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Ependymomas are rare brain tumors that can occur in both children and adults.
Subdivided by the tumors’ initial location, ependymomas develop in the central
nervous system in the supratentorial or infratentorial/posterior fossa region, or
the spinal cord. Supratentorial ependymomas (ST-EPNs) are predominantly
characterized by common driver gene fusions such as ZFTA and YAPI fusions.
Some variants of ST-EPNs carry a high overall survival rate. In poorly responding
ST-EPN variants, high levels of inter- and intratumoral heterogeneity, limited
therapeutic strategies, and tumor recurrence are among the reasons for poor
patient outcomes with other ST-EPN subtypes. Thus, modeling these molecular
profiles is key in further studying tumorigenesis. Due to the scarcity of patient
samples, the development of preclinical in vitro and in vivo models that
recapitulate patient tumors is imperative when testing therapeutic approaches
for this rare cancer. In this review, we will survey ST-EPN modeling systems,
addressing the strengths and limitations, application for therapeutic targeting,
and current literature findings.
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Introduction

In rare cancers where there is a limited human population for clinical trials, the usage of
appropriate preclinical models is generally imperative in the development and testing of
therapeutic approaches to advance treatment. This is especially prevalent in brain cancers,
with dismal fatality rates and variable resistance to common clinical strategies.
Supratentorial ependymomas (ST-EPNs) are a relatively rare subgroup of ependymomas
(EPNs). Only a few ST-EPN patient case reports exist, and this clinical subtype has been
difficult to diagnose before the routine inclusion of clinical molecular sequencing methods
(1). Due to low incidence, clinical management and therapeutic protocols of this disease
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have often been debated and controversial. In this review, both in
vitro and in vivo models of ST-EPNs will be discussed. Key
advantages and limitations will be addressed for each modeling
system as well as current advances in the understanding of this rare
tumor type.

Supratentorial ependymomas

EPNs are rare tumors of the central nervous system (CNS),
occurring in both pediatric and adult patients. General standard of
care for EPN patients includes maximal surgical resection and
adjuvant radiotherapy, depending on age and location (2).
Chemotherapeutic application has been controversial, and clinical
benefits have been questioned largely due to chemoresistance (3, 4).
EPNs are stratified into subgroups determined by tumor location:
supratentorial (ST), infratentorial/posterior fossa (PF), and spinal
ependymoma (SP) (5, 6). Molecular analysis suggests genetic
profiles that are distinct to each of these compartments.

ST-EPN tumors are largely classified as either ST-EPN-ZFTA
fusion-positive (zinc finger translocation associated, previously
known as CII10rf95) or ST-EPN-YAPI fusion-positive (yes
associated protein 1) (7); classification of these two subgroups are
summarized in Table 1. The most significant pathogenic fusion
ZFTA-RELA (v-rel avian reticuloendotheliosis viral oncogene
homolog A), found in more than 70% of ST-EPN tumors, results
from a chromothriptic event on chromosome 11q13.1. Together,
the ZFTA-RELA fusion protein activates NF-kB signaling and is
highly tumorigenic (8). ST-EPN-ZFTA fusion-positive tumors are
one of the most aggressive classes of tumors and have a 5-year
progression-free survival of <30% (7). Studies have identified non-
RELA ZFTA fusion ST-EPN tumors such as ZFTA-MAML2 and
ZFTA-NCOA1/2; these are rare cases and have worse patient
outcomes (9). The less common driver gene fusion subgroup
includes YAPI, a transcriptional cofactor regulating proliferation
and maintaining stem cells. Known fusion of YAPI with the
mastermind-like domain-containing protein 1 (MAMLDI) has
been shown to disrupt Hippo signaling and promote
tumorigenesis (10, 11). ST-EPN-YAPI fusion-positive patients
have been shown to have a better prognosis with a 5-year
progression-free survival of 66% (7). Despite recent work that
expands on knowledge of driver-fusions in ST-EPN subgroups, a
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better understanding of the subgroup characteristics is needed to
develop new targeted therapies. This requires proper modeling
systems that recapitulate the tumors found in human patients.

In vitro modeling

In vitro models allow for the characterization of tumor cells on
transcriptomic, genetic, and epigenomic levels, giving insight into
tumor cell progression and potential molecular targets. In addition,
they provide a controlled the environment to test pharmacological
efficacy and perform drug screenings. Due to limited human tumor
samples, preclinical in vitro and in vivo models of ST-EPNs have
been restricted, highlighting the utility of ependymoma cancer cell
lines. Prior works have established primary short-term and long-
term cell lines derived from ST-EPN patient samples that can be
cultured as adherent or neurosphere cultures (12-15). Utilizing
these cell lines has uncovered transcriptional signatures and cellular
programs that function in tumor aggressiveness (16).

2D adherent cultures

Overcoming past hurdles of short cell lifespans and slow-
growing cultures, the successful establishment of ST-EPN
permanent cell lines has been reported in the literature. One of
the earliest reported lines was published by Yu et al., establishing the
ST-EPN ZFTA-RELA line BXD-1425EPN (12). This line was
derived from xenograft EPN tumors that were digested and
cultured. Investigators cited the usage of tumor samples that were
initially growing in vivo in mouse brains to allow for rigorous
selection and improve cell culture viability (12). BXD-1425EPN
successfully grew as a monolayer culture, could be serially passaged
and transplanted orthotopically to form tumors (12). This line is
frequently utilized in publications and has aided in understanding
the mechanisms of tumorigenesis and therapeutic response. As
shown in de Almeida Magalhdes et al,, investigators describe a
mechanism of therapeutic resistance to Hedgehog (Hh) pathway
inhibitors, mediated by cilia loss in ST-EPN ZFTA-RELA cells (16).
Here, they observed that recovery of cilia in the tumor cells by
treatment with an Aurora kinase A (AURKA) inhibitor improves
response to Hh inhibitors promoting tumor cell death (16). These
results uncover a targetable pathway of resistance and suggest a
novel combinatorial therapeutic approach for EPN.

TABLE 1 Molecular subgroups of ST-EPN with associated fusions, WHO grading, demographic, and clinical outcome.

