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MRGPRX2-expressing mast
cells are increased in the Gl
tract of individuals with active
inflammatory bowel disease
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Introduction: Hereditary a-tryptasemia (HaT), defined by increased TPSABI1 copy
number and elevated basal serum tryptase, is associated with mast cell (MC)-
mediated symptoms. However, its role in gastrointestinal disease remains unclear.
Because intestinal MCs express the non-IgE-dependent activation receptor
MRGPRX2, we investigated whether MRGPRX2 expression and MC phenotypes
are altered in individuals with HaT in the context of inflammatory bowel disease (IBD).
Methods: We genotyped 854 biobanked IBD samples to identify individuals with
HaT. Spatial transcriptomic analysis was performed on descending colon tissue
from individuals with HaT (n=4) as well as tissue and severity matched
non-HaT controls (n =4). Small intestinal biopsies were additionally analyzed
using mass cytometry (CyTOF) from HaT individuals (n=5) and non-HaT
controls (n=9). Droplet digital PCR (ddPCR) was used to establish TPSAB1
copy number variant for HaT detection. Comparisons across groups were
performed using Welch's t-test with effect sizes and 95% CI.

Results: Across complementary platforms, HaT was associated with increased
gastrointestinal mast cell abundance and elevated expression of mast cell
activation markers, including CD203c, LAMP-1, and SIGLECS8. Both spatial
transcriptomics and ddPCR demonstrated significantly increased MRGPRX2 and
SIGLECS transcript levels in IBD samples from individuals with HaT compared
with matched non-HaT IBD controls.

Discussion: These findings suggest that enhanced MRGPRX2 expression and mast
cell activation may contribute to gastrointestinal symptoms in individuals with HaT,
particularly in the setting of IBD. As interest in precision immunogenetics grows,
defining mast cell phenotypes linked to a-tryptase copy number may help refine
diagnostic evaluation and identify patients who could benefit from emerging
mast cell-targeted therapeutic strategies in the context of IBD.

KEYWORDS
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1 Introduction

Hereditary o-tryptasemia (HoT) is classified as an autosomal
dominant genetic trait prevalent in western populations (1, 2).
It is characterized by elevated basal serum tryptase (BST) of
>8 ng/ml resulting from increased copy number of the TPSABI
gene encoding o-tryptase (3-7). Severe symptoms can be
associated with this trait and include anaphylaxis, gastrointestinal
symptoms, and food and chemical sensitivity (8, 9).

Hereditary o-tryptasemia has also been shown to influence
mast cell-associated biology in certain contexts, although its
clinical expression is heterogeneous (7, 10, 11). Several studies
have reported an overrepresentation of HaT among individuals
with clonal mast cell disorders such as systemic mastocytosis
and have described a gene-dose effect on BST together with
increases in mediator-related symptoms (12-15). Tissue-based
analyses have further shown increased duodenal mast cell
numbers in individuals with HaT relative to controls (10,
14-16), suggesting that o-tryptase gene dosage may affect mast
cell homeostasis in the gastrointestinal tract. These observations,
raise the possibility that HoT could modulate mast cell-
dependent pathways in specific biological or clinical settings.

In humans, MCs are the primary source of tryptases. There
are several isoforms of tryptase, such as alpha (o-), beta (B-),
gamma (y-), and delta (3-), with secreted isoforms being a- and
B-tryptases, which are the only ones associated to clear
physiological and pathological outcomes, hence the focus of this
study (2, 11).

Mature tryptases assemble into tetramers that can be either
heterotetrameters (o:f) or o-tryptase (o:a) or PB-tryptase (B:p)
homotetramers (10, 12, 15). While o-tryptase homotetramers
have negligible proteolytic activity, o:B-heterotetramers, but not -
tryptase homotetramers, render MCs susceptible to vibration-
triggered degranulation. This occurs through cleavage of the a-
subunit of the mechanosensing adhesion G protein coupled
receptor (GPCR) epidermal growth factor (EGF)-like module-
containing mucin-like hormone receptor-like 2 (EMR2) encoded
by Adhesion GPCR E2 (ADGRE2) (2). This may help explain why
some individuals with HaT display cutaneous symptoms such as
flushing and erythema in response to vibratory stimuli (17).

