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Spinal cord astrocytomas (SCAs) account for 6–8% of all primary spinal cord tumors. For
high-grade SCAs, the prognosis is often poor with conventional therapy, thus the urgent
need for novel treatments to improve patient survival. Immunotherapy is a promising
therapeutic strategy and has been used to treat cancer in recent years. Several clinical
trials have evaluated immunotherapy for intracranial gliomas, providing evidence for
immunotherapy-mediated ability to inhibit tumor growth. Given the unique
microenvironment and molecular biology of the spinal cord, this review will offer new
perspectives on moving toward the application of successful immunotherapy for SCAs
based on the latest studies and literature. Furthermore, we will discuss the challenges
associated with immunotherapy in SCAs, propose prospects for future research, and
provide a periodic summary of the current state of immunotherapy for
SCAs immunotherapy.

Keywords: spinal cord astrocytomas, immunotherapy, immune checkpoint inhibitors, CAR-T therapy, therapeutic
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INTRODUCTION AND CURRENT MANAGEMENT OF SPINAL
CORD ASTROCYTOMAS

Spinal cord astrocytomas (SCAs) comprise approximately 6–8% of primary spinal cord tumors (1)
and can be divided into the following categories based on the 2016 World Health Organization
(WHO) classification: pilocytic astrocytomas (PAs, Grade I), diffuse astrocytomas (DAs, Grade II),
anaplastic astrocytomas (AAs, Grade III), and glioblastomas multiforme (GBMs, Grade IV) (2, 3).
In addition, a new histological diagnosis has been proposed to include diffuse midline gliomas
(DMGs), with H3K27M mutant, which are found in the spinal cord, brainstem, pineal region, and
thalamus (2). Generally, 75% of primary SCAs are low-grade (WHO grade I–II), while the
remaining 25% are high-grade (WHO grade III–IV) tumors (4).

The current standard-of-care therapy for SCAs involves maximal safe surgical resection,
followed by radiotherapy and chemotherapy. For low-grade primary SCAs, gross total resection
is considered the first treatment choice and has an excellent local control rate (5). However, the
value of aggressive resection in high-grade SCAs is unknown and cannot be recommended since the
infiltrative nature of these SCAs frequently limits the extent of resection. For these tumors,
aggressive surgical removal is not associated with any significant survival benefit, with a
mortality rate of up to 70% at 6 months (6).
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In conclusion, SCAs are rare diseases and are challenging to
treat. For high-grade SCAs, the currently available therapies
seem to do little to improve the survival of patients. In the
future, better therapeutic options are needed to treat high-grade
SCAs to prolong the patient’s life, and immunotherapy might be
a potential treatment for those patients.
SPINAL CORD MICROENVIRONMENT
AND ITS IMPACT ON TUMOR BIOLOGY

The spinal cord microenvironment not only plays an important
role in the process of tumor occurrence, development, and
metastasis but also influences therapeutic effects (7).

In the chapter “Spinal Cord Tumor Microenvironment” in
TME in organs, Ellis and colleagues have demonstrated that the
TME in the spinal cord and brain are different (8). In their study,
the author found that the same source of tumor cells
transplanted into the spinal cord tissue showed lower tumor
growth than in the brain, which led the researchers to speculate
that the occurrence and development of glioma may be due
to the different environment present in the brain and spinal cord.
In addition, the literature provides evidence that genetic changes
in intramedullary astrocytomas are less frequent than in
intracranial astrocytomas (8). One possible explanation may be
the relatively small spinal canal volume, which makes the tumor
more prone to symptoms at an earlier stage of development.

As we all know, the spinal cord is located in the spinal canal,
composed of gray and white matter, covered from inside to
outside by the pia mater, arachnoid mater, and dural mater. The
subarachnoid space is filled with cerebrospinal fluid, which
provides mechanical and immune protection for the spinal
cord. The existence of the blood-spinal cord barrier (BSCB)
makes the spinal cord form a relatively independent
microenvironment, which strictly regulates metabolism and
immune transport to the spinal cord parenchyma as the same
as the function of the blood-brain barrier. Although the spinal
cord, like the brain, has long been considered immune exclusion
zone, this view has been challenged in recent years.

Glial cells are the most abundant cell types in the spinal cord,
including astrocytes, oligodendrocytes, ependymal cells, and
microglias. The glia-neuron ratio in the spinal cord is
suspected to be much higher than in the brain (9). Among
them, astrocytes are the most common cell type that play an
important role in the normal functioning of the spinal cord and
also participate in the occurrence and development of tumors in
many ways. Although relevant studies have been carried out in
intracranial gliomas, due to the large regional heterogeneity of
astrocytes, intracranial studies cannot be fully applied to SCAs,
and relevant studies need to be further carried out.

Lymphoid cells can provide long-term immune monitoring and
play an important role in maintaining homeostasis and tumor
development. In this context, the concept of checkpoint inhibitor
was proposed and received more attention. The discovery of PD-1,
PD-L1, CTLA-4, and other molecules and the development of
related drugs have been effective in some tumors. In CNS
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malignancies, tumor molecules can avoid detection by recruiting
and coordinating T lymphocytes, and transform the immune
system from protective to toxic (10). In spinal cord, the
expression rate of PD-L1 is about 20% according to one study
(11). Clinical trials targeting immune checkpoints have been carried
out in intracranial gliomas, although the results have not been
satisfactory and the study of spinal astrocytomas is still in the blank.

