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Background: Autoantibodies to type I interferons have been
identified in association with a variety of inflammatory and
autoimmune diseases. Type I interferons have demonstrated
inhibitory effects on mast cell proliferation and degranulation.
Systemic mastocytosis (SM) is a disease characterized by
increased mast cell burden and mediator release. Whether
autoantibodies to type I interferon are present in the sera of
patients with SM, and if so, whether they correlate with
characteristics of disease, is unknown.

Objective: The purpose of this study was to determine whether
autoantibodies to type I interferons are observed in the sera of
patients with SM, and if so, whether they correlate with
biomarkers of disease severity.

Methods: We analyzed sera from 89 patients with SM for
concentrations of autoantibodies to type I interferon by using a
multiplex particle-based assay and signal neutralization
capacity by using a STAT1 activity assay and then compared
these measurements with those in a database of information on
1284 healthy controls.

Results: Our cohort was predominantly female (57.3%), with a
median age of 56 years. Of the cohort members, 13 produced
autoantibodies to IFN-f3, 3 to IFN-w, and 0 to IFN-«. None of
the 13 sera demonstrated signal neutralization. Neither
autoantibody concentration nor signaling inhibition
measurements correlated with tryptase concentrations or
D816V allele burden.

Conclusion: Although a small subpopulation of patients with
SM have autoantibodies to type I interferons, there was no
correlation between autoantibody production and signaling
inhibition. These data are consistent with the conclusion that
autoantibodies to type I interferon do not play a significant role
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in the pathogenesis or severity of SM. (J Allergy Clin Immunol
Global 2024;3:100273.)
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INTRODUCTION

Antibodies to type I interferons have been identified in
association with various diseases, including SLE,’ thymoma
and/or myasthenia gravis,” autoimmune polyendocrinopathy syn-
drome type 1,° psoriasis,” and chronic liver disease,” in which
they have been implicated in disease pathology and prognosis.
Recently, the presence of autoantibodies to type I interferons
were identified as playing a significant role in disease outcome
in a subset of patients with coronavirus disease 2019 (COVID-
19) infection. This group showed that at least 10% of patients
experiencing life-threatening COVID-19 pneumonia produced
neutralizing levels of autoantibodies against type I interferon,
thereby inhibiting the antiviral response that type I interferon in-
duces in a variety of cell types.°

Systemic mastocytosis (SM) is a disease characterized by the
aberrant expansion and accumulation of clonal mast cells in 1 or
more organ systems, which is associated with mediator release
and results in a constellation of symptoms, including flushing,
pruritis, anaphylaxis, musculoskeletal pain, nausea, vomiting,
diarrhea, and abdominal pain.’ Notably, type I interferon has been
demonstrated to inhibit mast cell proliferation, degranulation, and
bone marrow infiltration, which helped provide a rationale for use
of interferons in the treatment of patients with mastocytosis.™”’
Furthermore, the critical role of type I interferons in steady-
state mast cell homeostasis was demonstrated in an animal model
deficient in the receptor complex for type I interferon and dis-
played exacerbated systemic anaphylaxis after sensitization,
increased histamine in the circulation; and increased secretory
granule synthesis and release.'’ On the basis of these findings
indicating that type I interferons influence mast cell homeostasis,
we hypothesized that autoantibodies to type I interferons may
play a role in disease activity.

RESULTS AND DISCUSSION

Following informed consent on National Institutes of Health
protocol 19-1-0277, sera were drawn from 89 adult patients
with SM. Detection of anticytokine autoantibodies was con-
ducted through a multiplex particle-based assay in which
magnetic beads with differential fluorescence were covalently
coupled to recombinant human proteins. Sera with a


Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
mailto:komarowh@niaid.nih.gov
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.jacig.2024.100273
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jacig.2024.100273&domain=pdf

2 CAOETAL

Abbreviations used
FI: Fluorescence intensity
MCA: Mast cell activation
SM: Systemic mastocytosis

fluorescence intensity (FI) greater than the mean plus 3 SDs of
previously assessed healthy control sera®'" (FI > 1865, FI >
446, and FI > 2277, for IFN-a-2b, IFN-f3, and IFN-w, respec-
tively [n = 1284] for anti-IFN-a, anti—-IFN-3, and anti—-IFN-w,
respectively) were considered “positive” in that they met the
required threshold for functional testing for the respective
type I interferon subtype. The neutralizing activities of anti-
interferon autoantibodies were determined by assessing
STAT1 phosphorylation in PBMCs from a healthy control after
stimulation with appropriate cytokines in the presence of 10%
healthy control or patient sera. The neutralizing capacity of
autoantibody-positive patient sera was measured as a percent-
age of the stimulation index (stimulated over unstimulated
condition) normalized against that of the healthy control
sera. Less than 20% phosphorylated STAT1 activity was
considered blocking, 20% to 65% phosphorylated STAT1 ac-
tivity was considered partially blocking, and greater than
65% phosphorylated STAT1 activity was considered to not
have blocking effects on signaling.

