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Background: Systemic mastocytosis (SM) is a heterogeneous
disease characterized by an expansion of KI7T-mutated
constitutively activated mast cells (MCs) that release MC
mediators, which might act on the tumor microenvironment
including other immune cells.

Objective: To investigate the blood distribution of B-cell, plasma
cell (PC), and antibody isotype compartments in patients with
SM.

Methods: We used spectral flow cytometry and the EuroFlow
Immunomonitoring panel and Lymphocyte Screening Tube to
quantify B cells, PCs, and their subsets in blood of 108 patients
with SM (35 bone marrow mastocytosis [BMM] cases, 64 indolent
SM [ISM] cases, 9 aggressive SM [ASM] cases) versus 117 age-
matched healthy donors and paired bone marrow samples of 31
patients with SM versus 17 controls, respectively. In parallel,
IgM, IgD, IgG, IgA, and IgE plasma levels were measured.
Results: Compared with healthy donors, patients with SM
showed increased immature B-cell production in bone marrow
(P = .003) associated with greater release of pre—germinal
center immature (P <.001) and naive CD5* B lymphocytes

(P <.001) to blood, but a pronounced decrease in PC counts of
all different IgH isotypes and subclasses (P <.001) together with
overall increased IgM (P = .001) and IgD (P <.001) plasma
levels. Different immune profiles were found per diagnostic
subtype of disease with progressively greater counts in blood of
immature B lymphocytes together with decreased IgMD™,
IgG2™", IgA1™, and IgA2* memory B cells (P <.032) and
elevated IgM (P = .017) plasma levels in cases of ASM,
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increased IgM (P = .001) and IgD (P = .001) plasma levels in
ISM cases, and exacerbated IgE (P <.001) with decreased IgG
(P =.008) plasma levels in BMM cases.

Conclusions: Our results reveal a significant dysregulation of
the B-cell and PC compartments in blood of patients with SM,
consistent with distinctly altered antibody isotype profiles in
plasma of patients with BMM versus ISM versus ASM. (J
Allergy Clin Immunol 2025;155:628-39.)
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systemic mastocytosis

Systemic mastocytosis (SM) comprises a heterogeneous group
of disorders that result from the clonal expansion of morpholog-
ically and immunophenotypically aberrant mast cells (MCs) that
accumulate in one or more organ systems, such as the skin, bone
marrow (BM), and gastrointestinal (GI) tract.'” Based on the
World Health Organization 2022 classification, SM is subdivided
into bone marrow mastocytosis (BMM); indolent SM (ISM);
smoldering SM; and 3 subtypes of advanced SM comprising
aggressive SM (ASM), SM with an associated hematologic
neoplasm, and mast cell leukemia (MCL).*® Despite their great
clinicobiologic heterogeneity, the majority (>90%) of patients
with SM display the gain-of-function KIT°%'®Y mutation, in addi-
tion to other KIT mutations identified in approximately 1% to 4%
of patients.” Those KIT mutations lead to constitutive activation
of the KIT receptor and, ultimately, of the mutated MCs, with
an increased release of MC mediators and inflammatory cyto-
kines to the extracellular MC microenvironment, with pleiotropic
effects on, for example, epithelial cells and other innate and adap-
tative immune cells.*'*

Because blood circulating MCs go undetected in physiologic
conditions'” and due to their broad tissue distribution and stra-
tegic perivascular localization, MCs possess unique immune
functions in almost all human organs and tissues.'® These func-
tions are exerted via both the release of MC mediators' "'® and
direct cell-cell interactions, particularly with epithelial and endo-
thelial cells, smooth muscle cells, and surrounding immune
cells.!” Thus, activation of MCs induces vasodilation with
increased vascular and mucosal permeability’*' and local
recruitment and activation of inflammatory cells and lympho-
cytes,22 associated with the release of a wide repertoire of cyto-
kines, chemokines, and growth factors such as IL-1, IL-3, IL-4,
IL-5, IL-8, IL-10, GM-CSF, TGF-B, TNF-a, CCL2, and
CCL5.”* Of note, MCs might express a broad range of surface
and cytoplasmic receptors (eg, CD43, CD80, CD86, and
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Abbreviations used
ASM: Aggressive systemic mastocytosis
BM: Bone marrow
BMM: Bone marrow mastocytosis
GC: Germinal center
GI: Gastrointestinal
HD: Healthy donor
HVA: Hymenoptera venom allergy
IgMD™: B cells expressing IgM and IgD immunoglobulin
ISM: Indolent systemic mastocytosis
MALT: Mucosa-associated lymphoid tissue
MBC: Memory B cell
MC: Mast cell
MCL: Mast cell leukemia
NK: Natural killer
PC: Plasma cell
SM: Systemic mastocytosis
smlg: Surface membrane Ig
WDSM: Well-differentiated systemic mastocytosis