In a word, compared to studies on the intracranial glioma
microenvironment, there is still a lack of data specific to the
spinal cord, which indicates that future research is necessary.
With the development of relevant studies and the gradual
understanding of the spinal cord microenvironment, the
treatment of spinal cord tumor will also change accordingly,
making treatment more targeted and efficient.
MOLECULAR BIOLOGY OF SPINAL CORD
ASTROCYTOMAS

Characteristic molecular markers in tumor tissues are important
for judging tumor pathological grade and treatment prognosis.
Therefore, it is of great importance to search for characteristic
molecular indicators of SCAs, especially high-grade. Below, we
summarize specific biomarkers of SCAs (Table 1).
H3K27M

The K27M mutation is one of two mutually exclusive variants of the
H3F3A gene. Gliomas harboring this mutation mainly localize to
midline structures, such as the thalamus, brainstem, and spinal cord,
and are prevalent in adolescents and children withmalignant biological
characteristics (16, 23). The H3K27M mutation lacks typical cellular
genetic abnormalities and is usually found in high-grade gliomas
characterized by unusually aggressive tumor progression (24), even if
it not classified histologically as low-grade astrocytomas (15).

The K27M mutation in patients with SCAs is associated with
grade III–IV tumors. Chai et al. (17) revealed the K27M mutation
was detected in 42.1% of cases (n = 83) of SCAs. Nagaishi et al. (23)
showed similar data. Thus, this mutation is often associated with
grade III–IV SCAs. Another study showed approximately the same
mutation frequency rate for grade III–IV astrocytomas in adults and
children (52% and 54%; n = 11 and 19, respectively) (14). It should
be noted that K27M is absent in other types of malignant tumors, so
it may be a pathological feature of primary malignant SCAs and
may also serve as an indicator of the worst prognosis (16). Research
on H3K27M as an important therapeutic target is under way, which
will be described below.
IMMUNOTHERAPY: A POTENTIAL
APPROACH FOR HIGH-GRADE SCAS

In recent years, alongside the advancement of research and the
continuous improvements in technology, tumor immunotherapy
February 2021 | Volume 11 | Article 582828
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has gradually become an important treatment modality in
addition to surgical treatment and postoperative radiotherapy
and chemotherapy. Immunotherapy has played an increasingly
important role in the treatment of hematological malignancies
and melanoma and other malignancies. Immunotherapeutic
agents have been approved for marketing and have benefited a
number of patients. Immunotherapy is also at the experimental
stage in glioma. Recent novel advances in immunotherapy
include immune checkpoint inhibitors, chimeric antigen
receptor (CAR)-T therapy, and vaccine therapy (25). The
application of immunotherapy to the treatment of high-grade
spinal cord astrocytomas is promising, and the results may be
exciting, although at present, there are still considerable
challenges. Below, we will summarize the current status of
immunotherapy in SCAs and the problems to be resolved in
the future.
IMMUNE CHECKPOINT INHIBITORS

Immunocheckpoint inhibitors have played an important role in
the treatment of many kinds of tumors. At present, common
immune checkpoints include PD-1、PD-L1、CTLA-4. These
molecules have been shown to be highly expressed on the surface
of intracranial glioma molecules, and their expression level is
positively correlated with tumor grade (26). In preclinical
studies, relevant studies have shown that anti-PD-1, anti-PD-
L1, and anti-CTLA-4 can achieve tumor survival in 50%、20%,
and 15% of mice respectively when treated with tumor model
alone. Combined use of anti-PD-1 and anti-CTLA-4 can
effectively prevent tumor growth (27). However, due to the
differences between the animal model and the actual tumor
microenvironment, the data of relevant clinical studies were
unsatisfactory, and most of them focused on stage I and II.
Nivolumab, a monoclonal antibody used to block PD-1, is
currently undergoing clinical trials and has shown that its use
alone does not extend overall survival (28). In another trial,
pembrolizumab, another anti-PD-1, has been used to assess
Frontiers in Immunology | www.frontiersin.org 3
immune response and survival analysis in patients with GBM
after surgical resection as a neoadjuvant therapy. The results of
this study suggest that the overall survival of patients can be
prolonged (29). In general, the effect of immunocheckpoint
inhibitors as a single treatment is limited, but combined with
other treatment methods, such as targeted drugs, radiotherapy,
chemotherapy, and so on, the therapeutic effect may be
improved. Although this approach is currently rarely used in
high-grade spinal cord astrocytomas, relevant treatment
strategies can be used for reference.
CAR-T CELL THERAPY

Chimeric antigen receptor (CAR) T cell therapy is an example of
adoptive cell therapy and is a promising immunotherapy
approach. CARs are synthetic receptors that alter the
specificity, function, and metabolism of T cells (30). A major
advantage of CAR-T therapy is that through the short-chain
variable fragment (ScFv), T cells can directly recognize tumor
surface specific antigens without the need for major
histocompatibility complex (MHC) complex antigens,
effectively overcoming the limitations of previous TCR-T
cells (31).

CAR-T therapy was first described in the mid-1980s (32).
However, only in recent years has it been successfully introduced
into clinical practice. In 2007, the FDA approved the first
application of an anti-CD19-CAR-T clinical trial. The results
were encouraging (33), and thus scientists were stimulated to
apply this approach to central nervous system tumors. In adult
glioblastomas, CAR-T have targeted specific antigens such as
human epidermal growth factor receptor 2 (HER2) (34),
epidermal growth factor receptor (EGFR) vIII (35, 36),
interleukin (IL)-13Ra2 (37), and ephrin type-A receptor 2
(EphA2) (38), and preliminary results are encouraging.
Although clinical conversion of these agents is not yet possible,
the results have provided scientists with considerable confidence
regarding their promising clinical implication.
TABLE 1 | Molecular Markers of Spinal Cord Astrocytomas (SCAs).