In this cohort of 89 patients with SM, patient age ranged from
20 to 79 years, with a median of 56 years (Table I). Of the 89 pa-
tients, 51 were female and 38 were male. The distribution of self-
reported race/ethnicity was as follows: 1 patient was Asian, 1 was
Black, 84 were White, and 3 did not provide race/ethnicity infor-
mation. The median level of serum tryptase, which is a marker of
mast cell burden,'” was 80.7 ng/mL, with an interquartile range of
42.2to 149.0 ng/mL. According to the World Health Organization
criteria for SM subgroups,'” 69 patients had indolent SM,° 16 had
smoldering SM, and 4 patients has aggressive SM,® with 84 pa-
tients having concurrent maculopapular cutaneous mastocytosis.
The majority of adult patients with SM harbored an activating
mutation (D876V) in KIT. The total proportion of patients in the
entire cohort in whom any form of KIT D816V analysis was per-
formed was 84 of 89 (in either the peripheral blood or bone
marrow), of whom 76 were positive (90.5%). Using allele-
specific quantitative PCR to measure D816V allele burden in pe-
ripheral blood, we determined that 49 of 60 patients (81.7%) who
were evaluated were positive (a median of 1.331 and an IQR of
0.257-3.385) (Table I)."*

No patients met the threshold for functional testing for
autoantibodies against IFN-a. In all, 13 patient samples reached
the threshold for autoantibodies against IFN-f3 and 3 patient sam-
ples reached the threshold for autoantibodies against IFN-w, with
2 patients meeting the threshold for both. Those patients whose
sera met the threshold for autoantibodies to any type I interferon
subtype were subsequently analyzed for neutralizing effects
in vitro by using 10% sera (Fig 1 and Table II).

No patient sera blocked or partially blocked STAT1 signaling
activity when stimulated with 10 ng/mL of IFN-@, with the per-
centage of signaling ranging from 71% to 125% of the median
healthy control signaling value (ie, 103%). Similarly, no patients
had blocking or partially blocking activity against IFN-w (range
103%-136%, median 111%) (Fig 1 and Table II). Type I
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TABLE I. Patient demographics
Characteristic (n = 89) Value
Age (y), median (IQR) 56 (44-65)
Sex, % (no.)
Female 57.3% (51)
Male 42.7% (38)
Race and ethnicity, % (no.)
Asian 1.1% (1)
Black 1.1% (1)
Unknown 3.4% (3)
White 94.4% (84)

Tryptase level (ng/mL), median (IQR)
Diagnoses, % (no.)

80.70 (42.2-149.0)

Indolent SM 77.5% (69)
Smoldering SM 18.0% (16)
Aggressive SM 4.5% (4)

D816V analyses, % (no./no.)
Performed in either bone
marrow or peripheral blood via any method
Performed in bone marrow
Performed in peripheral blood
Positive in either bone marrow
or peripheral blood via any method
Positive in bone marrow
Positive in peripheral blood
Performed in peripheral blood via ASqPCR
Positive in peripheral blood via ASqPCR*
Median (IQR)
MCA-related symptoms, % (no.)

94.4% (84/89)

88.1% (74/84)
98.8% (83/84)
90.5% (76/84)

90.5% (67/74)
72.3% (60/83)
67.4% (60/89)
81.7% (49/60)
1.33 (0.26-3.39)

Anaphylaxis 40.5% (36)
Gastrointestinal symptoms 92.1% (82)
Flushing 76.4% (68)

ASqPCR, Allele-specific quantitative PCR; IQR, interquartile range.
*Cutoff used was 0.03%.

interferon autoantibody concentrations, as measured by the multi-
plex particle-based assay, did not correlate with serum tryptase
levels (for IFN-a level, P = .33 and R? = 0.01; for IFN-{ level,
P = .10 and R* = 0.03; and for IFN-w level: P = .20 and R® =
0.02) (Table II). Thus, according to this assay, which is the
most relevant analysis, there was no evidence of a functional
consequence.

When tested for signal neutralization of autoantibodies against
IFN-B, STAT1 signaling activity had a slightly positive correla-
tion with tryptase value (P = .05 and R? = 0.32). However, given
the small R” value, this is unlikely to be of clinical significance. In
testing for neutralization of IFN-w through measurement of
STAT1 signaling activity, STAT1 signaling activity as a percent-
age of the stimulation index normalized against healthy control
sera had no correlation with tryptase level (P = .98 and R* <
0.01). (Table II).