CD40L) and cell-to-cell adhesion molecules (eg, intercellular
adhesion molecule 1 and intercellular adhesion molecule 3),
which also enable them to directly interact with both T and B
lymphocytes.'®** Thus, MCs can release IL-13 and IL-4 and
induce B cells to undergo class switching toward IgE-producing
memory B cells (MBCs) and plasma cells (PCs)'®1522; at the
same time MCs can promote B-cell proliferation and differentia-
tion to IgA-secreting PCs through direct CD40L-CD40 binding
and the release of IL-5, IL-6, and TGF-B1.'° Altogether, due to
these interactions, MCs have an important role in [gE-mediated
allergic responses, through IgE binding to the high-affinity IgE re-
ceptor (FCeRI) and subsequent triggering of MC degranulation,
as well as in the homeostasis of commensal bacteria in, for
example, the GI tract, where MC mediators also induce an
increased permeability.”'~*

In this regard, previous studies have reported altered innate
immune responses in SM, associated with increased numbers of
blood circulating activated, but functionally exhausted, mono-
cytes and dendritic cells*® and type 2 innate lymphoid cells,”’
together with decreased natural killer (NK) cell and CD8 cyto-
toxic T-lymphocyte counts.”*** More recently, uniquely altered
CD4™" T-cell immune profiles have also been described in SM
that consist of decreased numbers of Tyl cells and specific sub-
sets of Ty2, Ty22, and Tyl-like regulatory T cells together
with abnormally high T follicular helper cell counts.”” Interest-
ingly, the altered CD4 T-cell immune profiles were closely asso-
ciated with both the diagnostic subtype of SM and the specific
clinical manifestations of the disease, ie, anaphylaxis, Hymenop-
tera venom allergy (HVA), bone disease, pruritus, flushing, and GI
symptoms.”’ Despite these findings, few studies have been re-
ported so far that focused on the analysis of the B-cell compart-
ment in blood of patients with SM.>’ This might be due to the
fact that both normal serum immunoglobulin/antibody levels
and normal peripheral blood and BM B-cell counts have been pre-
viously found in most patients with SM.?*°

In the present study, we investigated in detail for the first time to
our knowledge the distribution of different subsets of blood
circulating B lymphocytes, PCs, and antibody isotype PCs of a
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large cohort of patients with distinct diagnostic subtypes of SM.
Our aims were to identify uniquely altered B-cell, PC, and
antibody isotype profiles associated with SM and gain further
insight into the potential role of the humoral response in the
pathophysiology and clinical behavior of SM.

METHODS
Patients, controls, and samples

A total of 109 consecutive adults with SM (64 women and 44
men; median age of 55 years; age range, 27-77 years) diagnosed
and retrospectively classified according to the World Health
Organization 2022 updated criteria® ' at the reference centers
of the Spanish Network on Mastocytosis (Mast Cell Unit, Hospi-
tal Virgen del Valle, Toledo, and Cancer Research Center, Sala-
manca, Spain) were studied. Patients included 35 with BMM,
64 with ISM, and 9 with ASMs. A 13-year-old patient diagnosed
with a well-differentiated SM (WDSM) variant of MCL was also
studied. In parallel, 117 age-matched (median age 43 years; age
range, 19-78 years) healthy donors (HDs) with no past or present
history of allergy or other immune disorders were studied as con-
trols. Clinical and laboratory data (see Table El in this article’s
Online Repository at www.jacionline.org) of individual patients
were that retrospectively collected from the patients” medical re-
cords included the presence versus absence of disease features
such as anaphylaxis, HVA, bone disease (ie, osteopenia, osteopo-
rosis, or other bone lesions such as osteolytic lesions and patchy
or diffuse bone sclerosis), pruritus, flushing, GI symptoms, and
history of Helicobacter pylori infection and other bacterial/viral
infections (ie, recurrent urinary tract infections, recurrent respira-
tory infections, bilateral pneumonia, and recurrent COVID-19
infection). Before entering the study, each patient and HD gave
their written informed consent to participate according to the
Declaration of Helsinki. The study was approved by the local
ethics committees.

Flow cytometry identification and quantification of
B cells, PCs, and PC subsets in blood and BM

Blood and BM samples were separately collected in tubes
containing K3 EDTA as anticoagulant. Blood samples were
stained fresh (<24 hours after collection) with the 14-color
Euroflow immune monitoring IgH isotype B-cell tube, and fresh
BM samples were stained with the EuroFlow Lymphocyte
Screening Tube (Table E2 in the Online Repository at www.
jacionline.org), following the EuroFlow bulk lysis standard oper-
ating procedure (www.euroflow.org). In every blood sample, the
IgH isotypes and subclasses were assessed using a cell surface
membrane plus cytoplasmic staining, as described elsewhere.*
Stained blood samples were measured in a 3-laser Aurora flow cy-
tometer (Cytek Biosciences, Fremont, Calif) equipped with Spec-
troFlo software (Cytek Biosciences). BM samples were measured
in a FACSCanto II flow cytometer (BD Biosciences, San Jose,
Calif) equipped with FACSDiva software (BD Biosciences). For
flow cytometry data analysis of both types of data files, Infinicyt
software (Cytognos SL, Salamanca, Spain) was employed; the
gating strategies for the individual cell population are detailed
in the Methods section and Figs E1 and E2 in the Online Repos-
itory at www.jacionline.org.
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Quantification of immunoglobulin levels in plasma

Soluble IgA, IgG, and IgM were measured using conventional
nephelometry (Dimension Vista; Siemens Healthineers, Erlanger,
Germany). For IgD and for IgE, the IgD Optilite kit (The Binding
Site Group Ltd, Birmingham, UK) and the ImmunoCAP Total IgE
(Thermo Fisher Scientific, Waltham, Mass) assays were respec-
tively employed.

