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Mast Cells and KIT as Potential Therapeutic Targets
in Severe Asthma

Stephen J.

Mast cells and many of their secreted products
have long been thought to contribute to the
pathologic processes underlying asthma,? but no
clinical studies have assessed whether specifi-
cally targeting mast-cell survival or development
would have therapeutic benefit in the treatment
of this disorder. In this issue of the Journal, Cahill
and colleagues?® report the results of a random-
ized, double-blind, placebo-controlled, phase 2,
24-week, proof-of-principle trial in which patients
with severe, poorly controlled asthma were treat-
ed with the tyrosine kinase inhibitor imatinib,
which can inhibit KIT,* the major survival and
growth factor for mast cells.? The total number
of patients was small (62 patients underwent
randomization per protocol); however, a signifi-
cant effect of imatinib treatment was observed
with regard to the prespecified primary outcome
of improvement in airway hyperresponsiveness,
assessed as the increase from baseline at 6 months
in the methacholine PC,, a measurement of the
concentration of methacholine required to de-
crease the forced expiratory volume in 1 second
(FEV,) by 20%. The increase in PC,, was 1.73
doubling doses in the imatinib group, as com-
pared with 1.07 doubling doses in the placebo
group (P=0.048). Patients in the imatinib group
also had greater reductions in serum levels of
the mast cell-derived protease tryptase than did
patients in the placebo group (P=0.02), as well
as a small improvement in lung function, mea-
sured as the FEV,.

The authors were appropriately cautious in
interpreting their findings, noting that their data
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did not prove that the observed beneficial effects
of imatinib reflected its effects on either KIT or
mast cells, as opposed to actions on other ima-
tinib-sensitive tyrosine kinases or on other KIT-
expressing cells. Indeed, although decreases from
baseline in the total numbers of tryptase-posi-
tive mast cells in the airways and the bronchial
smooth muscle were greater in the imatinib
group than in the placebo group, the differences
between the groups were not significant (P=0.11
and P=0.07, respectively), nor was the correlation
between increases in FEV, and reductions in the
numbers of airway mast cells in endobronchial-
biopsy samples significant (P=0.06). However,
given that KIT can influence mast-cell functions
(including enhancing the activation of the cell by
IgE-dependent mechanisms) as well as survival,?
and in light of a report that patients who receive
long-term treatment with imatinib (for chronic
myeloid leukemia) have marked reductions in
numbers of tissue mast cells,’ the findings of
Cahill et al. are consistent with the hypothesis
that the benefit observed in the imatinib-treated
group may have reflected, at least in part, the
effects of imatinib on mast-cell numbers, func-
tions, or both.

Although the findings reported are not clini-
cally directive, do they make the case that, at
least in some patients with asthma, “targeting”
mast cells would be a good idea? The evidence
that mast cells might represent important con-
tributors to the pathogenesis of asthma is
strong.!” Mast cells normally reside in the lungs,
and on activation by IgE-dependent (i.e., “allergic”)
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or other mechanisms, they can release a diverse
spectrum of mediators that in turn can rapidly
induce local effects on blood vessels, nerves, and
mucous glands, as well as on epithelial cells,
airway smooth-muscle cells, and immune cells.?
Moreover, a study involving one model of “chronic
asthma” in mice has indicated that, at least in
that context, mast cells also can contribute to
the establishment of chronic inflammation in the
airways, with cellular infiltrates that include neu-
trophils and eosinophils, as well as contribute to
features of tissue remodeling that resemble those
observed in association with “real” (i.e., human)
asthma, including the development of increased
numbers of mucus-secreting goblet cells in the
airway epithelium and increased deposition of
interstitial collagen.®