Subgroup Recurrent Fusion
ST-EPN-ZFTA fusion-positive ZFTA-RELA*
ZFTA-YAPI

ZFTA-MAMLDI
ZFTA-NCOA1/2

ST-EPN-YAP1 fusion-positive YAPI-MAMLDI1*

YAPI-FAM118B

WHO Grade Age Group Outcome
/111 Children Poor
Adults
1/111 Children Good

*ST-EPN fusion better characterized in the literature.
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Since the early advent of available ST-EPN cell lines such as
BXD-1425EPN, protocols have been modified to directly culture
primary human EPN tumor samples as adherent monolayers
without the need for initial xenograft transplants (13, 17).

In addition to primary patient tumor cell lines, other adherent
cultures have been used to further understand tumorigenesis. Cell
of origin for ST-EPNs has been hypothesized to originate from
neural stem cells (NSCs) or radial glia-like cells (18, 19), and a
deeper mechanistic understanding of how ST-EPN fusions
transform these cells and drive tumor formation can give insight
into potential therapeutic targets. Kupp et al. transduced mouse
NSCs and human embryonic kidney 293 cells (HEK293T) with
ZFTA fusion proteins to investigate transformation (20). In this
study, they confirmed the role that ZFTA fusions have in nuclear
translocation, chromatin modification, and promiscuous expression
(20). ZETA-RELA™ proteins were found to translocate to the
nucleus and upregulate ZFTA™S signature genes such as the EPN
oncogene EPHB2 and zinc finger protein GLI2 in cultures (20).
Through chromatin immunoprecipitation sequencing, ZFTA was
found to be responsible for genome binding (20). ZFTA-RELAFYS
binding sites included ZFTA""S signature genes EPHB2, GLI2, and
LICAM (20). The LICAM gene has been used as a diagnostic
marker for ST-EPN ZFTA fusion-positive tumors (21) and may
serve as a therapeutic target to inhibit in future studies.
Additionally, the SWI/SNF, SAGA, and NuA4/TIP60 protein
complexes responsible for chromatin remodeling and activation
were recruited in ZFTA-RELATYS cells (20). Together, these data
reveal mechanisms of ZFTA-RELA-dependent transformation and
identify therapeutic targets to perturb ZFTA-RELA-driven
transcription to mitigate downstream tumor progression.

3D neurosphere cultures

ST-EPN patient cancer cell lines have been shown to grow reliably
in neurosphere cultures—perhaps due to their intrinsic proclivity to
form rosette-like structures in vivo. Milde et al. generated the
neurosphere culture line DKFZ-EPINS from a patient with WHO
grade III ST-EPN and investigated the response to therapeutic agents
(14). The DKFZ-EPINS cells treated with the common
chemotherapeutics vincristine, cisplatin, and temozolomide alone in
culture did not significantly reduce cell viability measured by metabolic
activity (14). However, investigators observed a significant decrease in
metabolic activity in ST-EPN neurosphere cultures in response to
histone deacetylase inhibitors (HDACI), highlighting the potential use
of epigenetic modifiers such as HDACi in ependymoma treatments
(14). The utility of HDACs was similarly found in Antonelli et al. (22),
where they have been further investigated as potential biomarkers in
cancers. One such member HDAC4 was identified to be overexpressed
in ST-EPN-ZFTA fusion-positive patient samples and correlated with
worse outcomes and low levels of NK cells (23), identifying HDAC4 as
a prognostic biomarker and future potential therapeutic target.

3D culturing allows for various benefits including the ability to
maintain a self-renewing population of cancer stem cells (CSCs).
CSCs have been identified as a source of tumor progression and
resistance to treatment, proving to be an attractive model when
investigating therapeutic efficacy and drug targeting (13, 14).
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ZFTA-RELA fusion tumors have been shown to strongly express
the neural stem/progenitor gene nestin, which was associated with
worse patient outcomes, suggesting a functional role of stem
populations in tumor progression and prognosis (18). Sabnis
et al. identified a subpopulation of BLBP-expressing CSCs in
pediatric EPN patients, that correlated with increased
susceptibility to relapse or death (24). In this study, they
investigated the ability to target and inhibit BLBP by PPAR
(peroxisome proliferator-activated receptors) antagonists, utilizing
the BLBP high expressed ST-EPN neurosphere cell line DKFZ-
EPINS (24). Investigators treated the ST-EPN spheres with PPAR
antagonists and observed both a significant reduction of BLBP
expression as well as reduced cell viability and migration,
highlighting CSCs and its subsets as potential therapeutic targets
to reduce tumor invasion and progression (24).

In vitro limitations

Even though several in vitro models have been established to
further investigate ST-EPN, there are significant limitations. Long-term
culturing and passaging of human cancer cell lines increase the
potential for selective and progressive changes both genetically and
phenotypically (25, 26). Torsvik et al. identified an accumulation of
genetic changes that are indicative of genetic drift in long-term passages
of a commonly used glioblastoma (GBM) cell line (27). Investigators
observed loss of the typical human GBM DNA copy number profile,
identifying gains and losses of loci, causing divergence from the original
cell line. In addition, these cultures morphologically differed and were
observed to have an increased rate of cell growth both in vitro and in
vivo (27). Together, these observations highlight critical changes in
cultured cancer cell lines that may alter results such as response to
therapeutic intervention. Another key limitation is that in vitro
modeling systems do not fully capture the complexity of the tumor
microenvironment, such as the high levels of intratumoral
heterogeneity (28) and the cell-to-cell interactions in a living system.
3D culture systems have been used to mitigate some of these limitations
and better model the tumor vasculature (29, 30); however, there is still a
need to model the complete microenvironment including the brain’s
immune compartment.

In vivo modeling

In vitro models have significant limitations when modeling the
complex and heterogeneous tumor microenvironment and natural
innate and adaptive immune responses. Due to this, results found in
in vitro systems have not always translated well to clinical
application. In addition, aspects such as how ZFTA and YAPI
fusions function in tumor initiation and formation cannot be fully
elucidated with in vitro models alone. To address these
shortcomings, various in vivo models have been established and
will be discussed in this section.

