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Linking inflammation and cancer: the unexpected SYK
world
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Spleen tyrosine kinase (SYK) is a cytoplasmic nonreceptor
protein tyrosine kinase that plays a central role in mediat-
ing inflammatory responses by coupling immune receptors
to intracellular pathways.! SYK is mainly expressed in hem-
atopoietic cells, including B cells, macrophages, monocytes,
natural killer cells, mast cells, and neutrophils. The central
paradigm of immune cell signaling involves the recruitment
of SYK or ZAP70 (protein C-chain-associated protein kinase
of 70 kDa) to active immunoreceptors, such as Fc receptors,
B-cell receptors, and T-cell receptors, by binding to phospho-
rylated immunoreceptor tyrosine-based activation motifs."
Therefore, SYK and ZAP70 link the activation of immunore-
ceptors to signaling pathways involved in survival, prolifer-
ation, phagocytosis, and differentiation. SYKs tend to function
in concert with Src-family kinases which are upstream of SYK
activation.?

Besides SYK’s essential role in several human diseases,
including autoimmune diseases and allergies, it was also
reported to be involved in the pathogenesis of hematological
diseases. Specifically, SYK promoted the maintenance of
B-cell malignancies by preventing apoptosis and inducing pro-
liferation of pre-B cells, leading to their transformation. In add-
ition, published literature suggests that overexpression of SYK
might also contribute toT-cell lymphomas.’

The role of SYK in non-hematological diseases is still under
investigation, and controversial results have been reported.?
SYK expression is decreased in invasive breast carcinoma tis-
sue, and its reintroduction suppressed malignant growth and
metastases.* Although these data suggest a role for SYK as a
tumor suppressor in human breast carcinomas, it was found
to play an essential function in the murine mammary tumor
virus-mediated transformation.® In addition, SYK is involved in
the pro-oncogenic properties of Epstein—-Barr virus,® which is
strongly associated with nasopharyngeal carcinoma and in the
maintenance of retinoblastoma.”

Moncayo and colleagues investigated the role of SYK and
other related molecules in low- and high-grade gliomas.® Their
comprehensive study examined the relative expression of SYK,
the functional characteristics of the related pathway, and the
effects on the neoplastic phenotype.8 Unexpectedly, SYK is over-
expressed in the non-immune cells of gliomas, specifically in the
neoplastic glial cells of malignant gliomas and human pilocytic
astrocytomas. Furthermore, in vitro experiments demonstrated
that SYK promoted glioma cell proliferation and migration.®

As a consequence of the robust data illustrating the role of
SYK in oncogenesis and hematological cancer maintenance,
several SYK inhibitors have been developed and tested in pre-
clinical and clinical settings. Fostamatinib (R788), entospletinib
(GS-9973), cerdulatinib (PRT062070), and TAK-659 are in clin-
ical trials for patients with hematological malignancies. SYK
inhibition has shown promising results in patients with non-
Hodgkin lymphoma and leukemias.®'® A second generation
of more selective SYK inhibitors is in development, including
entospletinib (GS-9973), which has shown encouraging results
in clinical trials for patients with B-cell malignancies.®™

The pharmacological inhibition of SYK in preclinical glioma
models decreased tumorigenicity and moderately prolonged
survival.® Moreover, SYK inhibition led to modification of the
tumor microenvironment that resulted in less invasive tumors
and reduced the infiltration of CD19+ and CD11b+ cells in the
tumor.® Moncayo and colleagues performed a dynamic study
using multiphoton intravital microscopy to document the effect
of SYK inhibition in intracranial gliomas. These studies illus-
trated the role of SYK in glioma invasion and in leukocyte infil-
tration.8 Of note, genetic manipulation of SYK that jeopardized
the kinase activity of SYK (kinase domain mutations) significantly
increased survival, suggesting a limited efficacy of the tested
pharmacological agents and room for improvement. The effect
of SYK inhibitors in diminishing the recruitment of B cells into
the glioma microenvironment has important overtones for the
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Fig. 1 Schematic illustration of the role of SYK in gliomas. The
central model of immune cell signaling involves the recruitment
of SYK-family kinases to the active immunoreceptors in hemato-
logical cells. Moncayo and colleagues® reported that SYK is also
expressed in glioma cells and regulates several characteristics
of the neoplastic phenotype of these tumors. In addition, in vivo
experiments illustrated the involvement of SYK in modulating the
tumor microenvironment, with special emphasis on the recruit-
ment of B cells.

treatment of malignant brain tumors. If these immune cells
contribute necessary mechanisms for glioma growth, further
studies focused on deciphering these mechanisms should be
conducted (Figure 1).

A common drawback when utilizing pharmacological
small-molecule inhibitors is that the inhibitors may not
only target the molecule of interest, but have off-target
effects leading to unexplainable results. Thus, data from
clinical trials suggest that the first-generation SYK inhibi-
tor R788 targets not only SYK and several SYK-dependent
pathways, but also SYK-independent immune signaling
networks.” While off-target effects may be beneficial for
some types of heterogeneous cancers harboring several
oncogenic drivers, they might also be the cause of treat-
ment-related adverse events.” Current efforts are focused
on the development of more specific SYK inhibitors or on
inhibitors that target 2 kinases, such as cerdulatinib, which
targets SYK and Janus kinase, or on the combination of
SYK inhibitors with other therapeutic agents.®

In breast carcinoma, an alternative splicing of SYK jeop-
ardizes the nuclear localization of SYK, which is required
for its tumor suppressor function.” Of note, Moncayo and
collaborators described the nuclear localization of this kin-
ase in some of the specimens and cell lines examined.®
While several tyrosine kinases are reported to be directly
involved in epigenetic modifications when they traffic into
the nucleus, such as tunica interna endothelial cell kinase
2 and epidermal growth factor receptor,'>'3 the role of
nuclear SYK in gliomas remains to be elucidated.

Another aspect to consider when implementing SYK
inhibitors into clinical trials for patients with malignant
gliomas relates to its tissue-specific action, whether it func-
tions as a tumor suppressor or an oncogene. In this regard,

Editorial

the current body of literature suggests that in patients
suffering from glioblastoma and with a family history of
breast cancer or melanoma, the use of SYK inhibitors may
not be the optimal treatment. If administered, they should
be managed with a high degree of vigilance.
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