Do we therefore have the green light to go
ahead and target mast cells, or perhaps even
ablate them, in patients with asthma? I agree with
Cahill et al. in thinking that the currently avail-
able evidence suggests that this should be stud-
ied further, but cautiously. First, as in other areas
of so-called precision medicine, patient selection
may be critical. As discussed by Cahill et al.,
studies involving mouse models®’ and studies
involving patients with severe asthma’ suggest
that mast cells® and interferon-y*” may have more
critical pathogenic roles in forms of asthma that
are characterized by the substantial involvement
of neutrophils than they do in those with a type 2
helper T-cell-like immune response tissue signa-
ture, in which eosinophils are more prominent.®
Second, evolution has not endowed us with mast
cells to fill our asthma clinics or to permit us to
develop allergic disorders, which are now thought
to affect 20 to 30% of the world’s people. In ad-
dition to potentially beneficial roles in host de-
fense against parasites, mast cells and IgE also
can contribute to innate and adaptive immune
responses that increase survival among mice in-
jected with certain arthropod or reptile venoms,’
and other beneficial roles of mast cells probably
are yet to be discovered. Third, studies in mice
suggest that even in the context of “asthma
models,” some products of mast cells — in this
case, the chymase-like protease, mouse mast cell

protease 4 — can function to limit the develop-
ment of certain aspects of the associated patho-
logic processes.

Yet in those unfortunate people in whom the
functions of mast cells can be strongly implicated
as contributing to disease, suppressing their func-
tion or reducing their numbers may indeed con-
fer more benefit than harm, particularly if these
cells can be targeted locally at sites of disease. It
should go without saying that if agents were to
be devised that can more specifically target mast
cells than do drugs such as imatinib, and can do
so safely, then testing such agents in the clinic
will be of particular interest.

Disclosure forms provided by the author are available with the
full text of this editorial at NEJM.org.

From the Departments of Pathology and of Microbiology and
Immunology and the Sean N. Parker Center for Allergy and
Asthma Research, Stanford University School of Medicine,
Stanford, CA.

1. Bradding P, Walls AF, Holgate ST. The role of the mast cell
in the pathophysiology of asthma. J Allergy Clin Immunol 2006;
117:1277-84.

2. Da Silva CA, Reber L, Frossard N. Stem cell factor expres-
sion, mast cells and inflammation in asthma. Fundam Clin
Pharmacol 2006;20:21-39.

3. Cahill KN, Katz HR, CuiJ, et al. KIT inhibition by imatinib
in patients with severe refractory asthma. N Engl J Med 2017;
376:1911-20.

4. Heinrich MC, Griffith DJ, Druker BJ, Wait CL, Ott KA, Zigler
AJ. Inhibition of c-kit receptor tyrosine kinase activity by STI
571, a selective tyrosine kinase inhibitor. Blood 2000;96:925-32.
5. Cerny-Reiterer S, Rabenhorst A, Stefanzl G, et al. Long-term
treatment with imatinib results in profound mast cell deficiency
in Ph+ chronic myeloid leukemia. Oncotarget 2015;6:3071-84.
6. Yu M, Eckart MR, Morgan AA, et al. Identification of an
IFN-y/mast cell axis in a mouse model of chronic asthma. J Clin
Invest 2011;121:3133-43.

7. Raundhal M, Morse C, Khare A, et al. High IFN-y and low
SLPI mark severe asthma in mice and humans. J Clin Invest
2015;125:3037-50.

8. Woodruff PG, Boushey HA, Dolganov GM, et al. Genome-
wide profiling identifies epithelial cell genes associated with
asthma and with treatment response to corticosteroids. Proc
Natl Acad Sci U S A 2007;104:15858-63.

9. Mukai K, Tsai M, Starkl P, Marichal T, Galli SJ. IgE and mast
cells in host defense against parasites and venoms. Semin Immu-
nopathol 2016;38:581-603.

10. Waern I, Lundequist A, Pejler G, Wernersson S. Mast cell
chymase modulates IL-33 levels and controls allergic sensitiza-
tion in dust-mite induced airway inflammation. Mucosal Im-
munol 2013;6:911-20.

DOI: 10.1056/NEJMel702653
Copyright © 2017 Massachusetts Medical Society.

N ENGLJ MED 376;20 NEJM.ORG MAY 18, 2017

The New England Journal of Medicine

Downloaded from nejm.org at UNIVERSITY OF LIVERPOOL on May 26, 2017. For personal use only. No other uses without permission.

Copyright © 2017 Massachusetts Medical Society. All rights reserved.