Patient-derived orthotopic xenograft models
Patient-derived xenograft (PDX) models can be generated from
transplanting cultured human tumor spheroids or primary human
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tumor samples into immunocompromised animal recipients.
Directly transplanting primary tumor samples bypasses time in
culture, which may aid in preserving components of the tumor and
reduce genetic alterations. Heterotopic transplantations are
performed via subcutaneous injections of tumor cells.
Subcutaneous tumors allow for ease of transplantation and
monitoring; however, they lack the original tumor environment.
Patient-derived orthotopic xenografts (PDOXs) may serve better
for translation applicability due to transplantation in the same
region where the sample originated, recapitulating the
microenvironment more closely. Regional differences in tumor
gene expression have been identified, which highlights the
importance of the location of tumor seeding (31, 32).

Recent studies have worked to establish and characterize both
PDX and PDOX ST-EPN models in mice (12, 15, 33, 34). Brabetz
et al. established a biobank of 30 characterized brain tumor PDOX
models in NOD-scid IL2R-gamma (NSG) mice, 3 of which were
from EPN patients and 1/3 belonging to the ST-EPN ZFTA-RELA
group (33). Histology of the EPN PDOX models identified pseudo-
rosette structures similar to human patient histology (33). Whole-
exome and whole-genome sequencing was performed, identifying
the presence of ZFTA-RELA fusion in the PDOX samples, as well as
the loss of CDKN2A/B, commonly found in the ZFTA-RELA fusion
subgroup (33). In addition, DNA methylation levels were found to
be similar between the human tumor samples and PDOX models
(33). Together, the robust histological and genetic characterization
of the PDOX models confirmed similarity to the original human
tumors (33). With stable PDOX lines that maintain key tumoral
features in vivo, future work in testing therapeutic responses can be
more faithfully observed.

A major disadvantage to the PDX/PDOX modeling system
includes potential clonal selection in vivo, where outgrowth of an
aggressive clone can alter tumor progression and potential
therapeutic response. An additional disadvantage includes a low
percentage of successful engraftment. Brabetz et al. reported
orthotopically transplanting 100 patient tumor samples, with only
30 of those successfully engrafted and passaged subsequently, with
similar efficiencies observed by others (35).

A final key disadvantage to this modeling system
includes the necessity of transplanting human tumor cells into
immunocompromised mice. There has been a growing appreciation
of the immune composition in the tumor microenvironment in
tumorigenesis and response to therapeutic targeting (36, 37).
Utilizing mice with severe immunodeficiencies lack integral
cellular populations that may influence tumor progression and
therapeutic responses.

RCAS/tv-a system

Replication-competent ASLV long terminal repeat (LTR) with a
splice acceptor (RCAS) vectors are a part of the avian sarcoma
leukosis virus A (ASLV) subgroup of retroviruses, utilized for its
gene delivery system. The RCAS virus enters cells via the TV-A
receptor protein, typically found on avian cells, and incorporates
viral DNA into the host genome. Since the TV-A protein is not
normally expressed by mammalian cells, it can be cloned into cells

Frontiers in Oncology

10.3389/fonc.2024.1360358

under tissue-specific promoters. The RCAS system has been utilized
for tumor modeling by introducing oncogenes of interest into cells,
driving tumorigenesis in vivo.

Prior work has shown expression of the common ST-EPN
ZFTA-RELA fusion-activated NF-xB signaling and transformed
mouse embryonic NSCs ex vivo (8). Based on this, Ozawa et al.
utilized the virus-based RCAS/tv-a system to deliver the human
ZFTA-RELA fusion gene expression into cells in mouse brains to
investigate the ability to form an ependymoma (38). Specified cell
types such as Nestin+ cells, GFAP+ cells, and BLBP+ cells were
targeted by using transgenic tv-a mouse strains. Investigators found
expressing the ZFTA-RELA fusion (RELA™"S") in vivo via the RCAS
system upregulated NF-kB-associated transcriptional programs and
drove tumor formation, characteristic of EPNs in humans. In
addition, they identified noncanonical NF-xB transcriptional
programs in the ZFTA-RELA-driven tumors, such as
dysregulation in genes involved in cell-to-cell adhesion, vesicular
transport, and immune processes/inflammation. Similar
dysregulation has been observed in non-ZFTA-RELA EPN
tumors as well as other cancers, highlighting the importance of
non-NF-xB-related programs in cellular transformation. This set of
genes can be further used to investigate new potential targets to
abrogate transformation.

One of the limitations of using the RCAS/tv-a system when
modeling tumors in vivo includes the necessity of a TVA transgenic
mouse line, as normal mammalian cells do not express the required
TVA receptor that is required for RCAS virus infection. Generation
of these transgenic mouse lines can be time-consuming and
expensive. Another key limitation of the RCAS/tv-a system
includes the limited carrying capacity of the RCAS virus along
with intrinsic bottlenecks on infected cell types due to the viral
properties and TVA receptor expression in vivo (39). This largely
can limit the oncogenes that can be studied as well as the potential
for successful tumor formation. Lastly, the RCAS/tv-a system relies
on the usage of viruses (and often the transplant of 10°~10° chicken
DF-1 viral propagating cells), which may induce an immune
reaction in the host (38, 40, 41). Aberrant immune activity could
confound results, especially when observing therapeutic responses,
making it difficult to distinguish what is true biology and what is an
artifact of viral induction.

Transposon-based system

Transposons are genetic elements that shift and integrate their
position from one location to another within the genome.
Transposable elements can be engineered and utilized for genetic
modification such as inactivating or expressing genes of interest
(42). Non-autonomous DNA transposons allow for direct insertion
of genetic material via transposase activity. Commonly used
transposon systems for mammals include Tol2, Sleeping Beauty
(SB), and piggyBac (pB) (43). These systems allow for integration of
designed genetic material of interest into the host genome.