Gene/
Mutation

Mutation frequency in SCAs Comments

PAs
(Grade I)

DAs
(Grade II)

AAs
(Grade III)

GBMs
(Grade IV)

BRAF
KIAA1549

32% (12) Rare More common in PAs in the spinal cord and the basilar parts of the brain (13).

BRAF
V600E

48% (12) Rare Most frequently found in supratentorial PAs.

CDKN2A + Crucial to SCAs and, in particular, PAs (13).
H3K27M – 52% (adults) (14)

54% (children) (14)
SCAs with K27M mutation have malignant biological behavior and are highly invasive (15). Indicated
as the pathological basis for high-grade SCAs and is an important indicator of poor prognosis (16).

TERT
promoter

– 22% (17) TERT promoter mutations are associated with shorter survival in SCAs patients (17, 18).

TP53 – 60% (19) More aggressive disease course (20). Revealed in 60%–67% of grade III-IV SCAs (19, 21).
PTEN Extremely rare Only sporadic reports are known in grade III–IV (22).
Green refers to the genes that are related to low-grade (Grade I–II) SCAs; Blue refers to genes that are related to high-grade (Grade III–IV) SCAs. The symbols “+” and “–” stand for the
presence or absence of a mutation in SCAs.
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However, the specific targets identified in glioblastomas of the
brain are not suitable for high-grade SCAs. Encouragingly, a
recent study (39) has suggested that H3K27Mmutation may be a
potential target for immunotherapy of high-grade SCAs. The
study (39) was conducted in the broad framework of diffuse
midline gliomas. The disialoganglioside GD2, a group of
galactose-containing complex-lipid structures found on
membranes of cells, was identified and confirmed as being
specific and highly expressed in the pathological tissues of
patient derived diffuse midline glioma, but not on the surface
of normal cells. In the H3K27M+DMG orthotopic xenograft
model derived from five independent patients (including spinal
cord sources), GD2-targeted CAR-T cells could produce the
cytokines inteferon(IFN)-g and interleukin-2 (IL-2) and
selectively killed tumor cells. The transplanted tumor cells were
significantly reduced in size, which was obviously encouraging.
However, the neurotoxicity of CAR-T cell therapy is also of
concern. GD2-CAR-T cells in mice showed significant toxicity
over the maximum therapeutic period. The death of mice was
attributed to local third ventricle compression caused by
inflammatory infiltration, rather than the targeted, non-tumor
toxicity of specific GD2-CAR-T cells. The author concluded that
due to the particular anatomical site of the midline structure, the
swelling caused by neuroinflammation is often not tolerated (39);
thus, more detailed clinical testing and intensive neuroprotective
treatment are needed. Even so, the risk of cerebral hernia may
not be effectively reduced. Although the above studies in the
mouse xenograft model suggest that GD2-specific CAR T cell
therapy has promising therapeutic potential and that most mice
can tolerate the inflammatory response associated with the
activity of CAR T cells, whether this model is able to predict
human outcomes remains to be determined.
THERAPEUTIC VACCINES THERAPY

Therapeutic vaccines are also a promising therapeutic
approach, but their exact efficacy is unclear (40). Therapeutic
vaccines therapy can be roughly divided into several categories:
peptide vaccines, dendritic cell vaccines, tumor cell vaccines,
and neoantigen vaccines (41). Importantly, the use of
adjuvants is crucia l in immunological ly privi leged
environments such as the brain and spinal cord, because the
lack of resident immune cells in the CNS may hamper an
effective immune response. As a result, vaccines are being
developed and refined to adapt to the immunosuppressive
tumor microenvironment (TME).

H3K27M is a specific biological marker for primary high-level
SCAs and a promising target for immunotherapy. H3K27M-
targeted vaccines have shown good therapeutic effects in
preclinical models (42, 43). Ochs et al. (42) have done a lot of
work in this regard, and their data have provided the basis for the
further development of a vaccine against H3K27M. Their results
mainly confirmed that H3K27M can be targeted by mutant
specific peptide vaccines and can induce specific T cell
responses. Besides, the H3K27M peptide vaccine significantly
Frontiers in Immunology | www.frontiersin.org 4
reduced tumor growth in the transplanted tumor mouse model,
and induced effective CTL and Th-1 anti-tumor immune
responses. The authors’ findings provided a solid theoretical
basis for vaccine development targeting the H3K27M mutation.
It should also be noted, however, that the H3K27M homogenic
hypodermic sarcoma model was used in their studies, and that an
MHC humanized in situ glioma model was lacking to
demonstrate the efficacy and reliability of the vaccine.

