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AUTHOR'S VIEW

Neuroblastoma-related inflammation
May small doses of aspirin be suitable for small cancer

patients?
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The daily intake of low-dose aspirin lowers the risk of several cancers among the adults. The continuous administration of
low-dose aspirin to TH-MYCN mice (a model of pediatric neuroblastoma) delays tumor outgrowth and decreases tumor-
promoting inflammation by inhibiting regulatory cells of the innate immune system as well as immunosuppressive
mediators such as transforming growth factor g (TGF@) and thromboxane A,. These findings pave novel avenues for the
clinical management of neuroblastoma.

Developing neoplasms elicit inflamma-
tory responses that can become chronic
and be harnessed by malignant cells,
eventually translating into cancer-related
inflammation.! Inflammation contrib-
utes to tumor progression by disabling
immunosurveillance, by
angiogenesis and by providing neoplastic
cells with growth factors. As such, cancer-

stimulating

related inflammation constitutes a poten-
tial therapeutic target, a concept that
has already been intensively investigates.
Recent studies have revealed that the daily
intake of low doses of aspirin reduce the
incidence of several cancers of the adult,
including breast, prostate and colon car-
cinoma.*? Aspirin irreversibly inactivates
cyclooxygenase 1 (COX1) (and to a lower
extent COX2), in turn affecting the
production of arachidonic acid-derived
inflammatory mediators such as the
prostaglandins (PGs) and thromboxanes
(TXs) (Fig. 1). The anticancer effects of
aspirin have been suggested to depend
on the inhibition of platelet activation,
directly stemming from a reduction in

TXA, levels. This would be paralleled by

a reduction in the metastatic potential of
cancer cells and in the levels of COX2, by
angiogenesis inhibition as well as by the
attenuation of pro-inflammatory path-
ways involving, among several mediators,
PGE,.* Previous studies have not inves-
tigated the precise composition of the
tumor microenvironment in response to
low-dose aspirin.

In comparison to adult cancers, little
is known about pediatric neoplasms in
terms of cancer-related inflammation.
Neuroblastoma, a malignant embryonic
tumor of the sympathetic nervous system,
affects 10.5 out of 10° children below 15
y of age, and is the most common tumor
among infants, exhibiting a large spec-
trum of clinical behaviors. Improving the
long-term survival or patients affected by
high-risk neuroblastoma remains a chal-
lenge, even though an immunotherapeutic
protocol based on GD2-specific mono-
clonal antibodies has successfully been
introduced in the clinical practice a few
years ago.” The tumor microenvironment
has been shown to significantly influence
the clinical response to immunotherapy
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of several distinct cancer. In particular,
cancer-related inflammation is expected
the
immunotherapy.

COX2, which is involved in the produc-
tion of pro-inflammatory prostaglandins,

to  hamper clinical efficacy of

has previously been shown to be expressed
by neuroblastoma cells and to constitute
a therapeutic target in this setting” We
have recently characterized in qualitative
and quantitative terms the inflammatory
response that accompany the development
of aggressive neuroblastomas in transgenic
TH-MYCN mice, addressing the question
whether oncogenesis and tumor progres-
sion would be stimulated by cancer-related
inflammation also in a pediatric setting.®
In this model, which is appreciated for its
similarities with human neuroblastoma, all
mice homozygous for the MYCN transgene
develop palpable aggressive intraabdominal
tumors at a median age of 5.4 weeks.”