Statistical methods

The statistical significance of differences observed among
groups was assessed by the Mann-Whitney U test for continuous
variables or x2 and Fisher exact tests for categorical variables. The
threshold for statistical significance was set at P <.05, with a false
discovery rate correction for multiple comparisons of <10%. For
all statistical analyses, IBM SPSS v28.0.0.0 software (IBM Corp,
Armonk, NY) and MIDAS v2.0.5.d software (Cytognos SL) were
used; figures were plotted using MIDAS v2.0.5.d and GraphPad
Prism v8.0.2 (GraphPad Software, Boston, Mass). Normalization
of leukocyte values by age was performed with MIDAS software,
as previously described.”

RESULTS
Distribution of B cells and their subsets in blood
and BM of patients with SM

Overall, patients with SM showed normal total B-cell counts in
blood (vs HDs) and BM (vs normal BM samples). Despite this,
detailed dissection of the B-cell compartment in blood of patients
with SM revealed significantly increased numbers (normalized
per age) of pre—germinal center (GC) B lymphocytes (P =.009) at
the expense of both immature B cells (P <.001) and naive CD5'B
cells (P <.001), but not the more mature and more represented
naive CD5~ B lymphocytes (Fig 1, A). Of note, progressively
greater immature B-lymphocyte counts (increased over normal
values) were observed in blood of patients with ISM (P <.001
vs HDs; P = .032 vs BMM patients) and patients with ASM
(P <.001 vs HDs; P <.001 vs BMM patients; P = .004 vs ISM
patients) (Fig 2, A; Table E3 in the Online Repository at www.
jacionline.org), whereas the increase of naive CD5 " B-cell counts
in blood over normal values was restricted to ISM (P =.002) (Fig
2, A). Among patients with ISM, the numbers of immature (P =
.03) and naive CD5™ (P = .046) B lymphocytes were particularly
elevated among patients with serum baseline tryptase >20 ng/mL
(vs HDs and BMM patients who presented with <20 ng/mL) and
among patients with a KIT°®'®V variant allele frequency >1% (vs
HDs and BMM patients with <1% variant allele frequency) (Fig
E4 in the Online Repository at www.jacionline.org). Of note,
normal naive B-cell counts were detected in the only case of
WDSM variant of MCL analyzed (Fig ES in the Online Reposi-
tory at www.jacionline.org).

In line with the increased blood counts of pre-GC B lympho-
cytes observed in SM, significantly higher percentages of both
immature I (P =.031) and immature II (P =.003) B lymphocytes
(vs normal BM samples) were found in BM of patients with SM
(Fig 3, A). This increased percentage of immature B lymphocytes
in BM translated into a significantly higher immature B lympho-
cyte/myeloid cell ratio in SM cases (P =.017) versus normal BM
samples, particularly among ISM cases (P = .017) (Fig 3, B), in
the absence of significant differences for the other B-cell precur-
sor and mature B-lymphocyte and PC subsets (Fig 3, A and B).

J ALLERGY CLIN IMMUNOL
FEBRUARY 2025

In contrast to immature and CD5 ™ naive B cells, a pronounced
decrease in total PC counts was observed in blood of patients with
SM versus HDs (Fig 1, A). This decrease comprised all different
IgH isotype and subclass subsets of PCs (ie, gM ", IgD ", 1eG1 ™,
IgG2*,1gG3 ™, IgG4 ™", IgA1™, and IgA2™ PCs) (P <.001) (Fig 1,
C; Table E3) and their maturation-associated populations of
CD20" CD1387, CD20~ CD138", and CD20~ CD138" PCs
(P < .001) (Fig 1, D). Of note, very low numbers of IgM ,
IgD™, IgA™, and IgG™ PCs were found in blood (0.15%), at
similar levels in BMM (0.14%), ISM (0.15%), and ASM cases
(0.14%). These PC-associated findings contrasted with MBCs
and their subsets, which showed normal levels in SM except for
decreased counts (vs HDs) of unswitched surface membrane
(sm) IgMD™ MBCs (P = .037) and increased smIgD"-only
MBC numbers in blood (P <.001) (Fig 1, B).

