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Genome-wide mutational landscape of mucinous
carcinomatosis peritonei of appendiceal origin
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Michael L Samuels9, Evangeline S Mose2, Richard B Schwab3,5, Michael R Peterson6, Andrew M Lowy2,5†,
Kelly A Frazer1,5,7,8*† and Olivier Harismendy1,5,7†
Abstract

Background: Mucinous neoplasms of the appendix (MNA) are rare tumors which may progress from benign to
malignant disease with an aggressive biological behavior. MNA is often diagnosed after metastasis to the peritoneal
surfaces resulting in mucinous carcinomatosis peritonei (MCP). Genetic alterations in MNA are poorly characterized
due to its low incidence, the hypo-cellularity of MCPs, and a lack of relevant pre-clinical models. As such, application
of targeted therapies to this disease is limited to those developed for colorectal cancer and not based on molecular
rationale.

Methods: We sequenced the whole exomes of 10 MCPs of appendiceal origin to identify genome-wide somatic
mutations and copy number aberrations and validated significant findings in 19 additional cases.

Results: Our study demonstrates that MNA has a different molecular makeup than colorectal cancer. Most tumors
have co-existing oncogenic mutations in KRAS (26/29) and GNAS (20/29) and are characterized by downstream PKA
activation. High-grade tumors are GNAS wild-type (5/6), suggesting they do not progress from low-grade tumors.
MNAs do share some genetic alterations with colorectal cancer including gain of 1q (5/10), Wnt, and TGFβ pathway
alterations. In contrast, mutations in TP53 (1/10) and APC (0/10), common in colorectal cancer, are rare in MNA.
Concurrent activation of the KRAS and GNAS mediated signaling pathways appears to be shared with pancreatic
intraductal papillary mucinous neoplasm.

Conclusions: MNA genome-wide mutational analysis reveals genetic alterations distinct from colorectal cancer,
in support of its unique pathophysiology and suggests new targeted therapeutic opportunities.
Background
Mucinous neoplasms of the appendix (MNA), though
rare, represent a common subtype of appendiceal tu-
mors with an incidence of one per million in the US [1].
Primary MNAs are classified histologically as either low-
grade appendiceal mucinous neoplasm (LAMN) showing
no classic infiltrative invasion or mucinous adenocarcinoma
[2] which reflects a high-grade, invasive form of the disease
associated with a worse prognosis. MNAs are often diag-
nosed after primary tumor rupture and metastasis to the
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peritoneal cavity and designated as high or low histological
grade. The metastatic tumor cells often secrete large
quantities of extracellular mucin resulting in the clin-
ical syndrome known as mucinous carcinomatosis
peritonei (MCP) or pseudomyxoma peritonei (PMP).
Due to its location in the peritoneal cavity, the organ
of origin of MCP has been debated for a long time [3],
but a more systematic histology assessment [4] as well
as molecular characterization [5] has concluded that
the vast majority of MCP originates from the appendix.
Once peritoneal metastasis has occurred, disease progres-
sion, though relatively indolent, is frequently fatal [2,6].
The primary treatment of low-grade MCP is surgical.

Patients with high-grade MCP and those with inoperable
disease typically receive therapies approved for colorectal
cancer (CRC), although there is a limited understanding of
their efficacy. Furthermore, the genome-wide mutational
Ltd. This is an Open Access article distributed under the terms of the Creative
ommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and
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landscape of MNAs remains uncharted and its genetic rela-
tionship to CRC has not been thoroughly studied. As a
consequence, targeted therapies, which have dramatically
improved the outcome in many cancer types, including
CRC, have not yet impacted MNA treatment. A few fo-
cused studies of MNAs have reported activated KRAS in
50% to 100% of the cases [5,7-10], loss of heterozygosity of
APC in one patient [11,12], and p53 over-expression in
44% of the cases [10]. A recent study identified frequent
mutations in GNAS in LAMN, which were associated with
high mucin production [13]. However, the molecular study
of MNA remains technically challenging due to: (1) its very
low incidence; (2) the poor quality of available MCP
samples which have low cellularity (often <5%) and an
abundance of extracellular mucin; and (3) the absence
of relevant preclinical model systems such as cell lines
or xenografts. Notably, none of the molecular alter-
ations identified so far have directly impacted patient
care and all resulted from candidate gene approaches.
Systematic genome-wide sequencing of many cancer

types has recently revealed an extensive repertoire of
cancer-driving genes and pathways. Such studies have
led to an increased understanding of tumor biology of-
fering new opportunities for therapy and prognosis.
Many cancers including CRC have been initially ex-
plored genome-wide by analyzing a small number of
samples [14], with findings later borne out by larger-
scale studies [15]. Here, we present the first compre-
hensive molecular profiling of MCP from appendiceal
origin, an advanced stage of MNA with limited treat-
ment options. We performed whole exome sequencing
of 10 cases, nine low-grade and one high-grade, and
validated the results in 19 additional cases including
three primary LAMN. Our findings have immediate
implications for clinical care and suggest opportunities
to develop novel therapies targeting pathways driving
both tumor growth and mucin production.
Methods
Specimens
Research on specimen from human MNA was approved
by the Institutional Review Board of the University of
California, San Diego. Before enrolling in the study, all
patients gave informed consent. DNA was obtained
from matched blood (normal DNA) or fresh frozen
tumor tissue (tumor DNA) isolated by laser-capture
micro-dissection (LCM) of tumor cells from MCP of
appendiceal origin (nine low grade, one high grade
samples from the discovery group - Additional file 1:
Figure S1) or directly from the formalin fixed paraffin
embedded (FFPE) slides (five high-grade MCP, 11
low-grade MCP, and three LAMN samples from the
validation group).
Sequencing
For the discovery group, we performed whole exome
capture on 2.5 μg of genomic DNA from 10 normal
samples or 500 ng of DNA from 10 matching LCM
tumor samples using the Agilent SureSelect Human
All Exon v4 capture kit. Each resulting library was se-
quenced using one-quarter of a lane of Illumina HiSeq
2000 for 2 × 100 cycles. The resulting reads were aligned
to the human genome with BWA, refined with GATK,
the somatic variants and copy numbers were called
using Varscan. The raw sequencing reads are available at
the NCBI short read archive (SRA067608). For the valid-
ation group, we detected the presence of low frequency
mutations using ultra deep targeted sequencing of PCR
amplicons from KRAS codons 12/13/146, GNAS codon
201/227, and SMAD2 codon 465 on the Illumina HiSeq
2000. We also confirmed the presence of KRAS and
GNAS mutations by digital droplet PCR assays specific
to KRAS G12A/V/D and GNAS R201C/H (RainDance
Technologies’ RainDrop dPCR system).

