct/article-pdf/16/10/2304/1852128/2304.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