Likewise, all diagnostic subgroups of the SM patient cohort
showed significantly decreased numbers in blood of most PC
subsets (ie, IgM ™", 1gG1™, 1gG2*, IgG4™, TIgA1™, and TgA2*
PCs) (P <.008) in blood, with the decrease being significantly
more pronounced among ASM cases (Fig 2, A; Table E3) except
for IgG3* PCs and IgD*-only PCs, which were specifically
decreased (vs HDs) in BMM (P =.001) and ISM (P = .005) cases
and in ISM (P =.001) cases (P <.001), respectively (Fig 2, A). In
addition, significantly lower IgG2" PC counts were found in
blood of ASM cases versus BMM (P = .025) and ISM (P =
.017) cases, whereas the IgD*-only PC numbers in blood were
significantly lower in ISM cases versus BMM (P = .049) cases
(Fig 2, A). In this regard, a similar pattern was observed for the
patient with a WDSM variant of MCL we analyzed, who also pre-
sented with decreased counts of circulating blood PCs, at the
expense of decreased IgM™, IgG1™, IgG2™, IgG4™, IgAl™,
and IgA2™ PCs (Fig E5). Although the distribution of MBCs in
blood was frequently within the normal range, smIgMD™* and
smIgG," MBCs shared a similarly altered pattern with signifi-
cantly decreased blood counts in ASM cases compared with
HDs (P = .038 and P = .017, respectively) and BMM cases
(P = .038 and P = .021, respectively), as well as smIgG2™"
MBCs in ISM cases (P = .021) (Fig 2, A).

Likewise, although overall normal smIgAl* and smIgA2™"
MBC counts were observed in blood of SM cases, ASM cases dis-
played significantly lower numbers of smIgA1™ and smIgA2™
MBCs compared with HDs (P =.032 and P = .015, respectively)
and BMM cases (P =.032 and P = .015, respectively), as well as
smIgAZJr MBCs in ISM cases (P =.019) (Fig 2, A). Conversely,
smIgD*-only MBCs showed increased counts in blood over
normal values in HDs in BMM (P = .002) and ISM (P = .006)
(but not ASM) cases (Fig 2, A; Table E3).

Soluble immunoglobulin levels in plasma of
patients with SM

Overall, normal total immunoglobulin levels were found in
plasma of patients with SM (Fig 4, A). However, more detailed
analysis per immunoglobulin isotype revealed increased (vs
HDs) IgM (P = .001) and IgD (P <.001) (but not IgE, IgA, or
IgG) antibody levels in plasma of patients with SM (Fig 4, A).
Of note, the higher IgM plasma levels observed in patients with
SM were due to their increase in plasma (vs HDs) in ISM (P =
.001) and ASM (P = .017) cases, but not BMM cases, whereas
greater IgD serum levels (vs HDs) were restricted to BMM
(P = .027) and ISM (P = .001) cases (Fig 4, A). In addition,
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FIG 1. Distribution of different maturation-associated and IgH isotype and subclass-related subsets of B
lymphocytes and PCs in blood of patients with (n=108) vs HDs (n=117). (A) Major subsets of B lymphocytes
including total B lymphocytes, pre-GC B lymphocytes (ie, immature, naive CD5", and naive CD5~ B lympho-
cytes), MBCs, and PCs. (B) smigMD™" and smlgD™ MBC. (C) PC subsets expressing distinct IgH isotypes and
subclasses: IgM " -only, IgD"-only, IgG1*, IgG2*, IgG3™, IgG4", IgA1*, and IgA,*. (D) Maturation-associated
subsets of PCs defined based on their CD138 and CD20 expression profile. Notched boxes correspond to
normalized box plots based on median (5th-95th) percentile values observed among age-matched HDs
that extend from the 25th to 75th percentile values; the lines in the middle and vertical lines correspond
to median values and the 10th and 90th percentiles, respectively, and dots represent each individual case
analyzed. The gray area represents data below the HD 99.9th percentile values. *P < .05, **P < .010,

***¥P < .001.
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FIG 2. Overall plasma immunoglobulin and blood B-cell immune profile of patients with SM (n = 108)
distributed according to the distinct diagnostic subtypes of the disease based on multivariate canonical an-
alyses. (A) Heatmap showing color-coded squares based on percentile values normalized against age-
matched HDs. (B) Three-dimensional and two-dimensional plot representations of multivariate canonical
analyses of BMM vs ISM vs ASM cases; each individual circle represents a single case expressed as age-
normalized percentile values found among healthy donors. Data on canonical analysis plots are based
on multivariate canonical analyses of the 15 different cellular parameters that showed statistically signifi-
cant differences between the groups in the univariate analysis plus antibody plasma levels; variables not
included are indicated with an asterisk. ASM is depicted in red, BMM is depicted in blue, and ISM is depicted
in orange with or without a dark surrounding circlein cases showing multilineage or MC-restricted K/IT°8'6V,

respectively.