Immunohistochemistry
Adjacent slides from FFPE blocks were stained for H&E
or incubated with primary antibodies against Phospho-p44/
42 MAPK (Erk1/2) (Thr202/Tyr204) or Phospho-(Ser/Thr)
PKA Substrate (Cell Signaling Inc.). All staining was com-
pared to normal appendix. The signal was scored by stain-
ing intensity (0 to 3+) and fraction of stained tumor cells
(0% to 100%). The enzyme was considered active at a signal
greater than 2 in more than 25% of tumor cells.
Complete material and methods are available as

Supplemental Information (Additional file 2).

Results and discussion
Global mutational landscape
We identified 2,173 somatic mutations located in the se-
quenced regions across all 10 tumors (Additional file 3:
Table S1) with a median of 54 non-silent mutations per
tumor, a number similar to non-hypermutated colorectal
cancers (CRC) [15]. Not surprisingly, the high-grade
sample had the highest mutation rate (4.9 per Mbp).
The median allelic fraction observed at somatically
mutated positions was 0.43 (Additional file 1: Figure
S2). Therefore the laser-capture microdissection suc-
cessfully enriched for tumor cells up to 86%, ensuring
sensitive mutation identification. The profile of substi-
tutions showed a majority (55%) of C > T transitions, a
common characteristic of CRCs, which suggests that
similar mechanisms are involved in DNA mutagenesis
and repair (Additional file 3: Table S2).
Of the somatic mutations identified, 693 predicted an

altered protein sequence in 642 unique genes (Additional
file 3: Table S3 and S4) of which 36 are mutated in two or
more tumors. The altered genes significantly affected 20
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known pathways (corrected P <0.01 - Additional file 3:
Table S5), most of which represent common signaling path-
ways mutated in cancer, overlapping with Ras-PI3K-Akt,
Wnt, TGFβ, or cAMP-PKA pathways. To determine the
significance of each recurrently mutated gene, we measured
their false recurrence rate (FRR) (Additional file 2). Of
the 36 recurrently mutated genes, 25 were considered
significant (FRR <0.05, Table 1). The non-significant
Table 1 Genes recurrently mutated in MNA

Gene N. MNA mutated FRRa Fraction of sam
(MNA | CRCb)

KRAS 10 0 1 | 0.42

GNAS 9 0 0.9 | 0.06

POM121L12 2 0 0.2 | 0.02

DOK6 2 0 0.2 | 0.02

IRX6 2 0.001 0.2 | 0.02

KRT37 2 0.001 0.2 | 0.02

EEF1A1 2 0.003 0.2 | 0.01

CRY2 2 0.003 0.2 | 0.01

SMAD2 2 0.004 0.2 | 0.04

SNTG1 2 0.004 0.2 | 0.02

OCA2 2 0.007 0.2 | 0.03

EPHA10 2 0.007 0.2 | 0.02

ZNF512B 2 0.008 0.2 | 0.03

PTCHD3 2 0.009 0.2 | 0.04

ANKRD24 2 0.009 0.2 | 0.02

DCLK1 2 0.011 0.2 | 0.05

PCDH10 2 0.011 0.2 | 0.09

MTIF2 2 0.014 0.2 | 0.02

ITGA11 2 0.014 0.2 | 0.02

COL5A3 2 0.014 0.2 | 0.04

PCDH17 2 0.015 0.2 | 0.08

CNTNAP2 2 0.018 0.2 | 0.06

TRPS1 2 0.022 0.2 | 0.09

ABCA7 2 0.04 0.2 | 0.06

FAT4 3 0.045 0.3 | 0.2

DOCK3 2 0.061 NA

ZNF469 2 0.067 NA

SPTA1 2 0.068 NA

COL6A3 2 0.089 NA

LAMA1 2 0.105 NA

APOB 2 0.261 NA

CSMD1 2 0.305 NA

MUC16 2 0.659 NA

TTN 2 0.992 NA
aFalse recurrence rate (FRR) <0.05 are in bold.
bMutSig significant (P <0.01).
genes contained expected false positives such as TTN and
MUC16 or CSMD1 [16], highlighting the specificity of the
FRR estimation. The significant genes included genes fre-
quently mutated in CRC such as KRAS (mutated in N= 10/
10), SMAD2 (2/10), and FAT4 (3/10), as well as genes mu-
tated in other cancers such as GNAS (9/10). Ten of the 25
remaining genes could be linked to oncogenesis, however
with a lesser degree of certainty. Surprisingly, the most
ples mutated Link to oncogenesis

Cancer Gene Census: pancreatic, colorectal, lung

Cancer Gene Census: pituitary tumors

RET signaling

Homeobox TF neurogenesis

Proto-oncogene of PTI1: Prost. Tumor Inducing 1

TFGβ pathway

Receptor for EPH pathway

Homologous to PTCH1: Shh receptor

Intestinal tumor stem cell marker

Silenced in multiple epithelial cancers

Mutated and silenced in GI cancer

Tumor suppressor in Gliomas

GATA factor involved in EMT in breast cancer

Putative receptor of Hippo pathway
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frequently mutated genes in CRC, APC and TP53, were
not recurrently mutated in the 10 MNAs analyzed, suggest-
ing distinct oncogenic processes.
Using the differences in coverage depth between tumor