Mature tryptases have been shown to contribute to immediate
hypersensitivity in a humanized mouse model of anaphylaxis;
neutralization of their enzymatic activity was shown to limit
IgE-mediated temperature drop in this context (18). Moreover,
MC activation and degranulation can be heterogeneous,
depending on specific tissue localization and IgE production
(19). Some MCs of mucosal origin express tryptase only, and
connective-tissue MC canonically express tryptase, chymase, and
carboxypeptidase A3 (CPA3)/cathepsin G, with their relative
abundance differing by site (20). Single-cell atlases show that
MCs adopt tissue-specific transcriptional programs and cluster
primarily by organ; in mice, conserved mucosal-type vs.
MrgprB2* connective-tissue-type signatures are evident, with
distinct programs observed in human tissues (20, 21). However,
in the lung, scRNA-seq of sorted human MCs finds a
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predominance of tryptase-expressing MCs with variable CMA1/
CTSG and high CPA3 mRNA. These data exemplify that
heterogeneity is likely a continuum rather than a representation
of discrete subtypes, and also suggests that there may be
plasticity within this compartment that may be modified by host
or environmental factors (22).

Because B-tryptase-induced MC degranulation is sensitive to
pertussis toxin, it is postulated that a Gai-protein coupled, like
Mas-Related GPCR-X2 (MRGPRX2), is involved in this
autocrine mechanism (11, 23). MRGPRX2 is a GPCR that is
predominantly expressed in connective tissue MCs (24) and,
while largely studied in the skin, it is also expressed in intestinal
MCs (8, 25). This receptor is involved non-IgE-mediated
immediate hypersensitivity reactions (26). Cationic ligands
(HBDs),
neuropeptides, wasp venom, neuromuscular-blocking drugs, and

including host defense antimicrobial peptides
fluoroquinolone antibiotics have been shown to activate MCs via
MRGPRX2 in vitro (24, 27, 28). Of particular clinical relevance
is the association between HaT and Hymenoptera venom-
mediated anaphylaxis (HVA) where patients with HoaT present
with more severe HVA than those without (3, 10, 15, 29, 30).
Recent studies have reported that certain MRGPRX2 agonists
are upregulated in colonic tissues of inflamed ulcerative colitis
(UC) patients compared to those with inactive disease (25).
MRGPRX2 has also been observed to increase MC-mediated
release of histamines which may contribute to gastrointestinal
diseases such as irritable bowel syndrome (IBS) and intestinal
pain (31, 32). Additionally, we have observed similarities in
clinical manifestations and increased intestinal epithelium
pyroptosis in patients with HoT and those with quiescent IBD
(8). A recent publication has also associated HoT with refractory
Celiac disease in individuals otherwise histologically responding
to a gluten-free diet (33). Therefore, the possibility of an
expression of MRGPRX2 in the

gastrointestinal (GI) tract of symptomatic individuals with HaT

increased presence or

requires examination.

Herein, we show that MRGPRX2 is increased in GI mucosal
biopsies from individuals with inflammatory bowel disease (IBD)
and HoT. Furthermore, we demonstrate that MRGPRX2+ small
intestinal (SI) MCs have a higher expression of CD63, CD203c,
and LAMP1 compared to MCs that do not express MRGPRX2.

2 Materials and methods

2.1 Study participants and sample
availability

DNA samples to determine a-tryptase copy number variant
were kindly provided by the IBD biobanks from University of
Pennsylvania and Mayo Clinic. Using the same participant pool
from the University of Pennsylvania IBD biobank, we obtained
tissue matching location (large intestine) and severity
(moderate) for transcriptomics analysis was obtained from the
IBD biobank from the University of Pennsylvania. Additional

tissue samples to perform cytometry by time of flight (CyTOF)
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were obtained from participants who were given informed
consent from our approved IRB research protocols at NIAID
(NCT01164241, NCT00852943), UMMC (IRB 2019-0082).
Samples from our previous study (8) were also used as disease
controls: patients with quiescent Crohn’s disease (CD)—defined as
any subject with a previous CD diagnosis, who had no evidence of
active inflammation on ileal biopsy at the time of the study—who
did not have HaT, provided informed consent and were enrolled
on the same IRB-approved protocols. We collected Clinical and
histopathological information from the respective electronic
medical record systems at University of Mississippi Medical
(UMMC) in with
participant protocols. Additional RNA samples kindly provided

Center accordance approved human
by Dr. Therrien at Beth Israel Deaconess from patients with and
without HaT (n=16 and 19, respectively) without IBD was used
for MRGPRX2 expression validation.