Pajtler et al. describe the usage of the Tol2 transposon system to
mediate gene transfer to model ST-EPN-YAP1 and investigate the
role of YAPI fusion in tumorigenesis (10). In this study, they
developed a human YAPI-MAMLDI-driven ST-EPN-YAPI
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mouse model, where the fusion was encoded in a pT2K expression
plasmid along with Tol2 transposase and luciferase under the
constitutively active CAG promoter. This plasmid was then
injected into the lateral ventricle of E13.5 embryos, followed by
electric pulses delivered by electrode paddles for an in utero
electroporation. Post electroporation, they observed an increase of
luciferase in the brain over time, leading to 100% penetrant tumor
formation. In addition to tumor formation, they observed
molecular characteristics of the YAPI-MAMLDI-driven tumor
such as high expression of the radial glial neural stem cell marker
PAX6, suggesting a transforming role of PAX6+ cells in ST-EPN-
YAPI. Investigators identified key molecular mechanisms such as a
requirement of both the Hippo pathway regulator YAPI and the
mastermind-like protein MAMLDI for nuclear transport.
Downstream of this, TEAD and NFI binding motifs were found
to interact with the YAPI-MAMLDI fusion, further uncovering this
tumorigenic pathway (10). Current work is investigating the
potential for the use of inhibitors blocking the interaction of YAP
and TEAD which could be a possible target in the ST-EPN-YAPI
subtype (44).

Similarly, Arabzade et al. utilized the pB transposon-based
system with in utero electroporation to model the ZFTA-RELA
fusion in vivo (45). The authors observed nuclear localization of the
ZFTA-RELA fusion and histological features of ependymoma in
mice that succumbed to tumor formation around 60 days post-
birth. In this study, they performed ChIP-seq and CUT&RUN on
the ZFTA-RELA fusion tumor cells. Through chromatin profiling,
they found that the ZFTA-RELA fusion bound to active oncogenic
enhancer and promoter regions such as Ephb2, Ccndl, Aktl, and
Notchl, identifying transcriptional programs altered by ZFTA-
RELA fusion (45). Both studies have revealed key molecular
functions of ST-EPN fusions and how they function in forming
tumors in the brain (44, 45). Moving forward with this, these
molecular targets can be further studied as potential
therapeutic targets.

DNA transposons have addressed some limitations of viral-
based systems; however, this approach has intrinsic drawbacks. A
main limitation is that the transposon systems can target minimal
consensus sites across the genome and will continue to “hop in and
hop out” of the genome in the presence of the transposase, causing
insertional mutagenesis, inconsistencies in phenotypes, and other
related issues. In addition to the variability in transgene copy
number, the transgene load can range from highly
supraphysiological to minimal and silenced by epigenetic
modifiers (46). However, given the “goldilocks” zone of
expression found in other oncofusion-driven tumors (47), this
may be advantageous in certain circumstances, as tumors would
presumably only be selected for in the appropriate expression range.
This, however, remains to be empirically determined.

Cre-LoxP Systems-Germline and Somatic

The Cre-LoxP system has been widely used for its utility in
genetic editing. This system works by which Cre recombinase
recognizes and recombines with a pair of loxP sites located in the
genome. Cre then excises the DNA fragment flanked between the
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loxP sequences, allowing for site-specific gene excision and
inactivation (48). Tissue/cell-specific Cre-LoxP excision can be
achieved by producing a Cre-driver strain expressed under
promoter regions of interest (49). Temporal excision can be
achieved by using the tamoxifen- or tetracycline-inducible Cre
system. The tamoxifen-inducible Cre system is achieved with a
modified Cre that is fused with the estrogen receptor (CreERT) and
binds to HSP90 in the cytoplasm. Upon the presence of tamoxifen,
CreERT unbinds from HSP90 and allows for nuclear translocation,
where Cre-LoxP excision can occur (50). The tetracycline-inducible
Cre system can be amenable to a Tet-on or Tet-off system, where
Cre expression is either activated or inactivated in the presence
of tetracycline.

Kim et al. established the mosaic analysis with dual
recombinase-mediated cassette exchange (MADR) method, which
uses mice engineered for Cre-LoxP (51). However, this novel,
electroporation-based somatic transgenesis method, is used to
introduce single-copy gain of function and loss of function
oncogenes into neural progenitor cells (NPCs) in vivo in mTmG
(membrane-targeted tdTomato/membrane-targeted EGFP)
heterozygous mice. MADR is incorporated into the cells by
insertion of DNA transgene cassettes into the Rosa26 locus,
flanked by both the loxP and Flp recombinase target (FRT) sites.
In the presence of Cre and Flp recombinases, dual recombination
can occur, where the transgene cassette is inserted and expressed
under the CAG promoter, leading to constitutive expression of that
element. The population of NPCs are targeted on postnatal days 1-
2 of the mTmG heterozygous mice by injection of the plasmid mix
into the ventricular zone (VZ) and electroporated by swiping
electrode paddles across the head of the mouse pup. This system
allows for the expression of a milieu of genetic material such as the
human driver fusion proteins YAPI-MAMLID and ZFTA-RELA.
Expression of these common ST-EPN driver fusions leads to the
formation of tumors in vivo with similar morphological
characteristics such as rosette-like structures, defined tumor
margins, and lack of invading cells (51).

The MADR system overcomes some disadvantages of viral- and
transposon-based systems such as control of site-specific and copy
number expression. It is highly amenable to model an endless list of
oncogenes and gene fusions of interest in either cell or mouse lines.
Limitations to this system include the requirement of mouse strains
engineered with the loxP and Flp dual recombinase recognition
sites. In addition, in its current configuration, transgenes are not
under the control of the natural cis-regulatory element and instead
use strong artificial promoters, such as the CAG promoter. Usage of
these promoters has been used to efficiently drive the expression of
transgenes of interest; however, they do not necessarily model
expression in a natural biological manner. This limitation can be
addressed through the usage of other genetic tools such as CRISPR/
Cas9, base editors, and prime editors that may allow for increased
specificity in genome manipulation (52, 53).