patients with BMM (vs HDs) displayed abnormally low IgG (P =
.008) together with significantly increased IgE plasma levels
compared with HDs (P <.001), ISM cases (P <.001), and ASM
cases (P <.001) (Fig 4, A). To confirm whether the increased
IgE levels were a unique feature of BMM or were due to the
high prevalence of anaphylaxis in those patients, patients with
BMM and ISM were further stratified according to the presence
versus absence of anaphylaxis. Our results showed that patients
with BMM who had anaphylaxis had significantly higher IgE
plasma levels than patients with ISM (P <.0001) who also pre-
sented with anaphylaxis, supporting a close association between
increased IgE serum levels and BMM (Fig E3). Of note, no signif-
icantly altered IgA antibody levels in plasma were found in pa-
tients with SM (Fig 4, A). Altogether, the above-mentioned
alterations translated into significantly increased IgE/IgG and
IgE/IgA ratios in plasma of BMM (P =.001 and P = .012, respec-
tively), ISM (P <.001 for both ratios) and ASM (P =.005 and P =
.006, respectively) cases versus HDs (Fig 4, B). Meanwhile, a
decreased IgG™ IgA/IgM ratio was found in patients with SM
(P =.001), specifically among ISM cases (P = .001) (Fig 4, B).

Immune B-cell, PC, and soluble immunoglobulin
profiles in blood of patients with SM

Multivariate canonical analysis confirmed the existence of
unique humoral immune B-cell and PC profiles in blood of BMM
versus ISM versus ASM cases (Fig 2, B). These included progres-
sively increased BM production associated with a greater release
of immature (pre-GC) B cells to blood, but a marked decrease in
blood of both smIgMD* MBC counts and circulating PC numbers
(of virtually all isotypes, subclasses, and maturation stages)
numbers, from BMM to ISM and, particularly, ASM cases, in par-
allel to uniquely altered plasma immunoglobulin isotype patterns
in the different diagnostic subtypes of SM (Fig 2, A).

Association between immune B-cell, PC, and
immunoglobulin profiles in blood and clinical
findings in patients with SM

Patients with SM with a prior history of H pylori infection (P =
.024), lymphadenopathy (P = .011), osteoporosis (P = .004),
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FIG 3. Distribution of the major populations of B-cell precursors, maturing and mature B lymphocytes, and
PCs in BM of patients with SM (n = 31) compared with HDs (n = 17). (A) Relative distribution of total B cells
and their subsets, including B-cell precursors (pro-B and pre-B), smlg™ (immature |, immature |l, naive
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the pattern of expression of CD19 and CD20). (B) Ratio between the percentage of total B cells (B-cell pre-
cursors plus B lymphocytes), B-cell precursors, or immature B lymphocytes divided by the percentage of
myeloid cells in BM. Percentage data are median values and interquartile range.

and hepatomegaly (P =.005) showed greater counts of immature B
lymphocytes in blood compared with patients with SM who did not
present with these clinical features (Fig 5, A). In turn, a more pro-
nounced decrease in (total and/or subset) PC counts was observed
among patients with SM who presented with several other specific
features of the disease: (1) patients who had pruritus showed lower
IsM™ (P =.022),1gG2" (P =.024),1gG3" (P =.016),and IgA1™
(P =.039) PC counts in blood; (2) patients who had flushing had
lower IgM™ (P = .032) and IgG1" (P = .019) PC counts; (3)
patients presenting with (vs without) splenomegaly had
lower IgG2* (P = .033) and IgA1" (P = .017) PC counts; (4)

patients presenting with (vs without) hepatomegaly had decreased
IgD+—0nly (P =.044) and lower IgAZJr (P =.036) PC counts; and
(5) patients with a history of H pylori infection had lower IgG1™
(P =.013) PC counts (Fig 5, B). Similarly, patients with a history
of prior relevant (recurrent and/or severe) viral/bacterial infection
other than H pylori also showed lower IgG1™ (P = .012), [gG2™"
(P=.021),and IgMJr (P =.019) PC counts (Fig 5, B). As expected,
IgE plasma levels were significantly more elevated among patients
who had anaphylaxis (P = .002), HVA (P = .005), and bone scle-
rosis (P =.002) (Fig 5, C). Of note, an increasing frequency of mul-
tilineage involvement of T lymphocytes (by KIT®'®Y) was
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FIG 4. Soluble IgM, IgD, IgG, IgA (mg/dL), and IgE (KU/L) levels in plasma of HDs and patients with SM
classified according to the distinct diagnostic subtypes of the disease. (A) Total immunoglobulins and
plasma levels of IgM, IgD, IgA IgG, and IgE isotypes. (B) Ratio between the IgA™* 1gG/IgM, IgE/IgG, and
IgE/IgA levels in plasma. Notched boxes correspond to normalized box plots based on median (5th-95th)
percentile values observed among age-matched HDs that extend from the 25th to 75th percentile values;
the lines in the middle and vertical lines correspond to median values and the 10th and 90th percentiles,
respectively, and dots represent each individual case analyzed color-coded according to the different diag-
nostic subtypes of SM (SM [gray], BMM [blue], ISM [orange], ASM [red]) vs HD (green). The gray area rep-
resents data below HD 99.9th percentile values. Data on the IgA™ IgG/IgM, IgE/IgG, and IgE/IgA plasma level
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FIG 5. Distribution of immature B-lymphocyte counts (A) and PC subset counts (B) in blood and IgE plasma
levels (C) in patients with SM (n = 108) classified according to the presence vs absence of different clinical
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observed from BMM (2/21, 9.5%) to ISM (15/47, 31.9%) and
ASM (6/8, 75%) cases.