Limited by the few specific epitopes available, there have been
few studies on targeted vaccines for high-grade SCAs. Thus,
current treatment of targeted vaccines for SCAs is still in its
infancy stage. H3K27M has been shown to be an effective
immunogenic epitope for SCAs and represents a promising
breakthrough point for the development of targeted vaccines
for SCAs in the future. It is also hoped that new immunogenic
epitopes will be discovered and confirmed in the future.
DISCUSSION

SCAs, especially high-grade SCAs, tend to occur in adolescents
and have a high degree of malignancy and poor prognosis. The
existing treatment methods are of little help to improve patient
survival. Immunotherapy has shown great anti-tumor potential
in other malignant tumors, and it has potential therapeutic
significance for spinal cord patients based on the data
available. Even so, the current research is limited and mainly
focuses on experimental studies in animal models, which is
mainly due to the following (44): the incidence of high-grade
spinal cord astrocytomas is very low compared with that of
intracranial gliomas; thus, it is difficult to obtain enough samples
for a full and objective analysis. Furthermore, the spinal cord
controls the upper and lower limbs, and because high-grade
gliomas are often characterized by invasive growth that is not
clearly distinguishable from normal tissue structure, it is difficult
to obtain enough tissue for detailed analysis. Therefore, regional
or international cooperation is desirable. Since spinal cord
astrocytomas are diseases with a low incidence, studies at this
stage are more focused on single centers, with a limited number
of cases, and the conclusions drawn are often incomplete.
Therefore, in the future, it is expected to enrich the
pathological sample size of spinal cord astrocytomas through
the cooperation of all parties, so as to conduct a systematic and
comprehensive analysis and continuously deepen the
understanding of this disease. Only with a deeper
understanding of the disease can we better diagnose and treat it.

There are still many difficulties and challenges that need to be
addressed in the future, including (i) antigen escape and paucity
of tumor specific antigens; (ii) drug delivery crossing the blood
spinal cord barrier (BSCB); (iii) neurotoxicity on the spinal cord;
and (iv) the unique immune cohort in SCAs.

The number of specific antigens identified in SCAs, especially
high-grade SCAs, is too small at present, which seriously restricts
the development of relevant immunotherapy drugs in SCAs.
Recent studies have shown that the genomic landscape of SCAs is
significantly different from that of intracranial astrocytomas,
February 2021 | Volume 11 | Article 582828
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with unique and highly recurrent mutations in the genes
encoding the H3 variant of the histone (45, 46). Other genes
identified contain TP53 and the TERT promoter. With this
knowledge, a new approach for the discovery of tumor-specific
targets for SCAs is necessary, instead of treating and testing
intracranial astrocytomas as in the past. Scientists will need to
determine how to identify new specific molecular markers
expressed in SCAs tissue samples that can more effectively
guide the immune system toward cancer eradication.

Antigenic escape is a thorny issue for scientists and clinic
doctors. Antigen escape has been identified as an important cause
of drug resistance and tumor relapse in acquired leukemia (33). This
problem may also be encountered in the immunotherapy of SCAs.
In view of the limited number of targeted antigens available at
present, only single antigens can be used for CAR-T preparation,
which further increases the probability of antigen escape and
reduces the anti-tumor effectiveness of drugs, while the existence
of tumor heterogeneity makes this problem more prominent. It is
no exaggeration to say that the task offindingmore specific targets is
urgent so as to include effective and safe immunotherapy.

How to improve the targeted drug’s ability to cross the BSCB,
so as to better reach the lesion to improve efficacy, is a question
that future research should consider. Methods to improve the
penetration of drugs through the blood-brain barrier (BBB) can
be used for reference. A potential approach would the use of
nanoparticle systems that can co-opt existing signaling pathways
(47). Physically breaching the BBB may be another approach, for
example, by reversibly doing so using pulsed ultrasonic sound
waves; this is already an option clinically available for glioma
treatment (48). The BSCB exerts roughly similar functions as
BBB, but there is evidence that the interface between the blood
circulation and CNS is not evenly distributed along the entire
neural axis (49, 50); thus, whether these methods can be directly
applied to BSCB, or modified according to the specific
characteristics of the BSCB, using biological engineering
technology so as to improve the bioavailability of effective
drugs to penetrate BSCB required investigation.

It remains to be seen whether the drugs used for immunotherapy
cause potential damage to the CNS. Unlike other organs, the CNS
cannot tolerate even minimal autoimmune responses (51). There is
a lack of data and analysis on the long-term effects of
immunotherapy, and the results remain unknown. In the current
model, no significant CNS adverse events have been reported for
CAR and therapeutic vaccine therapy. However, the potential
damage to patients from immunotherapy is inestimable due to
differences between the mouse model and humans. At the same
time, given that patients with primary CNS tumors may have a
different disease burden than patients with leukemia secondary CNS
diseases, the risk of potential neurotoxicity in the SCA population
may be higher (25). The question of how to monitor the response of
SCAs also needs to be addressed.

Lastly, how to obtain enough peptides to antigen-presenting
cells (APCs) and the subsequent immune response cascade will
be a major challenge for peptide vaccines in the future (52). The
CNS had been considered an immunologically privileged site for
a long time (52). However, according to existing studies, a series
Frontiers in Immunology | www.frontiersin.org 5
of unique immune characteristics exist in CNS, including the
natural expression of immunosuppressant factors such as
transforming growth factor (TGF) and IL-10, low expression
of MHCs, lack of effective APCs, and the presence of the BBB
and the BSCB. Although T cells and antibodies can be exposed
to CNS antigens in gliomas, the lack of adequate APCs in
the spinal TME may affect the effectiveness of some
immunotherapies, including vaccines (52). Increasing APCs
recruitment at injection sites has been explored through a
variety of adjuvants; in addition, designing continuous APCs
recruitment before and during vaccination may have good
therapeutic potential.