We documented a striking evolution
in the composition of hematopoietic cells
infiltrating TH-MYCN-driven neuroblas-
tomas. Indeed, while in early lesions effec-
tors of the adaptive immune system such
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Figure 1. Immunological mechanisms underlying the antineoplastic effects of low-dose aspirin. By inactivating cyclooxygenase 1 (COX1) in platelets
and/or tumor cells, the conversion of arachidonic acid into thromboxane A, (TXA,) and prostaglandin D, (PGD,) is reduced, leading to a decrease in
the number of immature immune cells—including immature dendritic cells (iDCs), myeloid-derived suppressor cells (MDSCs) and tumor-associated
macrophages (TAMs)—that infiltrate neoplastic lesions, as well as in the expression of immunosuppressive mediators, such as transforming growth
factor B (TGFB). Ultimately, such immunomodulatory effects limit tumor growth, suggesting that low-dose aspirin might be successfully employed in
combinatorial regimens to improve the therapeutic efficacy of immunotherapy.

as CD8* T lymphocytes prevailed, during
tumor progression these cells were progres-
sively outnumbered by cells of the innate
immune system such as myeloid-derived
suppressor cells (MDSCs), dendritic cells
(DCs) and tumor-associated macrophages
(TAMs). Along with tumor progression,
DCs and TAMs acquired a phenotype
resembling that of immunosuppressive
(and hence tumor-promoting) immature
DCs and M2 TAMs, exhibiting a reduced
expression of MHC Class II molecules
(DCs, TAMs) and an elevated expression
of the mannose receptor CD206 (TAMs).

Driven by the observation that an
inflammatory  response  accompanies
tumor progression in this model, we inves-
tigated the cyclooxygenase/prostaglandin
axis, finding that COX1 is expressed
by lesions of all stage. Consequently,
we administered low doses of aspirin

€24658-2

(10 mg/kg, corresponding to 60 mg for an
adult human, when translated using body
surface area) to homozygous mice once
daily for ten days, starting at the age of
4.5 weeks. Aspirin-treated mice presented
with a significantly reduced tumor burden
at sacrifice, and the intratumoral hemato-
poietic compartment of these animals was
significantly deprived of innate immune
cells. Along similar lines, low-dose aspirin
reduced the expression of immunosup-
pressive mediators such as transforming
growth factor B (TGEFB). When assessing
COX metabolites, we found that low-dose
aspirin significantly decreased the intra-
tumoral levels of both TXA, and PGD,
(Fig. 1).

Our data provide novel insights into
cancer-related inflammation in pediat-
ric tumors, as exemplified by high-risk
neuroblastoma. Our study highlights the
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presence of cancer-related inflammation
in these tumors and its gradual deteriora-
tion toward a progressively more immu-
nosuppressive state, an unfavorable setting
for (immuno)therapy. In addition, our
findings elucidate the molecular and cel-
lular mechanisms whereby low-dose aspi-
rin exerts anticancer effects, as analyzed
ex vivo (Fig. 1). To our knowledge, ours
represents the first study investigating the
responses of the tumor microenvironment
to low-dose aspirin.

In addition, we have recently shown
that active T-cell responses prevail in
human neuroblastoma samples,® suggest-
ing that a least some degree of immuno-
surveillance persist in this setting. Other
studies have demonstrated the clinical
benefits of chimeric antigen receptor
(CAR)-expressing cells for neuroblas-
toma patients’ and, as mentioned above,
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an immunotherapeutic protocol based on
anti-GD2 antibodies has recently been
incorporated into the clinical routine.
Our findings suggest that low-dose aspirin
might be used as a standalone therapeu-
tic intervention in high-risk neuroblas-
toma patients. Moreover, mechanistic
data plead in favor of low-dose aspirin
as a measure to enhance the antineoplas-
tic effects of immunotherapy, suggesting
that a combinatorial approach might also

be beneficial. The addition of low-dose

aspirin to the current therapeutic regimen
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agents, and hence enhance response rates.
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In this context, it should be kept in mind
that the contribution of aspirin to Reye’s
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has been suggested and feared, but also
questioned."

In conclusion, further studies are war-
ranted on the possibility of using low-dose
aspirin in individuals affected by high-risk
neuroblastoma as well as on the hypothesis
that cancer-related inflammation would
represent a suitable therapeutic target for
pediatric cancer patients.
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