A detailed summary of participant numbers, disease
phenotypes, tissue sources, and analytic platforms for each
cohort is provided in Table 1 and illustrated in Figure 1A.

Data is publicly available at https://github.com/nuzla/-

GEO_HaT_Xenium_Submission.

2.2 Tryptase genotyping

Droplet digital PCR was performed as described (1) to
determine tryptase genotypes of all study participants on a
research basis in the laboratory of Dr. Lyons at University of
California, San Diego (UCSD) or using a clinical laboratory
(Gene by Gene, Houston, TX).

10.3389/falgy.2025.1726096

2.3 Total basal serum tryptase
quantification

Total basal serum tryptases (BST) levels were measured
in a subset of participants using a commercially available
ImmunoCAP assay (Thermo Fisher Scientific, Phadia AB,
Uppsala, Sweden) and performed in a CLIA-certified laboratory
(Mayo Clinic, Rochester, NY). BST values were not required for
cohort inclusion, as they are typically obtained only when
clinically indicated and are not routinely measured in
asymptomatic controls or in biobanked specimens collected
for unrelated clinical purposes. Classification of hereditary
a-tryptasemia (HoT) for the present study was therefore based
exclusively on TPSABI copy number determined by digital
droplet PCR (ddPCR), the definitive diagnostic assay for
HaT. BST levels were not used as an analytical variable in the

molecular studies.

2.4 Isolation of lamina propria
mononuclear cells and CyTOF

Single cell suspensions were made from small intestine
biopsies (n=17; 5 HaT and 9 controls) from symptomatic, non-
IBD participants with histologically normal mucosa were
analyzed by mass cytometry. Samples were collected in 90% FBS
with 10% DMSO and slow frozen as described (34). Thawed
small intestinal tissue samples were digested overnight on a
shaker at 37°C in complete RPMI
collagenase and 2 uL of DNase per 12.5 mL media. Undigested

media with 2uL of

TABLE 1 Summary of the study cohorts included in genotyping, spatial transcriptomics, and CyTOF analyses.

Cohort/Analysis N HoT | Non- Clinical

HaT

samples | (n)

phenotype

Tissue
type

Analytic platform

(n)

Genotyping cohort 854 36 818 IBD (UC, CD) and non- | DNA from ddPCR (TPSAB1 CNV) Used to determine HoT
(University of phenotyped biobank biobanked prevalence and to identify
Pennsylvania + Mayo Clinic submissions whole blood matched samples for

across HaT and non-
HoT

biobanks) downstream molecular
analysis.

Subtype-stratified 433 21 412 UC (n=196) and CD DNA ddPCR (TPSAB1 CNV) Provided disease-specific

genotyping subset (UPenn (n=237) HoT frequency estimates

only) (UC: 13/196; CD: 8/237).

Spatial transcriptomics 8 4 4 Severe IBD: UC (n=4), | Descending 10x Visium Spatial Selected from genotyped

cohort CD (n =4)—balanced colon Transcriptomics + scCRNA- cohort; used to evaluate MC

binning

abundance and MRGPRX2
expression patterns.

expression cohort

participants with
histologically normal
small intestine

CyTOF cohort (UMMC, 17 5 12 Symptomatic, non-IBD | Small intestine | Mass cytometry (CyTOF) Independent functional
separate from biobank) participants with cohort used to assess MC
histologically normal phenotypes associated with
small intestine HoT. All samples H&E-
normal.
ddPCR of MRGRX2 35 16 19 Symptomatic, non-IBD | Small intestine | ddPCR Used to evaluate MRGPRX2

expression independent of
spatial transcriptomics

The large ddPCR genotyping cohort (n = 854) identified individuals with hereditary a-tryptasemia (HoT) and provided the basis for disease-stratified analyses and selection of matched
samples for downstream molecular studies. Spatial transcriptomics was performed on a balanced subset of eight severe IBD samples (4 HaT, 4 non-HoT) from the descending colon.
CyTOF was performed on an independent cohort of symptomatic but histologically normal small intestinal biopsies (1 =17). This table clarifies the relationship between the genotyped