DISCUSSION

MCs from patients with SM harbor KIT mutations, mostly
KITP®'®V? Such mutations have been shown to induce constitu-
tive activation of MCs**** and the release of MC mediators to
the extracellular environment, where they exert effects on other
innate and adaptive immune cells in addition to epithelial cells
and other tissue resident cells.>®>® Thus, constitutive activation
of MCs in patients with SM has long been associated with symp-
toms of variable MC mediator release (eg, pruritus, diarrhea,
flushing, and anaphylaxis)™'” and parallel (local and systemic)
direct and indirect (eg, via increased mucosal permeability) im-
mune dysregulation.”’ " In this regard, recent studies from our
group and others have reported increased counts of constitutively
activated but exhausted blood circulating monocytes”® and type 2
innate lymphoid cells,”’ together with decreased NK cell and
TCDS cytotoxic (memory and effector) lymphocyte counts”*’
and uniquely altered TCD4* lymphocyte subset immune profiles
in patients with BMM, ISM, and ASM. These later alterations
consisted of decreased counts in blood of Tyl TCD4" lympho-
cytes and specific subsets of Ty2 (effector memory [EM]),
Ty22 (terminal effector [TE]), and Tyl-like regulatory cells,
together with abnormally high T follicular helper cell counts,
and emerged as being closely associated with several specific
clinical manifestations of the disease.”” Despite these innate
cell and T-cell alterations, overall normal serum immunoglobulin
levels and normal total B-cell counts have been recurrently found
in blood and BM of patients with SM, %% with limited data avail-
able on the distribution of B-cell and PC subsets in blood of pa-
tients with SM. Altogether, this points out the need for a more
in-depth analysis of the different maturation and functional/
effector B-cell populations for better understanding of immune
dysregulation in SM and its relationship with the clinical manifes-
tations of the disease.

Here we investigated in depth the distribution of different B-
cell and PC subsets in blood in parallel to immunoglobulin
isotype plasma levels in a large cohort of SM patients, aiming at
better understanding of the role of B cells and the humoral
response in the pathophysiology and clinical behavior of SM.
Overall, our results confirm previous data®®~" that showed normal
(total) B-cell counts in blood and BM and overall normal immu-
noglobulin levels in plasma of patients with SM (vs HDs). How-
ever, more detailed analysis of the different B-lymphocyte and PC
subsets revealed uniquely altered profiles associated with
different diagnostic subtypes of the disease. Thus, a progressively
higher increase of both immature and naive CD5" B-lymphocyte
counts, in parallel to a more marked decrease in PC counts (of all
IgH subclasses and maturation subsets), was found in patients
with SM, increasing from BMM to ISM and ASM. These findings
suggest the existence of increased BM production and release to
blood of immature and early-naive (ie, CD5™) B lymphocytes in
SM, which is progressively more prominent among ISM and
ASM (vs BMM) cases. Of note, such increased production of
immature B lymphocytes was confirmed in BM of patients with
SM supporting their release in greater numbers to blood, particu-
larly among ASM cases. Although we did not investigate the pres-
ence of KIT®'®Yon purified B cells, such progressively increased
B-cell production does not seem to be related to a greater fraction
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of KIT-mutated B cells, as an increased frequency of involvement
of T lymphocytes by the KIT mutation was associated with similar
or lower naive T-cell counts (Fig 6 in the Online Repository at
www.jacionline.org). This increased B-cell production also trans-
lated into an elevated ratio between the number of immature B
lymphocytes and myeloid cells produced in the BM, which is in
contrast to the decreased B-cell production previously reported
for (other) myeloproliferative disorders.””*"

Despite the aforementioned increased production and release
of immature and naive CD5 ™" B lymphocytes to blood, this did not
translate into a greater number in blood of the more mature (and
major) population of naive CD5™ B lymphocytes. These findings
suggest that the increased production of B lymphocytes reported
here might be associated with either a greater naive B-lymphocyte
turnover or an increased migration of naive B cells into lymphoid
tissues. In line with this latter hypothesis, patients with SM pre-
senting with organomegalies (eg, lymphadenopathy and hepato-
megaly) and peripheral tissue disorders (eg, H pylori and other
severe/current infections) showed significantly greater levels in
blood of pre-GC immature and CD5 * naive, but not CD5 ™ naive,
B lymphocytes, supporting an increased migration of the more
mature CD5™ naive B cells to secondary lymphoid organs,
including peripheral (lymphoid) tissues such as mucosa-
associated lymphoid tissue (MALT).