and normal DNA, as well as evidence of loss of
Figure 1 Genome-wide copy number analysis. The log2 ratio of covera
(black dots) along each chromosome arranged in linear order (alternate gre
as amplified (red) or deleted (blue). Loss of heterozygosity at germline SNV
nine panels correspond to low-grade MCPs and the bottom panel to high-
heterozygosity, we were able to identify large (>1 Mb) copy
number aberrations (CNAs) (Figure 1). CNAs in the
low-grade MCPs represented a smaller portion of the
genome than for the high-grade MCP (median 138 Mb
vs. 1.1 Gb - Additional file 3: Table S6), suggesting a
ge between tumor and normal is indicated for all targeted exons
y/white shade). The inferred segments larger than 1 Mb are indicated
s is indicated by a dark blue tick at the bottom of each panel. The top
grade MCP.
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greater chromosomal instability in high-grade tumors.
An analysis at the level of the chromosome arm and
cytobands revealed several recurrent CNAs (Additional
file 3: Table S7 to S9) among which the gain of 1q
(amplified in N = 5 tumors), 20q (N = 2), 12p13 (N = 2),
and 19p12 (N = 3) as well as the loss of 1p36 (N = 3),
20p12 (N = 2), or 16q24 (N = 3). Gain of 1q, 20q or
12p13 as well as loss of 1q36 or 20p12 are also fre-
quent in CRC [15]. In contrast, CNAs present in more
than 50% of CRC tumors, such as amplification of
chromosomes 7, 8, or 13, loss of 8p or 18, were absent
or only seen once in MNA. Notably, none of the ampli-
fied large chromosomal segments showed a ploidy
higher than 4, and we identified only two focal dele-
tions and one focal amplification, spanning ST14, p15/
p16, and CCND1 genes, respectively, in three inde-
pendent samples (Additional file 3: Table S10). This
suggests that high and recurrent copy number aberra-
tions are uncommon and unlikely to drive MNA pro-
gression. Therefore both the sequencing and the copy
number analysis demonstrate that while MNAs may
Figure 2 The MNA mutational landscape. Samples from 19 MNA patien
somatic mutations (Additional file 3: Tables S4 and S11) (b) or copy numbe
sequencing using the discovery group (10 MCP samples - left side) or as va
(d) The levels of pErk, pAkt, and phosphorylated PKA substrates were meas
on signal strength and fraction of positive cells (Methods). (*) Only expecte
may impact the sensitivity of the validation.
share some somatic mutations with CRC, there are
clear genetic differences between these cancer types.

GNAS and KRAS mutations in low-grade MCP
The most striking genetic alterations identified were the
presence of both GNAS and KRAS mutations in every
low-grade MCP. KRAS was mutated in all nine low-
grade MCP samples, with three different missense alter-
ations: G12V (N = 7), G12D (N = 1), and A146T (N = 1).
The analysis of 14 additional samples, including three
primary LAMN, by ultra-deep targeted sequencing re-
vealed that KRAS was mutated in 91% (21/23) of
low-grade MNAs (Figure 2 and Additional file 3: Table
S11a). This incidence is significantly higher than ob-
served in CRC [15] or in previous reports on MNA
[5,7-10,13]. The less frequent KRAS-A146T mutation
has been observed in approximately 5% of CRC [15] and
increases RAS activity, mediating resistance to EGFR in-
hibitor gefitinib [17]. Immunostaining of 14 specimens
(both low-grade MCP and LAMN), revealed frequent
phosphorylation of Erk and Akt (Figures 2 and 3) as
ts were assessed for histopathology and cellularity (a), analyzed for
r aberrations (Additionalfile 3: Tables S7-S9) (c) as identified by exome
lidated by digital PCR and deep sequencing (19 samples - right side).
ured by immunohistochemistry and determined to be positive based
d codons were investigated in the validation group. Low cellularity



Figure 3 Immunohistochemistry. Normal appendix epithelium (a-d), low-grade MCP (e-h), high-grade MCP (i-l) samples were stained using
H&E (a, e, i), anti-pErk staining (b, f, j), anti-pAkt staining (c, g, k), and Anti-phospho-PKA substrates (d, h, l) on matched adjacent sections.
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expected from constitutive RAS signaling predicted by
oncogenic KRAS mutations. Finally, we observe, in one
sample, the co-occurence of two KRAS mutations
(G12V and G12D - Additional file 3: Table S17), indicat-
ing that different populations of KRAS-mutated cells
can co-exist within one specimen, as previously observed
in CRC [18].
GNAS encodes for the stimulatory G protein alpha

subunit (Gαs). It was originally found to be mutated in
pituitary tumors [19] and more recently in intraductal
papillary mucinous neoplasms of the pancreas (IPMN),
gastric, and intestinal adenomas, as well as CRC and
low-grade mucinous neoplasm of the appendix (LAMN)
[13,20-23]. We observed three types of GNAS mutations
at two sites, R201C (N = 7), R201H (N = 1), and Q227H
(N = 1), all of which are known to activate Gαs [24],
resulting in increased cAMP levels and PKA activity.
The analysis of 14 additional cases indicates that GNAS
was mutated in 82% (19/23) of low-grade MCP or
LAMN and immunostaining of phosphorylated PKA
substrates in 14 low-grade samples reveals strong PKA
activation in all cases (Figures 2 and 3), Finally, both
KRAS and GNAS mutations detected in one low-grade
MCP specimen were also identified in the matched pri-
mary LAMN and associated with the activation of Akt
and PKA (Additional file 1: Figure S3) indicating, for this
patient, the lack of major phenotypic evolution during
the metastasis.

PKA activity in high-grade MCP
The high-grade MCP analyzed by whole exome sequen-
cing differs notably from low-grade MCPs by the larger
number of chromosomal rearrangements, the presence
of a TP53 mutation and the absence of GNAS mutation.
Using ultra deep targeted sequencing in five additional
high-grade MCPs, we were able to detect a GNASmutation
only in one sample, suggesting that the GNAS mutational
status is significantly different between low-grade and high-
grade (21/23 vs. 1/6; P = 0.005; Additional file 3: Table S11
and Figure 2). This observation is consistent with the recent
observation of GNAS mutations in LAMN but not in pri-
mary mucinous adenocarcinoma of the appendix [13]. By
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immuno-histology, we were able to observe the strong acti-
vation of PKA in 3/3 high-grade MCPs, even in absence of
GNAS mutations (Figures 2 and 3). A close inspection of
the mutations identified in the high-grade MCP sample
from the discovery group revealed a W197S mutation in
the catalytic subunit of PKA (encoded by PRKACA). A dif-
ferent substitution at the same residue is known to result in
PKA constitutive activation [25].