The application of immunotherapy to SCAs presents many
unique challenges, in particular how to monitor responses and
the effects of treatment on the spinal cord. We hope that future
development in immunotherapy will allow improved anti-tumor
efficacy of highly malignant SCAs. As a result, the question of
how to combine this new treatment with traditional therapies
will become increasingly important.
CONCLUSION

High-grade SCAs is an aggressive tumor with malignant
biological behavior; it is more common in adolescents and
children and has a very poor prognosis. Due to its lower
incidence than brain glioma and invasive growth, the survival
rates of these patients have not been significantly improved even
with currently available standard treatment. Immunotherapy is
considered as a promising approach due to the cytotoxic
potential of the immune system and the precision of molecular
guidance (53). However, while immunotherapy has shown
promising results in other cancers, little progress has been
made in tumors of the CNS, including brain gliomas and
SCAs. In the future, immunotherapy of SCAs will need to take
into consideration the penetration of the BSCB, the escape
mechanism of immune antigens, the lack of known specific
targets, the neurotoxicity of the drug to the normal spinal cord
structures, and the ability to enhance the local immune response.
Researchers need to combine more advanced technology with
multi-center collaborations to further expand the sample size to
better understand the microenvironmental and biological
characteristics of high-grade SCAs, and to use this information
to develop combinations of multiple immunotherapies as a
meaningful therapy, able to overcome poor clinical results in
this subgroup (25).
AUTHOR CONTRIBUTIONS

JH and TL: manuscript preparation and wrote the main part of the
manuscript. ST: wrote parts of the manuscript and manuscript
editing. BH and GH: helped to perform the analysis with
constructive discussions. YX: critically reviewed the manuscript
and gave many professional suggestions. All authors contributed
to the article and approved the submitted version.
February 2021 | Volume 11 | Article 582828

https://www.frontiersin.org/journals/immunology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles


Hu et al. Immunotherapy in High-Grade Spinal Cord Astrocytomas
REFERENCES

1. Tobin MK, Geraghty JR, Engelhard HH, Linninger AA, Mehta AI.
Intramedullary spinal cord tumors: a review of current and future
treatment strategies. Neurosurg Focus (2015) 39(2):E14. doi: 10.3171/
2015.5.FOCUS15158

2. Louis DN, Perry A, Reifenberger G, von Deimling A, Figarella-Branger D,
Cavenee WK, et al. The 2016 World Health Organization Classification of
Tumors of the Central Nervous System: a summary. Acta Neuropathol (2016)
131(6):803–20. doi: 10.1007/s00401-016-1545-1

3. Banan R, Hartmann C. The new WHO 2016 classification of brain tumors-
what neurosurgeons need to know. Acta Neurochir (Wien) (2017) 159
(3):403–18. doi: 10.1007/s00701-016-3062-3

4. Raco A, Esposito V, Lenzi J, Piccirilli M, Delfini R, Cantore G. Long-term
follow-up of intramedullary spinal cord tumors: a series of 202 cases.
Neurosurgery (2005) 56(5):972–81.

5. Klekamp J. Treatment of intramedullary tumors: analysis of surgical
morbidity and long-term results. J Neurosurg Spine (2013) 19(1):12–26. doi:
10.3171/2013.3.SPINE121063

6. Chamberlain MC, Tredway TL. Adult primary intradural spinal cord tumors:
a review. Curr Neurol Neurosci Rep (2011) 11(3):320–8. doi: 10.1007/s11910-
011-0190-2

7. Wu T, Dai Y. Tumor microenvironment and therapeutic response. Cancer
Lett (2017) 387:61–8. doi: 10.1016/j.canlet.2016.01.043

8. Ellis JA, Castelli M, Assanah M, Bruce JN, Canoll P, Ogden AT. Unique
microenvironmental responses to PDGF stimulation in brain and spinal cord
gliomas determine tumor phenotype. J Neurooncol (2015) 123(1):27–33. doi:
10.1007/s11060-015-1769-2

9. Bahney J, von Bartheld CS. The Cellular Composition and Glia-Neuron
Ratio in the Spinal Cord of a Human and a Nonhuman Primate: Comparison
With Other Species and Brain Regions. Anat Rec (Hoboken) (2018) 301
(4):697–710. doi: 10.1002/ar.23728

10. Chen Z, Hambardzumyan D. Immune Microenvironment in Glioblastoma
Subtypes. Front Immunol (2018) 9:1004. doi: 10.3389/fimmu.2018.01004

11. Jha P, Manjunath N, Singh J, Mani K, Garg A, Kaur K, et al. Analysis of PD-L1
expression and T cell infiltration in different molecular subgroups of diffuse
midline gliomas. Neuropathology (2019) 39(6):413–24. doi: 10.1111/neup.12594

12. Shankar GM, Lelic N, Gill CM, Thorner AR, Van Hummelen P, Wisoff JH,
et al. BRAF alteration status and the histone H3F3A gene K27M mutation
segregate spinal cord astrocytoma histology. Acta Neuropathol (2016) 131
(1):147–50. doi: 10.1007/s00401-015-1492-2

13. Schindler G, Capper D, Meyer J, Janzarik W, Omran H, Herold-Mende C,
et al. Analysis of BRAF V600E mutation in 1,320 nervous system tumors
reveals high mutation frequencies in pleomorphic xanthoastrocytoma,
ganglioglioma and extra-cerebellar pilocytic astrocytoma. Acta Neuropathol
(2011) 121(3):397–405. doi: 10.1007/s00401-011-0802-6

14. Gessi M, Gielen GH, Dreschmann V, Waha A, Pietsch T. High frequency of
H3F3A (K27M) mutations characterizes pediatric and adult high-grade
gliomas of the spinal cord. Acta Neuropathol (2015) 130(3):435–7. doi:
10.1007/s00401-015-1463-7