CRISPR/Cas9

As mentioned, there has been work to model ST-EPN tumors
by forced expression of the human gene fusions in mouse models;
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however, an aspect that has not been fully modeled is the gene
rearrangement caused by chromothriptic events observed in ST-
EPN. This is addressed by Takadera et al., where they used the
CRISPR/Cas9 genome editing tool to model the ZFTA-RELA gene
rearrangement (54). The CRISPR/Cas9 system uses a single-guide
RNA (sgRNA) to guide the Cas9 endonuclease to a specified region,
making DNA double-strand breaks and modifications to the host
genome. In this study, they generated sgRNAs to reproduce the
RELA"™! rearrangement consisting of the first two exons of the
mouse homolog of ZFTA and exons 2-11 of RELA. Using the
lentiviral gene delivery system, they injected Nestin-Cre+/—, cag-
Cas9+/+ neonatal pups with the mRELA™ vector encoding the
sgRNAs. Two months after the lentivirus injection, tumor
formation was observed. However, tumor incidence was observed
less in the mRELATYS mice compared to mice with overexpression
of human RELA™S, Using the CRISPR/Cas9 system, investigators
were able to confirm and model the tumorigenic potential of
rearrangement of the ZFTA and RELA genes. Aspects of
chromothripsis such as DNA repair mechanisms of double-strand
breaks in vivo can be recapitulated using CRISPR/Cas9 technology,
highlighting its utility when modeling ST-EPN gene fusions. Better
modeling of the gene rearrangement in ST-EPN can reveal
neighboring genes and genomic regions that may be altered and
or influencing tumorigenesis. A main limitation of this system
includes potential off-target effects, where mutations can occur at
undesired sites in the genome (55, 56). Additionally, expression of
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Cas9, a protein derived from bacterium like Staphylococcus aureus
or Streptococcus pyogenes, induces an unintended immune response
(57, 58).

Conclusion

ST-EPNs can be highly aggressive tumors, particularly in
recurrent forms. Moreover, their relative rarity and fundamental
biology impose challenges with the generation of in vitro and in vivo
models. As we have discussed, advances in cell culture,
transplantation, and mouse somatic transgenesis have quickly
enabled the generation of a new cohort of ST-EPN modeling
systems, summarized in Figure 1. The advent of these models has
provided insight into the oncogenic fusions characteristic of ST-
EPN and how it is driving tumor formation. In this review, only
common gene fusions, ZFTA-RELA and YAPI-MAMLDI,
characteristic of ST-EPN have been discussed. Additional studies
have identified less common ZFTA-RELA-negative ST-EPN
tumors that display fusions such as EP300-BCORLI or FOXOI-
STK24 (59). Future investigations are necessary to identify the
clinical relevance of these fusions (and other unmodeled ZFTA-
fusion subtypes) and implications when classifying ST-EPN tumors.
Recent advances in deep sequencing, single-cell RNA sequencing,
and other multi-omic technologies utilized in studies cited here,
have shed light on the DNA and RNA level, giving insight into
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Schematic summarizing the advantages and disadvantages of the current preclinical modeling systems of ST-EPN. Both in vitro and in vivo models are
described with the references utilizing these models cited in this review. In vitro models include 2D adherent cultures and 3D neurospheres, in vivo models
include PDX/PDOX, RCAS/tv-a system, Transposon based system, Cre-LoxP based (MADR) system, and CRISPR/Cas9. Schematic generated using BioRender.
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potential ST-EPN biomarkers and targets. From these, new insights
and disease mechanisms have been elucidated from these systems.
Given the acceleration in our knowledge of ST-EPNs and these new
models, there is great promise that a new generation of targeted
therapeutics and/or combination therapies will emerge.

Author contributions

EH: Writing - original draft, Writing — review & editing. JB:
Writing - original draft, Writing - review & editing.

Funding

The author(s) declare financial support was received for the
research, authorship, and/or publication of this article. We
acknowledge support from the Board of Governors RMI of Cedars-
Sinai (to JB). JB was supported by DoD grant HT9425-23-1-0269, NIH
grant R33CA236687, American Cancer Society grant RSG-16-217-01-
TBG. EH was supported by the CIRM Fellowship EDUC4-12751.

References

1. Kalfas F, Scudieri C. World Health Organization grade III supratentorial
extraventricular ependymomas in adults: Case series and review of treatment
modalities. Asian ] Neurosurge (2019) 14:1157. doi: 10.4103/ajns.AJNS_239_18

2. Ruda R, Reifenberger G, Frappaz D, Pfister SM, Laprie A, Santarius T, et al.
EANO guidelines for the diagnosis and treatment of ependymal tumors. Neuro-
Oncology (2017) 20:445-56. doi: 10.1093/neuonc/nox166

3. Ruda R, Bruno F, Pellerino A, Soffietti R. Ependymoma: evaluation and management
updates. Curr Oncol Rep (2022) 24:985-93. doi: 10.1007/s11912-022-01260-w

4. Pajtler KW, Mack SC, Ramaswamy V, Smith CA, Witt H, Smith A, et al. The current
consensus on the clinical management of intracranial ependymoma and its distinct
molecular variants. Acta Neuropathol (2016) 133:5-12. doi: 10.1007/s00401-016-1643-0

5. Byer L, Kline CN, Coleman C, Allen IE, Whitaker E, Mueller S. A systematic
review and meta-analysis of outcomes in pediatric, recurrent ependymoma. J Neuro-
Oncol (2019) 144:445-52. doi: 10.1007/s11060-019-03255-3

6. Pajtler KW, Pfister SM, Kool M. Molecular dissection of ependymomas.
Oncoscience (2015) 2:827-828.:827. doi: 10.18632/oncoscience.202

7. Pajtler KW, Witt H, Sill M, Jones DTW, Hovestadt V, Kratochwil F, et al.
Molecular classification of ependymal tumors across all CNS compartments,
histopathological grades, and age groups. Cancer Cell (2015) 27:728-43.
doi: 10.1016/j.ccell.2015.04.002

8. Parker M, Mohankumar KM, Punchihewa C, Weinlich R, Dalton JD, Li Y, et al.
Cl11orf95-RELA fusions drive oncogenic NF-kB signalling in ependymoma. Nature
(2014) 506:451-5. doi: 10.1038/nature13109

9. Tauziede-Espariat A, Siegfried A, Nicaise Y, Kergrohen T, Sievers P, Vasiljevic A,
et al. Supratentorial non-RELA, ZFTA-fused ependymomas: a comprehensive
phenotype genotype correlation highlighting the number of zinc fingers in ZFTA-
NCOA1/2 fusions. Acta Neuropathola Commun (2021) 9:205-16. doi: 10.1186/s40478-
021-01238-y

10. Pajtler KW, Wei Y, Okonechnikov K, Silva PBG, Vouri M, Zhang L, et al. YAP1
subgroup supratentorial ependymoma requires TEAD and nuclear factor I-mediated
transcriptional programmes for tumorigenesis. Nat Commun (2019) 10:3914.
doi: 10.1038/s41467-019-11884-5