Additional mutated cancer genes
Other cancer genes were recurrently mutated in MNAs.
Members of the TGFβ pathway SMAD2, SMAD3,
SMAD4, TGFBR1, and TGFBR2 were mutated in seven
samples (Figure 2). All mutations are predicted to be
loss of function (Additional file 3: Table S4). Interest-
ingly both SMAD2 mutations identified occur at Ser465
residue, thereby abolishing a phosphorylation site essen-
tial for Smad4 binding and propagation of TGFβ signal-
ing [26]. Furthermore, both SMAD2 mutations are
homozygous due to a loss of heterozygosity of chromo-
some 18 (Additional file 1: Figure S4), suggesting a
complete loss of function. The ultra deep targeted se-
quencing of 19 additional samples reveals deleterious
mutations at Ser464 and Ser467 in two samples
(Additional file 3: Table S11a), suggesting that overall,
Smad2 activity is impaired in approximately 13% of
MNAs. Similarly, both TGFBR1/2 mutations are homo-
zygous and TGFBR1-S241L has been identified in inher-
ited diseases [27,28], suggesting a loss of function.
Therefore, our analysis indicates that 7/10 MNAs may
have impaired TGFβ signaling, a higher incidence than
that observed in non-hypermutated CRC (24%). Genes
in the Hippo pathway were also altered, affecting 4/10
MNAs through mutations in FAT4, FAT3, and DSCH1.
Hippo pathway inactivation has been observed in cancer
[29] including CRC in which both FAT4 and FAT2,
putative Hippo pathway receptors [30], are significantly
mutated in 24% of the cases [15]. FAT4 has been recently
established as a tumor suppressor [31], generally mutated
in less than 10% of epithelial cancers (Additional file 3:
Table S12). Our results therefore suggest that the inacti-
vation of genes in the Hippo pathway may contribute to
MNA development in ways similar to CRC. Genes
belonging to the Wnt pathway were mutated in 3/10
MNAs. Mutations in WNT7A and WNT10A are pre-
dicted to be deleterious (Additional file 3: Table S4)
while CTNNB1-D32N is known to affect the ubiquitina-
tion recognition motif of beta-catenin resulting in in-
creased protein stability [32]. This suggests that Wnt
activation may promote oncogenesis in a subset of MNAs,
despite the notable absence of APC alterations frequently
observed in CRC. Finally, we observed non-synonymous
mutations in other cancer-related genes such as ATR, TP53
(DNA repair), PIK3CA (Akt signaling), c-FOS (Immediate
early oncogene), GRIN2B/2C (Glutamate receptors) or
PKCB/D (PKC subunits). These results, together with
the recurrent mutated gene analysis (Table 1) suggest
that several pathways may contribute to MNA onco-
genesis. Importantly both mutations in DNA repair
pathway genes ATR and TP53 - with loss of heterozy-
gosity - were identified in the high-grade MCP sample
consistent with its higher mutation rate.

MNA molecular relationship to colorectal cancer
Since it was first described in 1842 by Rokitansky, the
site of origin and the underlying pathophysiology of tu-
mors that most commonly give rise to MCP and PMP
have been much debated. The disease classification has
proven difficult owing to the varying histologic appear-
ance and clinical behavior of MNA that metastasize to
the peritoneal surfaces [2]. We present for the first time,
a genome-wide mutational analysis of MCPs of appendiceal
origin, which provides the genetic basis of this unusual dis-
ease. Our analysis reveals some genetic similarities between
MNA and CRC, but many striking differences. Altered in
less than half of CRC, KRAS mutations are present in 90%
of MNAs. Other CRC-related genetic alterations include
frequent amplification at chromosome 1q and loss at the
1q36 locus. This result suggests that MCL1, located on
1q21 and recently reported as amplified in MCP of appen-
diceal origin [33], is part of larger chromosomal gain. Its
oncogenic role in MCP or MNA remains to be established.
Mutations in the Wnt pathway, common in CRC, are also
seen in MNA, but with the remarkable absence of APC
mutations. Similarly, TGFβ is impaired in two cases by the
SMAD2 mutations at Serine 465, never observed in CRC
[34]. Another striking difference between MNA and CRC is
the absence of TP53 mutations, except for a high-grade
sample, consistent with the association of high-grade hist-
ology with increased chromosomal instability. In comple-
ment to our study, we also ordered the clinical sequencing
of a 236-genes panel (Foundation One - Foundation Medi-
cine, Cambridge, MA, USA) for seven additional patients
diagnosed with high-grade MCP. The test includes genes
such as APC, TP53, KRAS, GNAS, CTNNB1, TGFBR2,
SMAD2, SMAD4, and PKAR1A. While no mutations were
reported in APC, SMAD2, CTNNB1, or PKAR1A, the
majority of patients carried mutations in KRAS (N = 4),
GNAS (N = 1), TP53 (N = 3), TGFBR2 (N = 1), and
SMAD4 (N = 1), thus showing consistency with our ini-
tial findings. One explanation for the lower fraction of
KRAS-mutated samples is the greater sensitivity of our
research assay, involving laser capture microdissection,
inclusion of a matched germline control and analytical
optimization for low cellularity specimen. Owing to the
rarity of MNA and the technical challenges with tissue
collection and sample preparation, our study was con-
ducted with a relatively limited number of samples and
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the investigation of additional samples will be important
to determine the potential role TGFβ and Wnt signaling
pathways in appendiceal tumorigenesis.

