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The cytofluorometric analysis of dissociated tumor samples identified distinct immunophenotypes among the most
common variants of pediatric brain tumor. These findings suggest that immunotherapeutic regimens against pediatric
brain malignancies should be tailored to individual tumor types.

Tumor-infiltrating  leukocytes (TIL)
are a source of immune effector cells
that may be exploited for the treatment
of pediatric brain tumors. The immune
contexture underlying pediatric brain
tumors, however, has not been extensively
investigated. The majority of research on
the immune infiltrate of brain tumors
has been conducted in adult glioblastoma
(GBM),
immunosuppressed phenotype. Whether

identifying a predominantly

other malignancies of the brain and/or
GBMs from patients in other age groups
display a similar immunophenotype has
not been studied in detail. We recently
addressed this paucity of knowledge by
systematically characterizing the immu-
nophenotype of common pediatric brain
neoplasms, including GBM, pilocytic
astrocytoma (PA), ependymoma (EPN),
and medulloblastoma (MED), as well as
of material from pediatric patients with
non-malignant epilepsy.! The cytofluoro-
metric analysis of dissociated samples pro-
vided a comparative and semi-quantitative
measure of the phenotype, frequency,
and inferred functionality of infiltrating
leukocytes. This study identified distinct
immunophenotypes in different types
of pediatric brain malignancy (Fig. 1).
In addition, we demonstrated that the
immunosuppressive phenotype that nor-
mally characterizes adult GBMs does

not necessarily affect all pediatric brain
tumors. Specifically, PA and EPN, which

are relatively common in the pediatric
population, exhibited a significantly more
robust infiltration by myeloid and lym-
phoid cells than GBMs, MEDs and non-
malignant, epileptic brains. Additionally,
PAs and EPNs displayed a classically acti-
vated myeloid cell-skewed functional phe-
notype, as denoted by the expression of
HLA-DR and CD64. In contrast, GBMs
and MEDs contained reduced amounts
of myeloid cells, in thus far resembling
non-malignant brain tissues from epilep-
tic patients. As compared with PAs and
EPNs, GBMs and MEDs exhibited an
immunosuppressive myeloid phenotype,
characterized by a relatively high pro-
portion of the M2 macrophage markers
CD163 and CD206 (Fig. 1A). Although
the expression of functional T-cell markers
was relatively homogeneous across distinct
pediatric brain neoplasms, the relative fre-
quency of tumor-infiltrating T-cells was
significantly higher in PAs and EPNs than
in GBMs, MEDs and brain tissues from
epileptic patients (Fig. 1B). The differen-
tial immunophenotype of pediatric brain
tumors has major implications for both
passive and active immunotherapy, which
should be carefully considered for the
development of clinical immunotherapeu-
tic approaches against these malignancies.

Passive immunotherapeutic approaches
are currently dominated by anticancer
antibodies. Antibody-based cancer thera-
pies have been established over the past
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15 y and are now one of the most success-
ful and important strategies for the treat-
ment of patients with hemarological and
solid malignancies. The success of anti-
body-based immunotherapy against pedi-
atric cancers was recently demonstrated in
a Phase III clinical trial testing the effi-
cacy of GD2 ganglioside-targeting anti-
bodies in neuroblastoma patients.? The
antineoplastic activity of antibodies can
result from a direct action on malignant
cells (for instance, through the inhibi-
tion of key receptors) or from the activa-
tion of antibody-dependent cell-mediated
cytotoxicity (ADCC). ADCC is consid-
ered the dominant mechanism-of-action
of multiple therapeutic antibodies and
relies on the engagement of Fcy recep-
tors expressed by immune effector cells.?
Our work is particularly pertinent to this
mechanism, identifying the abundant
expression of the Fcy receptor CD64 on
the majority of myeloid cells infiltrating
PAs, EPNs, and GBMs. CD64 expression
levels have previously been correlated with
improved disease outcome among EPN
patients in a gene expression microarray
study. The levels of CD64 expression by
the immune cells that infiltrate brain neo-
plasms, however, had not previously been
appreciated, at least in part due to techni-
cal limitations. Indeed, CD64 cannot be
measured by immunohistochemistry on
formalin-fixed paraffin-embedded mate-