15. Aihara K, Mukasa A, Gotoh K, Saito K, Nagae G, Tsuji S, et al. H3F3A K27M
mutations in thalamic gliomas from young adult patients. Neuro Oncol (2014)
16(1):140–6. doi: 10.1093/neuonc/not144

16. Solomon DA, Wood MD, Tihan T, Bollen AW, Gupta N, Phillips JJJ, et al.
Diffuse Midline Gliomas with Histone H3-K27MMutation: A Series of 47 Cases
Assessing the Spectrum of Morphologic Variation and Associated Genetic
Alterations. Brain Pathol (2016) 26(5):569–80. doi: 10.1111/bpa.12336

17. Chai R, Zhang Y, Liu Y, Chang Y, Pang B, Jiang T, et al. The molecular
characteristics of spinal cord gliomas with or without H3 K27M mutation.
Acta Neuropathol Commun (2020) 8(1):40. doi: 10.1186/s40478-020-00913-w

18. Alvi MA, Ida CM, Paolini MA, Kerezoudis P, Meyer J, Barr Fritcher EG, et al.
Spinal cord high-grade infiltrating gliomas in adults: clinico-pathological and
molecular evaluation.Mod Pathol (2019) 32(9):1236–43. doi: 10.1038/s41379-
019-0271-3

19. Walker C, Baborie A, Crooks D, Wilkins S, Jenkinson MD. Biology, genetics
and imaging of glial cell tumours. Br J Radiol (2011) 84 Spec No 2(Spec Iss 2):
S90–S106. doi: 10.1259/bjr/23430927
Frontiers in Immunology | www.frontiersin.org 6
20. England B, Huang T, Karsy M. Current understanding of the role and
targeting of tumor suppressor p53 in glioblastoma multiforme. Tumour Biol
(2013) 34(4):2063–74. doi: 10.1007/s13277-013-0871-3

21. Johnson A, Severson E, Gay L, Vergilio J, Elvin J, Suh J, et al. Comprehensive
Genomic Profiling of 282 Pediatric Low- and High-Grade Gliomas Reveals
Genomic Drivers, Tumor Mutational Burden, and Hypermutation Signatures.
Oncologist (2017) 22(12):1478–90. doi: 10.1634/theoncologist.2017-0242

22. Shows J, Marshall C, Perry A, Kleinschmidt-DeMasters BK. Genetics of
Glioblastomas in Rare Anatomical Locations: Spinal Cord and Optic Nerve.
Brain Pathol (2016) 26(1):120–3. doi: 10.1111/bpa.12327

23. Nagaishi M, Nobusawa S, Yokoo H, Sugiura Y, Tsuda K, Tanaka Y, et al.
Genetic mutations in high grade gliomas of the adult spinal cord. Brain Tumor
Pathol (2016) 33(4):267–9. doi: 10.1007/s10014-016-0263-7

24. Sturm D, Witt H, Hovestadt V, Khuong-Quang D, Jones DTW, Konermann C,
et al. Hotspot mutations in H3F3A and IDH1 define distinct epigenetic and
biological subgroups of glioblastoma. Cancer Cell (2012) 22(4):425–37.
doi: 10.1016/j.ccr.2012.08.024

25. Wang SS, Bandopadhayay P, Jenkins MR. Towards Immunotherapy for
Pediatric Brain Tumors. Trends Immunol (2019) 40(8):748–61. doi:
10.1016/j.it.2019.05.009

26. Garber ST, Hashimoto Y, Weathers S, Xiu J, Gatalica Z, Verhaak RGW, et al.
Immune checkpoint blockade as a potential therapeutic target: surveying CNS
malignancies. Neuro Oncol (2016) 18(10):1357–66. doi: 10.1093/neuonc/
now132

27. Reardon DA, Gokhale PC, Klein SR, Ligon KL, Rodig SJ, Ramkissoon SH,
et al. Glioblastoma Eradication Following Immune Checkpoint Blockade in an
Orthotopic, Immunocompetent Model. Cancer Immunol Res (2016) 4(2):124–
35. doi: 10.1158/2326-6066.CIR-15-0151

28. Weller M, Cloughesy T, Perry JR, Wick W. Standards of care for treatment of
recurrent glioblastoma–are we there yet? Neuro Oncol (2013) 15(1):4–27. doi:
10.1093/neuonc/nos273

29. Cloughesy TF, Mochizuki AY, Orpilla JR, Hugo W, Lee AH, Davidson TB,
et al. Neoadjuvant anti-PD-1 immunotherapy promotes a survival benefit
with intratumoral and systemic immune responses in recurrent glioblastoma.
Nat Med (2019) 25(3):477–86. doi: 10.1038/s41591-018-0337-7

30. June CH, Sadelain M. Chimeric Antigen Receptor Therapy. N Engl J Med
(2018) 379(1):64–73. doi: 10.1056/NEJMra1706169

31. Kwok D, Okada H. T-Cell based therapies for overcoming neuroanatomical
and immunosuppressive challenges within the glioma microenvironment.
J Neurooncol (2020) 147:281–95. doi: 10.1007/s11060-020-03450-7

32. Gross G, Waks T, Eshhar Z. Expression of immunoglobulin-T-cell receptor
chimeric molecules as functional receptors with antibody-type specificity.
Proc Natl Acad Sci USA (1989) 86(24):10024–8. doi: 10.1073/pnas.86.24.
10024

33. Maude SL, Frey N, Shaw PA, Aplenc R, Barrett DM, Bunin NJ, et al. Chimeric
antigen receptor T cells for sustained remissions in leukemia. N Engl J Med
(2014) 371(16):1507–17. doi: 10.1056/NEJMoa1407222; Erratum in: N Engl J
Med (2016) 374(10):998.