Perspective on Ras and PKA pathway crosstalk
In contrast to a previous report which lacked sensitivity
and did not assess downstream pathway activity [13],
our work formally establishes the universal activation of
the PKA pathway in most MNAs, most often through
activating mutations in GNAS. We observed that activat-
ing mutations in GNAS and KRAS co-exist in neoplasms
at high frequency only in MNAs and pancreatic IPMN
(Figure 4a). Interestingly, both IPMN and low-grade
MNA are benign tumors that share important common
clinico-pathologic characteristics such as slow-growth,
invasiveness, and high production of mucin. In addition,
when clinically localized to the organ of origin, they each
have a favorable prognosis when treated with surgical
resection. It is possible that the common clinico-
pathological features are the direct consequence of the
simultaneous activation of KRAS and GNAS within two
major signaling pathways (Ras-PI3K-Akt and cAMP-PKA).
The activation of these two pathways can be symbiotic and
sustain cell growth (Figure 4b). Indeed, although KRAS-
mutated cells are susceptible to apoptosis in low-glucose
Figure 4 Frequent and complex interplay between KRAS and GNAS in
is uncommon in neoplastic lesions. Bar graphs represent the frequency of
neoplasms reported in COSMIC (v63 database) or in IPMN [22] or MNA (this stu
Simplified representation of the cross-talk between Ras and PKA pathway and t
KRAS and GNAS can coordinately deregulate multiple oncogenic signalin
and progression of MNAs. Symbiotic (dark blue), synergistic (light blue),
and KRAS oncogenes, and possibly members of the TGFβ-SMAD pathwa
condition, this effect can be countered by high cAMP
levels, increasing proliferation [35]. In addition, GNAS-mu-
tated cells may not have proliferative advantage over nor-
mal cells [36] but are predicted to be more invasive by
triggering regulated exocytosis of multiple MMPs, VEGF
and mucins [37-40] and transcriptional upregulation of
MUC1 oncogene [41]. Thus, this suggests that each muta-
tion depends on the other to gain some advantageous
phenotype, balancing proliferation, and invasive capacity.
Additional interactions in the two pathways may explain
the relatively indolent course observed in both MNA and
IPMN. Indeed the Ras-PI3K-Akt pathway activates PDE4B,
a potent scavenger of cAMP [42], thus mitigating the effect
of GNASmutations located upstream in the pathway. Inter-
estingly, we found that a high-grade MCP lacking GNAS
mutations carries instead an activating mutation in PKA.
Such tumors would be insensitive to Ras-PI3K-Akt medi-
ated activation of PDE4B and degradation of cAMP. This
effect would allow the synergy between RAS and cAMP
pathways to impart a higher-grade histology. Furthermore,
cAMP is known to inhibit Ras-Raf-Erk signaling [43]. This
antagonism can be observed in our IHC experiment
(Figure 2) where 11/19 and 19/19 MNAs display activated
Erk and Akt, respectively, suggesting that the Ras- PI3K-
Akt pathway is more consistently activated than the Ras-
MNAs. (a) High frequency of co-existing KRAS and GNAS mutations
activating mutations in KRAS and GNAS oncogenes among various
dy). Only tissues with more than 10 evaluated samples are reported. (b)
he likely impact on MNA progression. Co-existing activating mutations in
g pathways (Wnt, hedgehog, and TGFβ-SMAD) triggering initiation
and antagonistic (dark red) signals triggered by mutations in GNAS
y may all contribute to the metastatic progression of MNA.



Alakus et al. Genome Medicine 2014, 6:43 Page 9 of 11
http://genomemedicine.com/content/6/5/43
Raf-Erk pathway. We identified additional potential cross-
talk between the two pathways, both synergetic and antag-
onistic (Figure 4b), suggesting areas of future investigation
to determine their importance in MNA etiology. The ab-
sence of recurrent GNAS mutations in high-grade tumors
also suggests that, in most cases, they do not progress from
a low-grade lesion. The only high grade MCP case also mu-
tated for GNAS showed additional low-grade lesions in dif-
ferent areas of the peritoneal cavity. The specimen studied
may have contained a portion of low grade MCP not seen
in the diagnostic section, or alternatively, both types of le-
sions may have a putative common origin in this patient.
The presence of KRAS alterations in both high-grade and
low-grade tumors suggests that the KRAS mutation occurs
earlier in the course of tumorigenesis. Finally, lesions ac-
quiring GNAS mutations seem to ultimately result in low-
grade tumors, while activation of the PKA signaling via
alternative mechanisms, accompanied by additional muta-
tions such as TP53, seems to be characteristic of high-grade
tumors.

Clinical implications
GNAS mutations have also been recently reported in
precancerous/benign lesions of the digestive tract: villous
adenomas in the stomach and in the colon [20,23].
Interestingly, villous architecture and high mucin secre-
tion are a common characteristic of these tumor types.
The malignant potential of villous adenomas of the ap-
pendix is well-documented and it is estimated that ap-
proximately 40% to 66% of non-invasive adenomas may
eventually transform into carcinoma in situ [44]. Thus,
it is tempting to speculate that MNAs may originate
from villous adenomas of the appendix. In contrast to
colorectal villous adenomas, mucin generated by MNA
would accumulate locally in the small lumen of the ap-
pendix, leading to rupture into the peritoneal cavity and
increased risk of MCP.
Our findings also have some immediate implications