cohort and the molecular datasets.
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FIGURE 1
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Prevalence of HaT in biobanked IBD samples and distribution across UC and CD. (A) Study cohort description. (B) TPSAB1 copy-number variation was
assessed by digital droplet PCR (ddPCR) in 854 DNA samples from the University of Pennsylvania and Mayo Clinic IBD biobanks. Overall, 4.2% (36/
854) of samples were positive for hereditary a-tryptasemia (HaT). (C) Among the subset with known IBD subtype (n = 433), HoT prevalence was 13/
196 in ulcerative colitis (UC) and 8/237 in Crohn's disease (CD). Proportions were compared using a two-sided Fisher's exact test; effect sizes are
reported as risk difference with 95% Cl. Panel A created with BioRender under institutional license.
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material was filtered out using a 100 uM filter. Single cells were
resuspended in CyTOF staining buffer and counted. Cells,
1x 10%sample were prepared for CyTOF according to the
Fluidigm protocol (8, 34) with minor modifications. Cells were
stained with Rh103 for viability, washed, blocked with Fc-Block
and incubated with the cocktail of metal-coupled surface antibody
for 30 min. Cells were then resuspended in FOXP3 fixation and
permeabilization buffer (Invitrogen) for 45min and stained
with intracellular antibody cocktail for 45 min. They were finally
fixed in 1.6% formaldehyde and stained with Ir-DNA intercalator
solution. Cells were resuspended in CAS solution 1:10 dilution of
EQ beads and run on a Helios CyTOF machine (Fluidigm) at the
HMS CyTOF Core at Yale. All antibodies were obtained from
either Fluidigm or from the Harvard CyTOF antibody core. Data
were analyzed using premium CyTOBANK cloud-based software.
Statistical analysis was performed using GraphPad Prism 7
software (GraphPad Software, San Diego, CA). All samples were
processed, stained, barcoded, and acquired in a single CyTOF
run, eliminating acquisition-related batch effects and no
additional computational batch correction was required. Data
preprocessing included bead normalization, debarcoding, and
gating in FlowJo and Cytobank. Two mast cell populations
(CD45" Lin~ ¢-KIT" FceRI" Tryptase™) were identified. Marker
intensities were arcsinh-transformed (cofactor=5). Group
differences (HaT vs. non-HoT; MRGPRX2" vs. MRGPRX2")
test. For all

comparisons, effect sizes (Cohen’s d) and 95% confidence

were evaluated using Wilcoxon rank-sum
intervals were calculated. Because only a small, predefined set of
activation markers was examined, Benjamini-Hochberg FDR
tested

simultaneously. See Supplementary Table S2 for antibody and

correction was applied when >3 markers were

metal list and Supplementary Figure S3 for gating strategy.

2.5 Digital droplet PCR

To determine expression of MRGPRX2, we used a premade
probe (BioRad Cat# 10031252) and followed manufacturer’s
instructions. The assay was run in a BioRad automated droplet
generator and BioRad QX600 droplet digital PCR system with
BioRAD ddPCR reagents at the manufacturer recommended
concentrations. Results were analyzed with BioRad Quantasoft
Software (version 2.1).

2.6 Spatial transcriptomics

Frozen descending colon biopsies from 4 individuals with HoT
and 4 matched non-HaT IBD controls (tissue type and severity)
from the University of Pennsylvania IBD biobank were analyzed
using the 10x Genomics Xenium platform as described (35).
Xenium Explorer v3.1 was used for imaging, transcript alignment,
and feature selection. Raw count matrices were imported into R
(v2023.06.1 + 524) and processed with Seurat v5.3.0. Low-quality
cells were removed (<200 genes or >20% mitochondrial RNA).
Normalization — was SCTransform  with

performed  using
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mitochondrial regression, followed by PCA on the top 3,000
HVGs. Clustering was performed using the Louvain algorithm
(resolution = 0.5). Marker genes were identified using a Wilcoxon
rank-sum test with Benjamini-Hochberg FDR correction (adjusted
p<0.05 and log,FC > 0.25). Pseudobulk counts were generated by
and differential
expression between HoT and non-HoT conditions was evaluated
using DESeq2 (v1.42.1) with BH-adjusted FDR < 0.05. Effect sizes
(log,FC and Cohen’s d with 95% Cls) were computed at the
pseudobulk level. All visualizations were created using ggplot2

summing transcripts per cluster x sample,

(v3.5.2), cowplot (v1.1.3), and Seurat plotting functions. All
packages used are listed in Supplementary Table S3.