34. Ahmed N, Brawley V, Hegde M, Bielamowicz K, Kalra M, Landi D, et al.
HER2-Specific Chimeric Antigen Receptor-Modified Virus-Specific T Cells
for Progressive Glioblastoma: A Phase 1 Dose-Escalation Trial. JAMA Oncol
(2017) 3(8):1094–101. doi: 10.1001/jamaoncol.2017.0184

35. O’Rourke DM, Nasrallah MP, Desai A, Melenhorst JJ, Mansfield K,
Morrissette JJD, et al. A single dose of peripherally infused EGFRvIII-
directed CAR T cells mediates antigen loss and induces adaptive resistance
in patients with recurrent glioblastoma. Sci Transl Med (2017) 9(399):
eaaa0984. doi: 10.1126/scitranslmed.aaa0984

36. Goff SL, Morgan RA, Yang JC, Sherry RM, Robbins PF, Restifo NP, et al. Pilot
Trial of Adoptive Transfer of Chimeric Antigen Receptor-transduced T Cells
Targeting EGFRvIII in Patients With Glioblastoma. J Immunother (2019) 42
(4):126–35. doi: 10.1097/CJI.0000000000000260

37. Brown CE, Alizadeh D, Starr R, Weng L, Wagner JR, Naranjo A, et al.
Regression of Glioblastoma after Chimeric Antigen Receptor T-Cell Therapy.
(2016) 2561–9. doi: 10.1056/NEJMoa1610497

38. Chow KKH, Naik S, Kakarla S, Brawley VS, Shaffer DR, Yi Z, et al. T cells
redirected to EphA2 for the immunotherapy of glioblastoma.Mol Ther (2013)
21(3):629–37. doi: 10.1038/mt.2012.210
February 2021 | Volume 11 | Article 582828

https://doi.org/10.3171/2015.5.FOCUS15158
https://doi.org/10.3171/2015.5.FOCUS15158
https://doi.org/10.1007/s00401-016-1545-1
https://doi.org/10.1007/s00701-016-3062-3
https://doi.org/10.3171/2013.3.SPINE121063
https://doi.org/10.1007/s11910-011-0190-2
https://doi.org/10.1007/s11910-011-0190-2
https://doi.org/10.1016/j.canlet.2016.01.043
https://doi.org/10.1007/s11060-015-1769-2
https://doi.org/10.1002/ar.23728
https://doi.org/10.3389/fimmu.2018.01004
https://doi.org/10.1111/neup.12594
https://doi.org/10.1007/s00401-015-1492-2
https://doi.org/10.1007/s00401-011-0802-6
https://doi.org/10.1007/s00401-015-1463-7
https://doi.org/10.1093/neuonc/not144
https://doi.org/10.1111/bpa.12336
https://doi.org/10.1186/s40478-020-00913-w
https://doi.org/10.1038/s41379-019-0271-3
https://doi.org/10.1038/s41379-019-0271-3
https://doi.org/10.1259/bjr/23430927
https://doi.org/10.1007/s13277-013-0871-3
https://doi.org/10.1634/theoncologist.2017-0242
https://doi.org/10.1111/bpa.12327
https://doi.org/10.1007/s10014-016-0263-7
https://doi.org/10.1016/j.ccr.2012.08.024
https://doi.org/10.1016/j.it.2019.05.009
https://doi.org/10.1093/neuonc/now132
https://doi.org/10.1093/neuonc/now132
https://doi.org/10.1158/2326-6066.CIR-15-0151
https://doi.org/10.1093/neuonc/nos273
https://doi.org/10.1038/s41591-018-0337-7
https://doi.org/10.1056/NEJMra1706169
https://doi.org/10.1007/s11060-020-03450-7
https://doi.org/10.1073/pnas.86.24.10024
https://doi.org/10.1073/pnas.86.24.10024
https://doi.org/10.1056/NEJMoa1407222
https://doi.org/10.1001/jamaoncol.2017.0184
https://doi.org/10.1126/scitranslmed.aaa0984
https://doi.org/10.1097/CJI.0000000000000260
https://doi.org/10.1056/NEJMoa1610497
https://doi.org/10.1038/mt.2012.210
https://www.frontiersin.org/journals/immunology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles


Hu et al. Immunotherapy in High-Grade Spinal Cord Astrocytomas
39. Mount CW, Majzner RG, Sundaresh S, Arnold EP, Kadapakkam M, Haile S,
et al. Potent antitumor efficacy of anti-GD2 CAR T cells in H3-K27M diffuse
midline gliomas. Nat Med (2018) 24(5):572–9. doi: 10.1038/s41591-018-0006-x

40. Sampson JH, Gunn MD, Fecci PE, Ashley DM. Brain immunology and
immunotherapy in brain tumours. Nat Rev Cancer (2020) 20(1):12–25. doi:
10.1038/s41568-019-0224-7

41. Wong KK, Li WA, Mooney DJ, Dranoff G. Advances in Therapeutic Cancer
Vaccines. Adv Immunol (2016) 130:191–249. doi: 10.1016/bs.ai.2015.12.001