for the management of patients with MCP secondary to
MNA that is not amenable to surgical cytoreduction.
KRAS testing done via CLIA approved methods has
yielded mutation rates in the range of 50% to 60%, con-
siderably lower than what we observed in this study. It is
not surprising that current diagnostic assays underesti-
mate the incidence of KRAS mutations given the hypo-
cellular nature of metastatic lesions from MCP. False
negative results have profound clinical implications as
many MNA patients are subject to therapy with EGFR
monoclonal antibodies which are ineffective and poten-
tially harmful in the presence of mutant KRAS. Our
findings also raise the potential for novel targeted ap-
proaches to MNA. The universal presence of oncogenic
KRAS mutations leading to phosphorylation of Erk, as
well as the fact that MEK-ERK signaling can activate
transcription of MUC2, suggests that MEK inhibitors
would be logical agents to explore in this disease. Simi-
larly, given the consistent activation of Akt in MNA,
targeting PI3K/AKT signaling may also have clinical
benefits [45]. Agents targeting the cAMP-PKA pathway
would also be sensible choices given the deregulation of
this pathway in nearly all samples. Given that the pro-
duction and secretion of mucin accounts for much of
the morbidity from this tumor type, even therapies that
act solely to reduce mucin production and secretion
alone could have profound clinical value. Finally, agents
targeting TGFβ and Wnt signaling may provide thera-
peutic opportunities in selected cases. The current lack
of suitable preclinical models of MNA make proof of
concept studies challenging, but the information gained
here may guide development of such models and en-
courage further research on MNAs.
Conclusions
The genome-wide mutational analysis of mucinous carcin-
omatosis peritonei of appendiceal origin reveals genetic
alterations distinct from colorectal cancer. Mutations in
both Ras and PKA pathways, which are tightly interacting,
are consistent with the unique pathophysiology of the dis-
ease: a slow progressing neoplasm accompanied by import-
ant secretion of mucin. Additionally, the lower prevalence
of GNAS mutations in high-grade lesions indicates that
they do not progress from low-grade. Finally, the very fre-
quent activation of Ras and PKA pathways, as well as spor-
adic alterations in TGFβ and Wnt signaling pathways
suggest, for the first time, that targeted therapies may have
important benefits for these patients, which are currently
primarily treated with surgery and chemotherapy.
Additional files

Additional file 1: Supplemental Figures S1 to S6.

Additional file 2: Supplemental Methods.

Additional file 3: Supplemental Tables S1 to S17.

Abbreviations
CRC: Colorectal cancer; FFPE: Formalin fixed paraffin embedded; FRR:
False recurrence rate; LAMN: Low-grade appendix mucinous neoplasm;
MCP: Mucinous carcinomatosis peritonei; MNA: Mucinous neoplasm of the
appendix; PMP: Pseudomyxoma peritonei.

Competing interests
MLS is an employee from RainDance Technologies. The remaining authors
declare that they have no competing interests.

Authors’ contributions
HA, MLB, KJ, YD, AA, and MLS generated the data. HA, SY, and OH analyzed
the data. HA, MLB, ESM, RBS, MRP, and AML collected and analyzed the
tissue specimen. HA, KAF, AML, and OH designed the study. HA, PG, KAF,
AML, and OH wrote the manuscript. All authors read and approved the final
manuscript.

http://www.biomedcentral.com/content/supplementary/gm559-S1.pdf
http://www.biomedcentral.com/content/supplementary/gm559-S2.docx
http://www.biomedcentral.com/content/supplementary/gm559-S3.xls


Alakus et al. Genome Medicine 2014, 6:43 Page 10 of 11
http://genomemedicine.com/content/6/5/43
Acknowledgments
We thank the many patients who consented to participate in this study
without which this work would not have been possible. We thank Randy
French, Dawn Jaquish, Jimmy Salinas, and Hiroko Matsui for technical
assistance. We are grateful to Drs. Joshua Fierer and Janet Lau for the use of
their Laser-Capture Microdissection Equipment. We thank Dr. P Fanta, Dr. M
Choueiri, JP Shen, and Foundation Medicine for sharing the clinical assay
results. This work was supported by grants from the National Cancer Institute
(R21CA155615 and R21CA152613) to OH and KAF, from the National Center
for Advancing Translational Research (UL1RR031980) to Dr. Gary Firestein,
from the PMP Research Foundation via the National Organization of Rare
Diseases to AML, from the UC San Diego School of Medicine Academic
Senate to KAF, and by the Moores Cancer Clinical Translational Pilot Award
via the National Cancer Institute CCT (P30CA023100) to OH and AML. HA is
supported by a grant from the German Cancer Aid (#109790). MB was supported
by a fellowship from the National Cancer Institute (T32-CA121938).

Author details
1Division of Genome Information Sciences, Department of Pediatrics and
Rady Children’s Hospital, University of California San Diego, La Jolla, CA, USA.
2Division of Surgical Oncology, Department of Surgery, University of
California San Diego, La Jolla, CA, USA. 3Department of Medicine, University
of California San Diego, La Jolla, CA, USA. 4Bioinformatics Graduate Program,
University of California San Diego, La Jolla, CA, USA. 5Moores UCSD Cancer
Center, University of California San Diego, La Jolla, CA, USA. 6Department of
Pathology, University of California San Diego, La Jolla, CA, USA. 7Clinical and
Translational Science Institute, University of California San Diego, La Jolla, CA,
USA. 8Institute for Genomic Medicine, University of California San Diego, La
Jolla, CA, USA. 9RainDance Technologies, Lexington, MA, USA. 10Department
of General, Visceral and Cancer Surgery, University of Cologne, Köln,
Germany.

Received: 2 November 2013 Accepted: 23 May 2014
Published: 29 May 2014

References
1. McCusker ME, Cote TR, Clegg LX, Sobin LH: Primary malignant neoplasms

of the appendix: a population-based study from the surveillance,
epidemiology and end-results program, 1973-1998. Cancer 2002,
94:3307–3312.

2. Misdraji J, Yantiss RK, Graeme-Cook FM, Balis UJ, Young RH: Appendiceal
mucinous neoplasms: a clinicopathologic analysis of 107 cases. Am J Surg
Pathol 2003, 27:1089–1103.

3. Fraenkel E: Ueber das Sogenannte Pseudomyxoma Peritonei. München
med Wchnschr 1901, 48:965–970.

4. Ronnett BM, Kurman RJ, Zahn CM, Shmookler BM, Jablonski KA, Kass ME,
Sugarbaker PH: Pseudomyxoma peritonei in women: a clinicopathologic
analysis of 30 cases with emphasis on site of origin, prognosis, and
relationship to ovarian mucinous tumors of low malignant potential.
Hum Pathol 1995, 26:509–524.

5. Szych C, Staebler A, Connolly DC, Wu R, Cho KR, Ronnett BM: Molecular
genetic evidence supporting the clonality and appendiceal origin of
Pseudomyxoma peritonei in women. Am J Pathol 1999, 154:1849–1855.