rial. The finding that PA-, EPN-, and
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for such  immunotherapeutic
approaches. Conversely, the immu-
nosuppressed  microenvironment
of MEDs may be less favorable for
adoptive T-cell therapy and anti-
cancer vaccines. Such an inference
is supported by the preliminary
results of a clinical trial testing den-
dritic cell-based vaccines in pediat-
ric patients with brain tumors. In
this context, glial malignancies
responded more favorably to vac-
cination than MEDs and primi-
tive neuroectodermal tumors.® A
number of strategies to reprogram
the tumor immunophenotype by
depleting immunosuppressive cell
populations has been shown to
provide clinical benefits to patients
affected by a variety of tumors.
Recent clinical successes in this
direction include the use of anti-
bodies that block immunosup-
pressive receptors such as cytotoxic
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T lymphocyte-associated protein
4 (CTLA4) or programmed cell
death 1 (PDCDI, best known as
PD-1) in melanoma patients.”"
These approaches may be more
appropriate for GBM and MED

patients, as the microenvironment

of these malignancies appears to

be skewed toward an immunosup-

Figure 1. Distinct profiles of myeloid cells and T lymphocytes are found in pediatric brain tumors. (A and B)
Multicolor flow cytometry was used to measure the extent and functional phenotype of myeloid cells
infiltrating the non-malignant brain (NT), obtained from epilepsy resections, as well as pilocytic astrocy-
tomas (PAs), ependymomas (EPNs), glioblastomas (GBMs) and medulloblastomas (MEDs), obtained from
the surgical resection of primary neoplasms in pediatric patients. The relative amount of tumor-infiltrating
CD45*CD11b* myeloid cells (A), CD3*CD8* cytotoxic T cells (B) and CD3*CD4* helper T cells (B) is illustrated.
Black columns indicate values that were significantly different as compared with NT samples (P < 0.05). Pie
charts represent the proportion of tumor-infiltrating myeloid cells (A) and T cells (B) that express the indi-
cated immunophenotypic markers of activation (in blue) or immature state/immunosuppression (in red).

pressive phenotype.

In conclusion, our results con-
firm the importance of perform-
ing an in-depth characterization of
the immunophenotype of pediatric
brain tumors, and emphasize that
we should not assume that all these

GBM:-infiltrating myeloid cells are primed
for ADCC is therefore novel, suggesting
that these tumors may respond favorably
to antibody-based immunotherapy.

TILs represent a source of effector
T cells that presumably have been selected
for their ability to recognize and respond
to specific tumor-associated antigens. The
adoptive transfer of tumor-infiltrating
autologous T cells expanded ex vivo has
provided the best results in malignant
melanoma patients, inducing objective
response rates as high as 50% in some
patient subsets.” The relatively abundant
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cell infilcration of PAs and EPNs by
T cells might facilitate the use of adop-
tive immunotherapy in patients affected
by these tumor types. Although the
majority of clinical trials testing adoptive
T-cell transfer and anticancer vaccines in
patients with brain malignancies involves
adult GBM, a growing number of studies
that enroll pediatric patients with tumors
other than GBM is being initiated.®®
Based on our findings, the relatively active
immune contexture of PAs and EPNs
would, at least theoretically, provide a
relatively permissive microenvironment
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malignancies display an immu-
nophenotypic similarity to adult
GBMs. The success of immunotherapy in
pediatric neuro-oncology is likely to rely
on approaches that are tailored to differ-
ent tumor types. It is even possible that
distinct molecular subtypes of particular
tumors (4 have been identified for MED,
just to cite an example) may require dif-
ferent immunotherapeutic approaches, a
hypothesis that is currently under investi-
gation in our laboratory.
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