42. Ochs K, Ott M, Bunse T, Sahm F, Bunse L, Deumelandt K, et al. K27M-
mutant histone-3 as a novel target for glioma immunotherapy.
Oncoimmunology (2017) 6(7):e1328340. doi: 10.1080/2162402X.2017.
1328340

43. Chheda ZS, Kohanbash G, Okada K, Jahan N, Sidney J, Pecoraro M, et al. Novel
and shared neoantigen derived from histone 3 variant H3.3K27M mutation for
glioma T cell therapy. J ExpMed (2018) 215(1):141–57. doi: 10.1084/jem.20171046

44. Abd-El-Barr MM, Huang KT, Moses ZB, Iorgulescu JB, Chi JH. Recent advances
in intradural spinal tumors. Neuro Oncol (2018) 20(6):729–42. doi: 10.1093/
neuonc/nox230

45. Khuong-Quang D, Buczkowicz P, Rakopoulos P, Liu X, Fontebasso AM,
Bouffet E, et al. K27M mutation in histone H3.3 defines clinically and
biologically distinct subgroups of pediatric diffuse intrinsic pontine gliomas.
Acta Neuropathol (2012) 124(3):439–47. doi: 10.1007/s00401-012-0998-0

46. Vinci M, Burford A, Molinari V, Kessler K, Popov S, Clarke M, et al.
Functional diversity and cooperativity between subclonal populations of
pediatric glioblastoma and diffuse intrinsic pontine glioma cells. Nat Med
(2018) 24(8):1204–15. doi: 10.1038/s41591-018-0086-7

47. von Maltzahn G, Park J, Lin KY, Singh N, Schwöppe C, Mesters R, et al.
Nanoparticles that communicate in vivo to amplify tumour targeting. Nat
Mater (2011) 10(7):545–52. doi: 10.1038/nmat3049
Frontiers in Immunology | www.frontiersin.org 7
48. Carpentier A, Canney M, Vignot A, Reina V, Beccaria K, Horodyckid C, et al.
Clinical trial of blood-brain barrier disruption by pulsed ultrasound. Sci Transl
Med (2016) 8(343):342r–3r. doi: 10.1186/2050-5736-3-S1-O14

49. Bartanusz V, Jezova D, Alajajian B, Digicaylioglu M. The blood-spinal cord
barrier: morphology and clinical implications. Ann Neurol (2011) 70(2):194–
206. doi: 10.1002/ana.22421

50. Wilhelm I, Nyúl-Tóth Á, Suciu M, Hermenean A, Krizbai IA. Heterogeneity
of the blood-brain barrier. Tissue Barriers (2016) 4(1):e1143544. doi: 10.1080/
21688370.2016.1143544

51. Lyon JG, Mokarram N, Saxena T, Carroll SL, Bellamkonda RV. Engineering
challenges for brain tumor immunotherapy. Adv Drug Deliv Rev (2017)
114:19–32. doi: 10.1016/j.addr.2017.06.006

52. Weathers S, Gilbert MR. Current challenges in designing GBM trials for
immunotherapy. J Neurooncol (2015) 123(3):331–7. doi: 10.1007/s11060-015-
1716-2

53. Swartz AM, Shen SH, Salgado MA, Congdon KL, Sanchez-Perez L. Promising
vaccines for treating glioblastoma. Expert Opin Biol Ther (2018) 18(11):1159–
70. doi: 10.1080/14712598.2018.1531846

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.

Copyright © 2021 Hu, Liu, Han, Tan, Guo and Xin. This is an open-access article
distributed under the terms of the Creative Commons Attribution License (CC BY).
The use, distribution or reproduction in other forums is permitted, provided the
original author(s) and the copyright owner(s) are credited and that the original
publication in this journal is cited, in accordance with accepted academic practice. No
use, distribution or reproduction is permitted which does not comply with these terms.
February 2021 | Volume 11 | Article 582828

https://doi.org/10.1038/s41591-018-0006-x
https://doi.org/10.1038/s41568-019-0224-7
https://doi.org/10.1016/bs.ai.2015.12.001
https://doi.org/10.1080/2162402X.2017.1328340
https://doi.org/10.1080/2162402X.2017.1328340
https://doi.org/10.1084/jem.20171046
https://doi.org/10.1093/neuonc/nox230
https://doi.org/10.1093/neuonc/nox230
https://doi.org/10.1007/s00401-012-0998-0
https://doi.org/10.1038/s41591-018-0086-7
https://doi.org/10.1038/nmat3049
https://doi.org/10.1186/2050-5736-3-S1-O14
https://doi.org/10.1002/ana.22421
https://doi.org/10.1080/21688370.2016.1143544
https://doi.org/10.1080/21688370.2016.1143544
https://doi.org/10.1016/j.addr.2017.06.006
https://doi.org/10.1007/s11060-015-1716-2
https://doi.org/10.1007/s11060-015-1716-2
https://doi.org/10.1080/14712598.2018.1531846
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/immunology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles

	Immunotherapy: A Potential Approach for High-Grade Spinal Cord Astrocytomas
	Introduction and Current Management of Spinal Cord Astrocytomas
	Spinal Cord Microenvironment and Its Impact on Tumor Biology
	Molecular Biology of Spinal Cord Astrocytomas
	H3K27M
	Immunotherapy: A Potential Approach for High-Grade SCAs
	Immune Checkpoint Inhibitors
	CAR-T Cell Therapy
	Therapeutic Vaccines Therapy
	Discussion
	Conclusion
	Author Contributions
	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 /LeaveColorUnchanged
  /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 true
  /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 true
  /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 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 ()
  /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


