KIT D816V and the cytokine storm in mastocytosis: production and role of interleukin-6
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ast cell disorders (mastocytosis) are a hemato-
Mlogio neoplasm defined by abnormal expansion

and dense accumulation of clonally altered mast
cells in various organ systems.'” The disease exhibits a
complex pathology and an equally complex pattern of
clinical presentations.”® The classification of the World
Health Organization (WHO) splits mast cell disorders into
cutaneous entities, systemic variants, and localized mast
cell tumors.* In more than 80% of all cases with systemic
mastocytosis (SM), a somatic point mutation in KIT at
codon 816 is detected.*® Whereas patients with indolent
forms of the disease have a normal or close-to-normal life
expectancy, patients with advanced mast cell neoplasms,
including aggressive SM (ASM) and mast cell leukemia
(MCL), have an unfavorable prognosis with clearly
reduced survival times.”” In a majority of these patients,
multiple somatic mutations and/or an associated hemato-
logic neoplasm, such as a myeloid leukemia, can be
detected. Regardless of the category of mastocytosis and
the serum tryptase level, patients with mast cell disorders
may suffer from (more or less severe) mediator-related
symptoms and/or osteopathy.”® Depending on co-mor-
bidities, the symptoms in such patients require anti-medi-
ator-type therapy and may be mild, more severe, or even
life-threatening.’

A number of different mediators and cytokines are pro-
duced by mast cells and are involved in the clinical symp-
toms and pathological features that can be recorded in
patients with mastocytosis.””> Histamine is considered
one of the most relevant mediators released from activat-
ed mast cells in patients with mastocytosis."” In fact,
many of the symptoms reported by patients with SM can
be kept under control by applying histamine receptor
(HR)1 and HR2-targeting drugs.” However, mast cells also
produce other clinically relevant mediators, such as
prostaglandin D2,  leukotrienes, heparin  and
tryptases.””*"* In addition, activated mast cells can pro-
duce and release a number of functional cytokines, such as
tumor necrosis factor (TNF), oncostatin M (OSM), or
interleukin-6 (IL-6).** So far little is known about the
mechanisms underlying the production and release of
these cytokines in neoplastic mast cells in patients with
SM. In many instances, activation of KIT and/or the IgE
receptor may play a role in cytokine secretion.””
Correspondingly, most of these cytokines are measurable
in the sera of patients with SM and, in several instances,
cytokine levels correlate with the variant of SM and with
prognosis.”** For example, a clear correlation between the
variant of SM and IL-6 levels has been described."" In
addition, in SM, elevated IL-6 levels are regarded as an
indicator of a poor prognosis.'"

In this issue of the Journal, Tobio et al. report that the
D816V-mutated KIT receptor triggers expression and

release of IL-6 in neoplastic mast cells.” In particular, they
were able to show that bone marrow mast cells in
patients with KIT D816V' SM express and release IL-6,
and that the levels of IL-6 in cultured mononuclear cells in
these patients correlate with the D816V KIT allele burden
and with the percentage of mast cells in these samples.”
In addition, they found that human mast cell lines
expressing KIT D816V produce and secrete IL-6. Finally,
they deciphered the KIT D816V-dependent signaling
machinery that triggers IL-6 production in neoplastic mast
cells. It is worth noting that these signaling molecules, like
PISK, AKT, TOR or JAK2-STATS5, represent druggable
therapeutic targets.” An overview of the concept pro-
posed by Tobio et al. is shown in Figure 1.

IL-6 is a multi-functional cytokine that plays a role in
various biological and pathological processes. In particu-
lar, IL-6 has been implicated as a regulator of inflammato-
ry reactions, infectious diseases and host defense, stromal
reactions, and bone metabolism. In various neoplastic
states, elevated levels of IL-6 have been reported, and in
most disease models, higher IL-6 levels are associated
with a poor prognosis.'"'*'*'* Based on these observations,
IL-6 has also been discussed as a new potential therapeu-
tic target in chronic inflammatory and neoplastic disor-
ders.”

In mastocytosis, IL-6 has been implicated as a potential
mediator of mast cell development and activation, accu-
mulation and function of lymphocytes, bone marrow
remodeling, and bone pathology (ostesclerosis, osteope-
nia/osteoporosis). In addition, high IL-6 levels have been
implicated as a prognostic parameter in SM."* In this
regard, it is noteworthy that IL-6 may also act as an
autocrine growth factor for neoplastic mast cells (Figure
1).
The observation by Tobio et al. confirms the impact of
IL-6 in SM and suggests that IL-6 production in neoplastic
mast cells is triggered by the oncogenic signaling machin-
ery activated by KIT D816V (Figure 1).” This observation
may have clinical implications and may lead to the devel-
opment of new treatment concepts. For example, high IL-
6 levels may already be detected in indolent SM (ISM)
before the disease progresses to ASM or MCL.""" In these
cases, high IL-6 levels may serve as a biomarker of “high
risk ISM” where a closer follow up or early interventional
therapy may be considered.

There may be several ways to interfere with KIT
D816V-dependent signaling in neoplastic mast cells in SM.
One is to apply strong inhibitors of KIT D816V, such as
midostaurin or avapritinib.*** It will be of great interest to
learn whether IL-6 levels decrease during therapy with
these KIT-targeting drugs. Another possibility may be to
block KIT-downstream signaling molecules involved in IL-
6 production, such as JAK2 or PI3K. Indeed, the data of
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Tobio et al. suggest that signaling through these target
molecules leads to IL-6 production in neoplastic mast cells
(Figure 1).” Finally, IL-6 effects can directly be blocked by
applying antibodies against IL-6 or the IL-6 receptor
However, it remains unclear whether these drugs can
block the symptoms and pathologies in patients with SM.
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Figure 1. An overview of the con-
cept proposed by Tobio et al.*® of
the KIT D816V-dependent signal-
ing machinery that involves PI3K,
AKT, TOR, and JAK2-STAT5 and
triggers IL-6 production in neo-
plastic mast cells. In most
patients with systemic mastocyto-
sis, the transforming KIT mutation
D816V is expressed in neoplastic
mast cells. The KIT mutant form
induces oncogenic signaling path-
ways which in turn leads to an
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