11. Andreiuolo F, Varlet P, Tauzi¢de-Espariat A, Junger ST, Dorner E, Dreschmann
V, et al. Childhood supratentorial ependymomas with YAPI-MAMLDI fusion: an
entity with characteristic clinical, radiological, cytogenetic and histopathological
features. Brain Pathol (2019) 29:205-16. doi: 10.1111/bpa.12659

12. Yu L, Baxter P, Voicu H, Gurusiddappa S, Zhao YJ, Adesina AM, et al. A
clinically relevant orthotopic xenograft model of ependymoma that maintains the
genomic signature of the primary tumor and preserves cancer stem cells in vivo. Neuro-
oncology (2010) 12:580-94. doi: 10.1093/neuonc/nop056

Frontiers in Oncology

10.3389/fonc.2024.1360358

Acknowledgments

A sincere thank-you to Dr. Katie Grausam for the diligent
proofreading of this paper.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Publisher’'s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

13. Hussein D, Punjaruk W, Storer LCD, Shaw L, Othman RT, Peet AC, et al.
Pediatric brain tumor cancer stem cells: cell cycle dynamics, DNA repair, and etoposide
extrusion. Neuro-Oncology (2011) 13:70-83. doi: 10.1093/neuonc/noq144

14. Milde T, Kleber S, Korshunov A, Witt H, Hielscher T, Koch P, et al. A novel
human high-risk ependymoma stem cell model reveals the differentiation-inducing
potential of the histone deacetylase inhibitor Vorinostat. Acta Neuropathol (2011)
122:637-50. doi: 10.1007/s00401-011-0866-3

15. Guan S, Shen R, LaFortune TA, Tiao N, Houghton PJ, Alfred Yung WK, et al.
Establishment and characterization of clinically relevant models of ependymoma: a true
challenge for targeted therapy. Neuro-Oncology (2011) 13:748-58. doi: 10.1093/
neuonc/nor037

16. de Almeida Magalhdes T, Alencastro G, Ribeiro G, Englinger B, Fernando L,
Ancliffe M, et al. Activation of Hedgehog signaling by the oncogenic RELA fusion
reveals a primary cilia-dependent vulnerability in supratentorial ependymoma. Neuro-
Oncology (2022) 25:185-98. doi: 10.1093/neuonc/noac147

17. Sabnis DH, Storer LCD, Liu JF, Jackson HK, Kilday JP, Grundy RG, et al. A role
for ABCBI in prognosis, invasion and drug resistance in ependymoma. Sci Rep (2019)
9:10290. doi: 10.1038/s41598-019-46700-z

18. Saleh AH, Samuel N, Juraschka K, Saleh MH, Taylor MD, Fehlings MG. The
biology of ependymomas and emerging novel therapies. Nat Rev Cancer (2022) 22:2-8-
222. doi: 10.1038/s41568-021-00433-2

19. Johnson RE, Wright K, Poppleton H, Mohankumar KM, Finkelstein D, Pounds
S, et al. Cross-species genomics matches driver mutations and cell compartments to
model ependymoma. Nature (2010) 466:632-6. doi: 10.1038/nature09173

20. Kupp R, Ruff L, Terranova S, Nathan E, Ballereau S, Stark R, et al. ZFTA
translocations constitute ependymoma chromatin remodeling and transcription
factors. Cancer Discov (2021) 11:2216-29. doi: 10.1158/2159-8290.CD-20-1052

21. Hashimoto N, Suzuki T, Ishizawa K, Nobusawa S, Yokoo H, Nishikawa R, et al.
A clinicopathological analysis of supratentorial ependymoma, ZFTA fusion-positive:
utility of immunohistochemical detection of CDKN2A alterations and characteristics
of the immune microenvironment. Brain Tumor Pathol (2023) 40:163-75.
doi: 10.1007/s10014-023-00464-7

22. Antonelli R, Jiménez C, Riley M, Servidei T, Riccardi R, Soriano A, et al. CN133,
a novel brain-penetrating histone deacetylase inhibitor, hampers tumor growth in
patient-derived pediatric posterior fossa ependymoma models. Cancers (2020) 12:1922.
doi: 10.3390/cancers12071922

23. de Sousa GR, Saloméo KB, Nagano LFP, Riemondy KA, Chagas PS, Veronez LC,
et al. Identification of HDAC4 as a potential therapeutic target and prognostic
biomarker for ZFTA-fused ependymomas. Cancer Gene Ther (2023) 30:1105-13.
doi: 10.1038/s41417-023-00616-z

frontiersin.org


https://doi.org/10.4103/ajns.AJNS_239_18
https://doi.org/10.1093/neuonc/nox166
https://doi.org/10.1007/s11912-022-01260-w
https://doi.org/10.1007/s00401-016-1643-0
https://doi.org/10.1007/s11060-019-03255-3
https://doi.org/10.18632/oncoscience.202
https://doi.org/10.1016/j.ccell.2015.04.002
https://doi.org/10.1038/nature13109
https://doi.org/10.1186/s40478-021-01238-y
https://doi.org/10.1186/s40478-021-01238-y
https://doi.org/10.1038/s41467-019-11884-5
https://doi.org/10.1111/bpa.12659
https://doi.org/10.1093/neuonc/nop056
https://doi.org/10.1093/neuonc/noq144
https://doi.org/10.1007/s00401-011-0866-3
https://doi.org/10.1093/neuonc/nor037
https://doi.org/10.1093/neuonc/nor037
https://doi.org/10.1093/neuonc/noac147
https://doi.org/10.1038/s41598-019-46700-z
https://doi.org/10.1038/s41568-021-00433-2
https://doi.org/10.1038/nature09173
https://doi.org/10.1158/2159-8290.CD-20-1052
https://doi.org/10.1007/s10014-023-00464-7
https://doi.org/10.3390/cancers12071922
https://doi.org/10.1038/s41417-023-00616-z
https://doi.org/10.3389/fonc.2024.1360358
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Hatanaka and Breunig

24. Sabnis D, Liu JF, Simmonds L, Blackburn S, Grundy RG, Kerr ID, et al. BLBP is
both a marker for poor prognosis and a potential therapeutic target in paediatric
ependymoma. Cancers (2021) 13:2100-0. doi: 10.3390/cancers13092100