Mast cell KIT D816V mutation detection values did not corre-
late with levels of autoantibodies against any subtypes of type I
interferon (for autoantibodies against IFNa vs D816V, P = .78
and R’ < 0.01; for autoantibodies against IFN-f3 vs D816V, P =
.88 and R? < 0.01; and for autoantibodies against IFN-o vs
D816V, P = 1.00 and R? < 0.01). Additionally, STAT1 activity
was not correlated with KIT D816V detection values (P = .28
and R? = 0.36) (Table II). When autoantibodies against type I
interferon levels in those who were positive for presence of the
KIT D816V mutation in peripheral blood were compared with
the levels in those who were negative for presence of the same
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FIG 1. Binding activity and neutralization of autoantibodies to type | interferon in patients with SM. A-C,
Scatter plot for the distribution of concentrations of autoantibodies to IFN-«a (A), IFN-B (B), and IFN-o (C).
D and E, Scatterplot of the normalized stimulation index following stimulation by the respective type | inter-
feron subtype for patients who met threshold for autoantibody production, with less than 20% considered
blocking, 20% to 65% considered partially blocking, and greater than 65% considered not blocking.
AIRE.23C plasma sample was used as the positive control for percentage of phosphorylated STAT1 anti—
IFN-B (9.73%) and anti-IFN-w (8.54%), as denoted by the red crosses in (D and E). B-D and E, Blue dots indi-

cate the same patients.

TABLE Il. Concentrations and neutralization of autoantibodies to type | interferons in sera of patients with SM

Results of assays of autoantibodies to IFN IFN-« IFN-B IFN-®
Patients with levels above cutoff for binding to type I interferons, no. (%) 0 13 (14.6%) 3 (3.4%)
Patients positive for neutralizing autoantibodies, no. 0 0 0
Normalized stimulation index (% phosphorylated STAT1), median (IQR) 103.0 (83.0-119.5) 111.0 (103.0-136.0)
Correlations, P value (R%)
FI vs tryptase .33 (0.01) .10 (0.03) .20 (0.02)
STAT1 activity vs tryptase .05 (0.32) .98 (<0.01)
FI vs KIT D816V allele burden .78 (<0.01) .88 (<0.01) 1.00 (<0.01)
STAT1 activity vs KIT D816V allele burden .28 (0.36)
D816V positive vs negative, P value (U value)* .50 (236.5) .35 (218) 48 (233)

FI, Fluorescent intensity; /QR, interquartile range.
*Mann-Whitney U test comparison.

mutation, no significant differences were found (when comparing
IFN-a levels, P = .50; when comparing IFN-f levels, P = .35;
and when comparing IFN-w levels, P = .48) (Table II).

No significant differences were found when analyzing concen-
trations of autoantibodies against IFN-a, IFN-$3, and IFN-w, as
measured by the multiplex particle-based assay with comparator
SM subgroups (aggressive SM, smoldering SM, and indolent
SM), nor were concentrations of autoantibodies correlated with
age or use of medication, including cytoreductive agents (n =
3) (data not shown). Regarding mast cell activation (MCA)-

related symptoms, 40.5% of our cohort had a history of anaphy-
laxis, 92.1% reported chronic gastrointestinal symptoms (abdom-
inal pain, diarrhea, nausea, and/or vomiting), and 76.4% reported
consistent flushing episodes (Table I.). Within the group of
patients who were positive for autoantibodies to IFN-f3, there
was no difference in the proportion of patients who had a
history of MCA-related symptoms and those who did not. Thus,
MCA-related symptoms were not associated with elevations in
concentrations of autoantibodies to IFN-f3. The signal blocking
measurements were also not significantly different when SM
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was classified by SM subgroup (data not shown). Thus, no
patterns relating autoantibodies against type I interferon to any
metrics associated with disease severity in mastocytosis were
found."”

To our knowledge, this is the first study to report measurement
of serum levels of autoantibodies to type I interferon in patients
with SM and attempt to correlate these findings with disease
manifestations or severity of illness. Our results demonstrate that
although significant levels of autoantibodies against type I
interferon subtypes were identified in 14 of 89 patients with SM
(14.6%) and although there is a 1.1% positivity rate for IFN-f3 in
the general population, no apparent inhibition of type I interferon
signaling via autoantibodies to type I interferon was found.®
These findings support the conclusion that autoantibodies to
type I interferon do not have a significant role in the pathogenesis
or manifestations of SM.
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Key messages

o Autoantibodies to type I interferon have been implicated
in autoimmune, inflammatory, and (more recently)
COVID -19 pathology and progression.

Whether autoantibodies to type I interferon and blocking
of type I interferon signaling participate in the pathology
and disease manifestation of mastocytosis, which is char-
acterized by aberrant numbers and activity of mast cells

(whose proliferation and degranulation are inhibited by
type I interferon), has been investigated.

The investigation found no significant correlations be-
tween production of autoantibodies to type I interferon
and objective measures of disease burden or severity in
mastocytosis, suggesting a lack of a significant role for
anti-interferon autoantibodies in disease path and
manifestations.
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