In contrast to pre-GC B lymphocytes, decreased PC counts in
blood was a hallmark of SM of any diagnostic subtype (including
the only WDSM variant case investigated); this was not mirrored
in BM where normal percentages of PCs were found. At the
present time, it is well established that PCs recently produced in
lymphoid tissues, such as lymph nodes, migrate (via blood) to the
BM and other peripheral tissues where they secrete antibodies of
different isotypes that can be detected in plasma and other body
secretions/fluids.”'**> However, whereas IgG PCs predominantly
migrate to inflammatory sites and the BM, IgA PCs are primarily
located in widespread mucosal regions (where they respond to a
broad spectrum of antigens present in, eg, the GI and the respira-
tory tracts).*'*> Altogether, our results suggest that the deeply
decreased counts of blood circulating PCs observed in patients
with SM might not be directly linked only to the migration of
these cells as long-lived PCs to the BM, but also linked to an
increased migration and/or generation of PCs in MALT (eg, the
GI and respiratory mucosa and/or the skin). In this regard, signif-
icantly lower counts of blood circulating PCs of specific isotypes
were found among patients presenting with specific MC mediator
release—related symptoms (ie, pruritus and flushing were associ-
ated with lower IgM™; IgG17, IgG2™, and IgG3™; and IgA1™"
PCs), organomegalies (patients with splenomegaly and hepato-
megaly had lower 1gG2*, IgA1" and IgA2™, and IgD™ PCs),
and recurrent bacterial/viral infections. H pylori and other se-
vere/recurrent infections (eg, recurrent urinary tract infections,
recurrent respiratory infections, bilateral pneumonia, and recur-
rent COVID-19 infection) were specifically associated with lower
IgM™,1gG1™, and IgG2™ PC counts compared with patients with
SM who presented without those clinical features. These findings,
together with the presence of overall normal total immunoglob-
ulin plasma levels, suggest the existence of an increased migra-
tion of recently produced PCs of all isotypes to BM and
peripheral tissues (eg, MALT), potentially associated with a
locally increased PC production, in line also with the (potentially)
increased tissue migration of pre-GC B lymphocytes, discussed
above. Although further peripheral tissue studies are needed to


http://www.jacionline.org

J ALLERGY CLIN IMMUNOL
VOLUME 155, NUMBER 2

PEREZ-PONS ET AL 637

(sm] ]

!
BMM ISM/ASM
Blood vessel
\ PC HgE ={ v | numbers inbloodof | tIgM Y/
\ 11gG \)f/ )/é TCD8*, NK and PC |IgE \\\(' /=
’ Lymphocite infiltration }
b BS | PC
MO v - Naive ‘ | @
30 1 "N IgA/IgE Bcell V7
\J 9 4 7N “19GlgA
Tyd* = @ ) 5 2, 0.
J DG \ ; DC Activated KITP816V
Mediator release
Mucosal layer
| i , \ =T ]
mNr | )| Ir I " v © @ @
Permeabilidad de la barrera Allergen Impaired mucosal layer Microbial
mucosa intacta 1 permeability antigen

astile,
o

FIG 6. Schematic representation of the dysregulated B-cell, PC, and antibody isotype compartments
observed in blood and plasma of patients with different diagnostic subtypes of SM. In patients with SM,
chronic activation of (eg, mucosal) tissues infiltrated by K/T-mutated MCs associated with the local release
of MC mediators might cause an increased mucosal permeability and, ultimately, distinctly dysregulated
mucosal antigen trafficking. Depending on the predominance of allergen vs commensal microbial antigen
stimuli and the induction of type | vs type Il immune responses, different subsets of blood circulating im-
mune cells are recruited locally, such as NK cells, CD8" T cells, naive B cells, and PCs, which might lead
to the dysregulated humoral response and to the different B-cell, PC, and antibody isotype immune profiles
observed in our cohort among the distinct diagnostic subtypes of SM.

confirm our hypothesis, emerging evidence indicates that
although MC infiltration of peripheral tissues, such as the skin
and the GI tract, is a frequent finding in patients with SM, there
is not a direct correlation between MC levels (as reflected by
the presence of the K7 816V mutation, serum tryptase levels, or
the histologic findings in GI biopsies) and the frequency and
severity of, for example, GI symptoms.”’ Moreover, MC infil-
trates observed in GI and liver biopsy specimens from patients
with SM frequently coexist with mixed inflammatory infiltrates
consisting of lymphocytes, macrophages, and, to a lesser extent,
eosinophils.**** Such lymphoid infiltrates have been observed
in >80% of patients with both nonadvanced and advanced cases
of SM who underwent a liver biopsy.”’ Altogether, these data
further support the notion that decreased PC counts in blood of pa-
tients with SM and involvement of other organs (eg, skin and GI
tract) might be due to an increased migration and/or local produc-
tion of PCs in peripheral tissues, potentially triggered by an
increased mucosal permeability and the greater microbial/
allergen exposure induced by the locally increased release of me-
diators by KIT-mutated infiltrating MCs. This could lead to
locally increased antibody production with overall normal plasma

immunoglobulin levels. In line with these findings, an expansion
of IgH class-switched MBCs has been reported in gut tissues of
individuals with a hereditary alpha-tryptasemia—positive geno-
type:“which is known to be more prevalent among patients with
SM.™