25. Lee ], Kotliarova S, Kotliarov Y, Li A, Su Q, Donin NM, et al. Tumor stem cells
derived from glioblastomas cultured in bFGF and EGF more closely mirror the
phenotype and genotype of primary tumors than do serum-cultured cell lines.
Cancer Cell (2006) 9:391-403. doi: 10.1016/j.ccr.2006.03.030

26. Meel MH, ACharlotteP S, Waranecki P, Metselaar DS, Wedekind LE, Koster J,
et al. Culture methods of diffuse intrinsic pontine glioma cells determine response to
targeted therapies. Exp Cell Res (2017) 360:397-403. doi: 10.1016/j.yexcr.2017.09.032

27. Torsvik A, Stieber D, Enger PQ, Golebiewska A, Molven A, Svendsen A, et al. U-
251 revisited: genetic drift and phenotypic consequences of long-term cultures of
glioblastoma cells. Cancer Med (2014) 3:812-24. doi: 10.1002/cam4.219

28. Liu S, Magill ST, Vasudevan HN, Hilz S, Villanueva-Meyer J, Lastella S, et al.
Multiplatform molecular profiling reveals epigenomic intratumor heterogeneity in
ependymoma. Cell Rep (2020) 30:1300-1309.¢5. doi: 10.1016/j.celrep.2020.01.018

29. Lago C, Federico A, Di Leva G, Mack N, Schwalm B, Ballabio C, et al.
Patient- and xenograft-derived organoids recapitulate pediatric brain tumor
features and patient treatments. EMBO Mol Med (2023) 15:e18199.
doi: 10.15252/emmm.202318199

30. Tang-Schomer MD, Bookland M]J, Sargent JE, N. Jackvony T. Human patient-
derived brain tumor models to recapitulate ependymoma tumor vasculature.
Bioengineering (2023) 10:840. doi: 10.3390/bioengineering10070840

31. Taylor MD, Poppleton H, Fuller C, Su X, Liu Y, Jensen P, et al. Radial glia cells
are candidate stem cells of ependymoma. Cancer Cell (2005) 8:323-35. doi: 10.1016/
j.ccr.2005.09.001

32. Gilbertson RJ, Gutmann DH. Tumorigenesis in the brain: location, location,
location. Cancer Res (2007) 67:5579-82. doi: 10.1158/0008-5472.CAN-07-0760

33. Brabetz S, Leary S, Grobner S, Nakamoto MW, Seker-Cin H, Girard EJ, et al. A
biobank of patient-derived pediatric brain tumor models. Nat Med (2018) 24:1752-61.
doi: 10.1038/541591-018-0207-3

34. Gojo J, Englinger B, Jiang LJ, Hiibner JM, Shaw M, Hack OA, et al. Single-cell
RNA-seq reveals cellular hierarchies and impaired developmental trajectories in pediatric
ependymoma. Cancer Cell (2020) 38:44-59.e9. doi: 10.1016/j.ccell.2020.06.004

35. Smith KC, Xu K, Mercer KS, Boop FA, Klimo P, DeCupyere M, et al. Patient-
derived orthotopic xenografts of pediatric brain tumors: a St. Jude resource. Acta
Neuropathol (2020) 140:209-25. doi: 10.1007/s00401-020-02171-5

36. Gonzalez H, Hagerling C, Werb Z. Roles of the immune system in cancer: from
tumor initiation to metastatic progression. Genes Dev (2018) 32:1267-84. doi: 10.1101/
gad.314617.118

37. Hiam-Galvez KJ, Allen BM, Spitzer MH. Systemic immunity in cancer. Nat Rev
Cancer (2021) 21:345-59. doi: 10.1038/s41568-021-00347-z

38. Ozawa T, Arora S, Szulzewsky F, Juric-Sekhar G, Miyajima Y, Bolouri H, et al. A
de novo mouse model of C110rf95-RELA fusion-driven ependymoma identifies driver
functions in addition to NF-xB. Cell Rep (2018) 23:3787-97. doi: 10.1016/
j.celrep.2018.04.099

39. Ahronian LG, Lewis BC. Using the RCAS-TVA system to model human cancer
in mice. Cold Spring Harbor Protoc (2014) 2014:pdb.top069831. doi: 10.1101/
pdb.top069831

40. Thomas CE, Ehrhardt A, Kay MA. Nat rev genet. Nat Rev Genet (2003) 4:346—
58. doi: 10.1038/nrg1066

41. Manno CS, Pierce GF, Arruda VR, Glader B, Ragni M, Rasko JJE, et al. Successful
transduction of liver in hemophilia by AAV-Factor IX and limitations imposed by the
host immune response. Nat Med (2006) 12:342-7. doi: 10.1038/nm1358

Frontiers in Oncology

08

10.3389/fonc.2024.1360358

42. Iguchi T, Yagi H, Wang C, Sato M. A tightly controlled conditional knockdown
system using the tol2 transposon-mediated technique. PloS One (2012) 7:¢33380-0.
doi: 10.1371/journal.pone.0033380

43. Sandoval-Villegas N, Nurieva W, Amberger M, Ivics Z. Contemporary
Transposon Tools: A Review and Guide through Mechanisms and Applications of
Sleeping Beauty, piggyBac and Tol2 for Genome Engineering. Int J Mol Sci (2021)
22:5084. doi: 10.3390/ijms22105084

44. Cunningham R, Hansen C. The Hippo pathway in cancer: YAP/TAZ and TEAD
as therapeutic targets in cancer. Clin Sci (2022) 136:197-222. doi: 10.1042/CS20201474

45. Arabzade A, Zhao Y, Varadharajan S, Chen H, Jessa S, Rivas B, et al. ZFTA-
RELA dictates oncogenic transcriptional programs to drive aggressive supratentorial
ependymoma. Cancer Discov (2021) 11:2200-15. doi: 10.1093/neuonc/noab090.051

46. Munoz-Lopez M, Garcia-Pérez JL. DNA transposons: nature and applications in
genomics. Curr Genomics (2010) 11:115-28. doi: 10.2174/138920210790886871