6. Misdraji J: Appendiceal mucinous neoplasms: controversial issues.
Arch Pathol Lab Med 2010, 134:864–870.

7. Kabbani W, Houlihan PS, Luthra R, Hamilton SR, Rashid A: Mucinous and
nonmucinous appendiceal adenocarcinomas: different
clinicopathological features but similar genetic alterations. Mod Pathol
2002, 15:599–605.

8. Zauber P, Berman E, Marotta S, Sabbath-Solitare M, Bishop T: Ki-ras gene
mutations are invariably present in low-grade mucinous tumors of the
vermiform appendix. Scand J Gastroenterol 2011, 46:869–874.

9. Austin F, Mavanur A, Sathaiah M, Steel J, Lenzner D, Ramalingam L,
Holtzman M, Ahrendt S, Pingpank J, Zeh H, Bartlett D, Choudry H:
Aggressive management of peritoneal carcinomatosis from mucinous
appendiceal neoplasms. Ann Surg Oncol 2012, 19:1386–1393.

10. Shetty S, Thomas P, Ramanan B, Sharma P, Govindarajan V, Loggie B:
Kras mutations and p53 overexpression in pseudomyxoma peritonei:
association with phenotype and prognosis. J Surg Res 2013, 180:97–103.

11. Shih IM, Yan H, Speyrer D, Shmookler BM, Sugarbaker PH, Ronnett BM:
Molecular genetic analysis of appendiceal mucinous adenomas in
identical twins, including one with pseudomyxoma peritonei. Am J Surg
Pathol 2001, 25:1095–1099.

12. Chuaqui RF, Zhuang Z, Emmert-Buck MR, Bryant BR, Nogales F, Tavassoli FA,
Merino MJ: Genetic analysis of synchronous mucinous tumors of the
ovary and appendix. Hum Pathol 1996, 27:165–171.

13. Nishikawa G, Sekine S, Ogawa R, Matsubara A, Mori T, Taniguchi H, Kushima R,
Hiraoka N, Tsuta K, Tsuda H, Kanai Y: Frequent GNAS mutations in low-grade
appendiceal mucinous neoplasms. Br J Cancer 2013, 108:951–958.

14. Sjöblom T, Jones S, Wood LD, Parsons DW, Lin J, Barber TD, Mandelker D,
Leary RJ, Ptak J, Silliman N, Szabo S, Buckhaults P, Farrell C, Meeh P,
Markowitz SD, Willis J, Dawson D, Willson JKV, Gazdar AF, Hartigan J, Wu L,
Liu C, Parmigiani G, Park BH, Bachman KE, Papadopoulos N, Vogelstein B,
Kinzler KW, Velculescu VE: The consensus coding sequences of human
breast and colorectal cancers. Science 2006, 314:268–274.

15. The Cancer Genome Atlas Network T: Comprehensive molecular
characterization of human colon and rectal cancer. Nature 2012,
487:330–337.

16. The spectra of somatic mutations across many tumor types. [http://www.
genome.gov/27546242]

17. Janakiraman M, Vakiani E, Zeng Z, Pratilas CA, Taylor BS, Chitale D, Halilovic
E, Wilson M, Huberman K, Ricarte Filho JC, Persaud Y, Levine DA, Fagin JA,
Jhanwar SC, Mariadason JM, Lash A, Ladanyi M, Saltz LB, Heguy A, Paty PB,
Solit DB: Genomic and biological characterization of exon 4 KRAS
mutations in human cancer. Cancer Res 2010, 70:5901–5911.

18. Improta G, Zupa A, Possidente L, Tartarone A, Pedicini P, Nappi A, Molinari
S, Fraggetta F, Vita G: Coexistence of two different mutations in codon 12
of the Kras gene in colorectal cancer: Report of a case supporting the
concept of tumoral heterogeneity. Oncol Lett 2013, 5:1741–1743.

19. Lyons J, Landis CA, Harsh G, Vallar L, Grünewald K, Feichtinger H, Duh Q-Y,
Clark OH, Kawasaki E, Bourne HR, McCormick F: Two G protein oncogenes
in human endocrine tumors. Science 1990, 249:655–659.

20. Yamada M, Sekine S, Ogawa R, Taniguchi H, Kushima R, Tsuda H, Kanai Y:
Frequent activating GNAS mutations in villous adenoma of the
colorectum. J Pathol 2012, 228:113–118.

21. Idziaszczyk S, Wilson CH, Smith CG, Adams DJ, Cheadle JP: Analysis of the
frequency of GNAS codon 201 mutations in advanced colorectal cancer.
Cancer Genet Cytogenet 2010, 202:67–69.

22. Wu J, Matthaei H, Maitra A, Dal Molin M, Wood LD, Eshleman JR, Goggins
M, Canto MI, Schulick RD, Edil BH, Wolfgang CL, Klein AP, Diaz LA, Allen PJ,
Schmidt CM, Kinzler KW, Papadopoulos N, Hruban RH, Vogelstein B:
Recurrent GNAS mutations define an unexpected pathway for
pancreatic cyst development. Sci Transl Med 2011, 3:92ra66.

23. Matsubara A, Sekine S, Kushima R, Ogawa R, Taniguchi H, Tsuda H, Kanai Y:
Frequent GNAS and KRAS mutations in pyloric gland adenoma of the
stomach and duodenum. J Pathol 2013, 229:579–587.

24. Weinstein LS, Yu S, Warner DR, Liu J: Endocrine manifestations of
stimulatory G protein alpha-subunit mutations and the role of genomic
imprinting. Endocr Rev 2001, 22:675–705.

25. Orellana SA, McKnight GS: Mutations in the catalytic subunit of
cAMP-dependent protein kinase result in unregulated biological
activity. Proc Natl Acad Sci U S A 1992, 89:4726–4730.

26. Abdollah S, Macías-Silva M, Tsukazaki T, Hayashi H, Attisano L, Wrana JL:
TbetaRI phosphorylation of Smad2 on Ser465 and Ser467 is required
for Smad2-Smad4 complex formation and signaling. J Biol Chem 1997,
272:27678–27685.

27. Mátyás G, Arnold E, Carrel T, Baumgartner D, Boileau C, Berger W,
Steinmann B: Identification and in silico analyses of novel TGFBR1 and
TGFBR2 mutations in Marfan syndrome-related disorders. Hum Mutat
2006, 27:760–769.