In-depth analysis of antibody levels in plasma of patients with
SM also revealed an altered profile with elevated amounts of IgM
and IgD, particularly among patients with BMM and ISMs. The
existence of increased IgM plasma levels further supports the
hypothesis of an increased encountering of new antigens that
trigger primary B-cell responses in SM; meanwhile the potential
mechanisms underlying the greater IgD plasma levels warrant
further investigations. Interestingly, however, increased IgM and
IgD plasma levels were associated with uniquely different profiles
for the other immunoglobulin isotypes in BMM cases versus ISM
and ASM cases. Patients with BMM displayed significantly
increased IgE levels together with decreased amounts of IgG and
normal IgA, which translated into elevated IgE/IgG and IgE/IgA
ratios compared with HDs, patients with ISM and patients with
ASM. In contrast, patients with ISM showed normal IgE and IgG
plasma levels, in parallel to elevated IgM and IgD values, leading
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to a decreased IgG™ IgA/IgM ratio, whereas patients with ASM
displayed lower IgE plasma levels together with increased IgM
values. Altogether, these data point out an increase in IgE type
II immune responses, with decreased IgG levels, in patients
with BMM, consistent with the greater frequency of allergic re-
sponses (approximately 90% of patients had anaphylaxis associ-
ated in half of the cases with IgE-mediated HVA as diagnostic
trigger) observed in this diagnostic subtype of SM.***"** Inter-
estingly, however, the increased IgE plasma levels found in pa-
tients with BMM do seem to be a specific feature of this disease
subtype, as patients with ISM who also presented with anaphy-
laxis showed significantly lower IgE plasma levels (vs BMM
cases), similar to those found in age-matched HDs. Meanwhile,
patients with ISM, particularly cases of ASM, displayed a shift to-
ward IgM/IgG, but not IgE, type I antibody immune responses
against newly encountered commensal bacteria and other mi-
crobes (Fig 6). Independently of the cause of these different im-
mune response profiles, our data support the notion that the
heterogeneity of MC mediator release—associated symptoms
cannot be solely explained by the presence of variable numbers
of KIT”®'®V-mutated MCs and the tumor MC burden,”** sup-
porting a key role for other bystander immune cells and the local
or systemic immune response profiles in determining and modu-
lating such symptoms, as previously indicated by others.”” Of
note, preliminary data obtained in patients with advanced SM
suggest that in vivo inhibition of KITP8'eY by targeted therapies
may not reverse these immune alterations, at least in the short
term (data not shown).

Recent studies have demonstrated an increase in multiple
markers that reflect an abnormal (eg, GI) mucosal permeability in
ISM, in close association with specific clinical ﬁndings.so Of note,
disruption of the normal (eg, GI) mucosal barrier induced by spe-
cific MC mediators and locally produced cytokines (eg, TNF-a,
interferon, or IL-1) that are increased in SM?*°! have also
been reported to enhance mucosal permeability (eg, in the GI
tract),Z("5 ! which, in turn, may substantially affect antigen traf-
ficking and modulate the close interaction between the gut micro-
biome (shaped mostly by IgA ™" PCs) and the local versus systemic
immune responses.””” Our data suggest that the different im-
mune profiles observed among the distinct diagnostic subtypes
of SM might result from different antigen trafficking at the
MALT and mucosal tissues, potentially triggered by chronic acti-
vation of tissue-infiltrating KIT-mutated MCs, associated with the
local release of MC (epithelial and other immune cell) mediators.
This might ultimately lead to a greater local increased recruitment
of naive B cells and the production of antibody-secreting PCs of
different isotypes, depending on the predominance of allergen
versus commensal microbial antigen stimuli, the oxidative (eg,
DUOX1 vs DUOX2 oxidase and signaling) potential of epithelial
cells, and the induction of type I versus type II immune re-
sponses.”” Further investigations focused on the study of local
mucosal immune responses in SM are critical to better understand
the role of the mucosal barrier in SM and to confirm our hypoth-
esis (Fig 6).

In summary, we report here for the first time a significant
dysregulation of the B-cell and PC compartments in blood of
patients with SM in association with distinctly altered antibody
isotype profiles in plasma of patients with distinct diagnostic
subtypes of SM. Further investigations are needed to better
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understand the precise underlying pathophysiologic mechanisms
involved in the alteration of the B-cell compartment in SM and its
contribution to the variable clinical behavior of the disease.
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Key messages

o Patients with SM show a significant dysregulation of
blood circulating B-cell and PC compartments together
with distinctly altered immunoglobulin isotype profiles

in plasma.

o Different immune B-cell, PC, and immunoglobulin iso-
type profiles were found among patients with BMM,
ISM, and ASM.
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