47. Seong BKA, Dharia NV, Lin S, Donovan KA, Chong S, Robichaud A, et al.
TRIMS8 modulates the EWS/FLI oncoprotein to promote survival in Ewing sarcoma.
Cancer Cell (2021) 39:1262-78. doi: 10.1016/j.ccell.2021.07.003

48. McLellan MA, Rosenthal NA, Pinto AR. Cre-lox P-mediated recombination:
general principles and experimental considerations. Curr Protoc Mouse Biol (2017) 7:1-
12. doi: 10.1002/cpmo.22

49. Kim H, Kim M, Im SK, Fang S. Mouse Cre-LoxP system: general principles to
determine tissue-specific roles of target genes. Lab Anim Res (2018) 34:147.
doi: 10.5625/1ar.2018.34.4.147

50. Feil R, Wagner J, Metzger D, Chambon P. Regulation of cre recombinase activity
by mutated estrogen receptor ligand-binding domains. Biochem Biophys Res Commun
(1997) 237:752-7. doi: 10.1006/bbrc.1997.7124

51. Kim GB, Pacheco D, Saxon D, Yang A, Sabet S, Dutra-Clarke M, et al. Rapid
generation of somatic mouse mosaics with locus-specific, stably integrated transgenic
elements. Cell (2019) 179:251-67. doi: 10.1016/j.cell.2019.08.013

52. Anzalone AV, Koblan LW, Liu DR. Genome editing with CRISPR-Cas
nucleases, base editors, transposases and prime editors. Nat Biotechnol (2020)
38:824-44. doi: 10.1038/541587-020-0561-9

53. Chen PJ, Liu DR. Prime editing for precise and highly versatile genome
manipulation. Nat Rev Genet (2022) 24:1-17. doi: 10.1038/s41576-022-00541-1

54. Takadera M, Satomi K, Szulzewsky F, Cimino PJ, Holland EC, Yamamoto T,
et al. Phenotypic characterization with somatic genome editing and gene transfer
reveals the diverse oncogenicity of ependymoma fusion genes. Acta Neuropathola
Commun (2020) 8:203. doi: 10.1186/s40478-020-01080-8

55. Zhang XH, Tee LY, Wang XG, Huang QS, Yang SH. Off-target effects in
CRISPR/cas9-mediated genome engineering. Mol Ther - Nucleic Acids (2015) 4:e264.
doi: 10.1038/mtna.2015.37

56. Héijer I, Emmanouilidou A, Ostlund R, van Schendel R, Bozorgpana S,
Tijsterman M, et al. CRISPR-Cas9 induces large structural variants at on-target and
off-target sites in vivo that segregate across generations. Nat Commun (2022) 13:627.
doi: 10.1038/541467-022-28244-5

57. Rasul MF, Hussen BM, Salihi A, Ismael BS, Jalal P, Zanichelli A, et al. Strategies
to overcome the main challenges of the use of CRISPR/Cas9 as a replacement for cancer
therapy. Mol Cancer (2022) 21:64. doi: 10.1186/s12943-021-01487-4

58. Mehta A, Merkel OM. Immunogenicity of cas9 protein. | Pharm Sci (2020)
109:62-7. doi: 10.1016/j.xphs.2019.10.003

59. Fukuoka K, Kanemura Y, Shofuda T, Fukushima S, Yamashita S, Narushima D,
et al. Significance of molecular classification of ependymomas: C110rf95-RELA fusion-
negative supratentorial ependymomas are a heterogeneous group of tumors. Acta
Neuropathola Commun (2018) 6:134. doi: 10.1186/s40478-018-0630-1

frontiersin.org


https://doi.org/10.3390/cancers13092100
https://doi.org/10.1016/j.ccr.2006.03.030
https://doi.org/10.1016/j.yexcr.2017.09.032
https://doi.org/10.1002/cam4.219
https://doi.org/10.1016/j.celrep.2020.01.018
https://doi.org/10.15252/emmm.202318199
https://doi.org/10.3390/bioengineering10070840
https://doi.org/10.1016/j.ccr.2005.09.001
https://doi.org/10.1016/j.ccr.2005.09.001
https://doi.org/10.1158/0008-5472.CAN-07-0760
https://doi.org/10.1038/s41591-018-0207-3
https://doi.org/10.1016/j.ccell.2020.06.004
https://doi.org/10.1007/s00401-020-02171-5
https://doi.org/10.1101/gad.314617.118
https://doi.org/10.1101/gad.314617.118
https://doi.org/10.1038/s41568-021-00347-z
https://doi.org/10.1016/j.celrep.2018.04.099
https://doi.org/10.1016/j.celrep.2018.04.099
https://doi.org/10.1101/pdb.top069831
https://doi.org/10.1101/pdb.top069831
https://doi.org/10.1038/nrg1066
https://doi.org/10.1038/nm1358
https://doi.org/10.1371/journal.pone.0033380
https://doi.org/10.3390/ijms22105084
https://doi.org/10.1042/CS20201474
https://doi.org/10.1093/neuonc/noab090.051
https://doi.org/10.2174/138920210790886871
https://doi.org/10.1016/j.ccell.2021.07.003
https://doi.org/10.1002/cpmo.22
https://doi.org/10.5625/lar.2018.34.4.147
https://doi.org/10.1006/bbrc.1997.7124
https://doi.org/10.1016/j.cell.2019.08.013
https://doi.org/10.1038/s41587-020-0561-9
https://doi.org/10.1038/s41576-022-00541-1
https://doi.org/10.1186/s40478-020-01080-8
https://doi.org/10.1038/mtna.2015.37
https://doi.org/10.1038/s41467-022-28244-5
https://doi.org/10.1186/s12943-021-01487-4
https://doi.org/10.1016/j.xphs.2019.10.003
https://doi.org/10.1186/s40478-018-0630-1
https://doi.org/10.3389/fonc.2024.1360358
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	In vitro and in vivo modeling systems of supratentorial ependymomas
	Introduction
	Supratentorial ependymomas
	In vitro modeling
	2D adherent cultures
	3D neurosphere cultures
	In vitro limitations

	In vivo modeling
	Patient-derived orthotopic xenograft models
	RCAS/tv-a system
	Transposon-based system
	Cre-LoxP Systems-Germline and Somatic
	CRISPR/Cas9


	Conclusion
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher’s note
	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 /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /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 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /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 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /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
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /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 [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