28. Loeys BL, Schwarze U, Holm T, Callewaert BL, Thomas GH, Pannu H,
De Backer JF, Oswald GL, Symoens S, Manouvrier S, Roberts AE, Faravelli F,
Greco MA, Pyeritz RE, Milewicz DM, Coucke PJ, Cameron DE, Braverman AC,
Byers PH, De Paepe AM, Dietz HC: Aneurysm syndromes caused by
mutations in the TGF-beta receptor. N Engl J Med 2006, 355:788–798.

29. Zhao B, Li L, Lei Q, Guan K-L: The Hippo–YAP pathway in organ size control
and tumorigenesis: an updated version. Genes Dev 2010, 24:862–874.

30. Harvey K, Tapon N: The Salvador-Warts-Hippo pathway - an emerging
tumour-suppressor network. Nat Rev Cancer 2007, 7:182–191.

31. Zang ZJ, Cutcutache I, Poon SL, Zhang SL, McPherson JR, Tao J, Rajasegaran V,
Heng HL, Deng N, Gan A, Lim KH, Ong CK, Huang D, Chin SY, Tan IB, Ng CCY,
Yu W, Wu Y, Lee M, Wu J, Poh D, Wan WK, Rha SY, So J, Salto-Tellez M, Yeoh KG,

http://www.genome.gov/27546242
http://www.genome.gov/27546242


Alakus et al. Genome Medicine 2014, 6:43 Page 11 of 11
http://genomemedicine.com/content/6/5/43
Wong WK, Zhu Y-J, Futreal PA, Pang B, et al: Exome sequencing of gastric
adenocarcinoma identifies recurrent somatic mutations in cell adhesion and
chromatin remodeling genes. Nat Genet 2012, 44:570–574.

32. Al-Fageeh M, Li Q, Dashwood WM, Myzak MC, Dashwood RH: Phosphorylation
and ubiquitination of oncogenic mutants of beta-catenin containing
substitutions at Asp32. Oncogene 2004, 23:4839–4846.

33. Sio TT, Mansfield AS, Grotz TE, Graham RP, Molina JR, Que FG, Miller RC:
Concurrent MCL1 and JUN amplification in pseudomyxoma peritonei:
a comprehensive genetic profiling and survival analysis. J Hum Genet
2013, 59:124–128.

34. Forbes SA, Bhamra G, Bamford S, Dawson E, Kok C, Clements J, Menzies A,
Teague JW, Futreal PA, Stratton MR: The Catalogue of Somatic Mutations in
Cancer (COSMIC). Curr Protoc Hum Genet 2008, Chapter 10:Unit 10–Unit 11.

35. Palorini R, De Rasmo D, Gaviraghi M, Danna LS, Signorile A, Cirulli C,
Chiaradonna F, Alberghina L, Papa S: Oncogenic K-ras expression is
associated with derangement of the cAMP/PKA pathway and
forskolin-reversible alterations of mitochondrial dynamics and
respiration. Oncogene 2013, 32:352–362.

36. Beas AO, Taupin V, Teodorof C, Nguyen LT, Garcia-Marcos M, Farquhar MG:
Gαs promotes EEA1 endosome maturation and shuts down proliferative
signaling through interaction with GIV (Girdin). Mol Biol Cell 2012,
23:4623–4634.

37. Bradbury NA: Protein kinase-A-mediated secretion of mucin from human
colonic epithelial cells. J Cell Physiol 2000, 185:408–415.

38. Ernens I, Rouy D, Velot E, Devaux Y, Wagner DR: Adenosine inhibits matrix
metalloproteinase-9 secretion by neutrophils: implication of A2a
receptor and cAMP/PKA/Ca2+ pathway. Circ Res 2006, 99:590–597.

39. Wang X, Klein RD: Prostaglandin E2 induces vascular endothelial growth
factor secretion in prostate cancer cells through EP2 receptor-mediated
cAMP pathway. Mol Carcinog 2007, 46:912–923.

40. Jarry A, Merlin D, Hopfer U, Laboisse CL: Cyclic AMP-induced mucin
exocytosis is independent of Cl- movements in human colonic epithelial
cells (HT29-Cl.16E). Biochem J 1994, 304:675–678.

41. Bafna S, Kaur S, Batra SK: Membrane-bound mucins: the mechanistic basis
for alterations in the growth and survival of cancer cells. Oncogene 2010,
29:2893–2904.

42. Baillie GS, MacKenzie SJ, McPhee I, Houslay MD: Sub-family selective
actions in the ability of Erk2 MAP kinase to phosphorylate and regulate
the activity of PDE4 cyclic AMP-specific phosphodiesterases. Br J
Pharmacol 2000, 131:811–819.

43. Cook SJ, McCormick F: Inhibition by cAMP of Ras-dependent activation of
Raf. Sci 1993, 262:1069–1072.

44. Jafari N, Christ M, Menaker GJ, Sheridan JT: Villous adenoma of appendix–report
of a case and review of the literature. Am J Proctol Gastroenterol Colon Rectal
Surg 1979, 30:30–32.

45. Kim D-D, Eng C: The promise of mTOR inhibitors in the treatment of
colorectal cancer. Expert Opin Investig Drugs 2012, 21:1775–1788.

doi:10.1186/gm559
Cite this article as: Alakus et al.: Genome-wide mutational landscape of
mucinous carcinomatosis peritonei of appendiceal origin. Genome
Medicine 2014 6:43.
Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit


	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Specimens
	Sequencing
	Immunohistochemistry

	Results and discussion
	Global mutational landscape
	GNAS and KRAS mutations in low-grade MCP
	PKA activity in high-grade MCP
	Additional mutated cancer genes
	MNA molecular relationship to colorectal cancer
	Perspective on Ras and PKA pathway crosstalk
	Clinical implications

	Conclusions
	Additional files
	Abbreviations
	Competing interests
	Authors’ contributions
	Acknowledgments
	Author details
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /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 true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /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 true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /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 <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (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 true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.440 793.440]
>> setpagedevice