2.7 Seurat and pseudobulk analysis

Analyses were performed in R (v4.3) with Seurat v5. Low-
quality cells were removed using distribution-aware filters
(Tukey fences for counts, features, and mitochondrial percentage).
HVGs (up to 3,000 genes/assay) identified with
FindVariableFeatures (method = “vst”). Group comparisons used a
Wilcoxon rank-sum test, Welch’s t-test, and DESeq2 pseudobulk
analysis. All p-values were corrected using Benjamini-Hochberg
FDR. Effect sizes (Cohen’s d, Cliff's A) and corresponding 95%
CIs were calculated for all pseudobulk comparisons. For gene-

were

level models, we used a linear mixed-effects model (Ime4/
ImerTest) with sample ID as a random effect to account for
within-sample cell-level correlation. All analyses were scripted in
R 4.3 with Seurat v5, edgeR/DESeq2, and ggplot2 v3.

2.8 Statistical analysis

Unless otherwise specified, data are presented as
mean * standard deviation (SD). Comparisons between two
groups were performed using Welch’s t-test (for normally
distributed data) or the Wilcoxon rank-sum test (for non-
normal data). When more than two groups were compared,
one-way ANOVA with Bonferroni post hoc correction or the
non-parametric Kruskal-Wallis test was applied as appropriate.
For ddPCR copy-number assays and ddPCR-based MRGPRX2
(HoT: n=16; non-HaT: n=19),

group differences were evaluated using Welch’s ¢-test with effect

expression measurements

sizes (Cohen’s d) and 95% confidence intervals reported.
Detailed statistical approaches for spatial transcriptomics and
CyTOF analyses—including multiple-testing correction, effect-
size calculations, and model structures—are provided in their
respective Methods subsections. Briefly, spatial transcriptomic
comparisons used DESeq2 with Benjamini-Hochberg false
discovery rate (FDR) correction, and pseudobulk analyses were
conducted at the sample level using both Wilcoxon and Welch’s
t-tests, with effect sizes reported as Cohen’s d and Cliff's A.
Linear mixed-effects models (Ime4/lmerTest) were used to
account for within-sample cell-level correlation. For CyTOF
datasets, arcsinh-transformed marker intensities were compared
using Welch’s or Wilcoxon tests, with BH-FDR correction
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applied when multiple markers were evaluated simultaneously,
and effect sizes (Cohen’s d, 95% CI) were calculated.

All statistical tests were two-sided. Given the exploratory
nature and limited sample size of several cohorts, p-values
should be interpreted with caution, and effect sizes and
confidence intervals are emphasized throughout. Analyses were
performed in GraphPad Prism (GraphPad Software), R (v4.3),
and Python, using Seurat v5, DESeq2, lme4, Cytobank, and
associated statistical packages.

3 Results

Tryptase genotyping was performed on 854 DNA samples
from the University of Pennsylvania (n=433) and Mayo Clinic
(n=421) IBD Biobanks using digital droplet PCR. Overall, 4.2%
(36/854) of samples were positive for HoT (Figure 1A). Clinical
stratification by IBD subtype (UC vs. CD) was available for 433
samples. Within this subset, individuals with ulcerative colitis
showed approximately twice the frequency of HaT (13/196)
compared with those with Crohn’s disease (8/237) in the
University of Pennsylvania cohort (Figure 1B).

To determine whether the genetic enrichment of HoT in IBD
corresponded to detectable differences in mast-cell-associated
pathways at the tissue level, we next examined transcriptomic
and protein expression signatures in a series of nested molecular
cohorts derived from the larger genotyped population. Because
archived tissue availability varied across participants, each
downstream analytic modality—spatial transcriptomics and
CyTOF—was performed on the subset of samples for which
high-quality RNA or viable tissue was accessible. These
molecular analyses included matched HoT and non-HaT
samples from individuals with well-phenotyped IBD (ulcerative
colitis or Crohn’s disease), enabling us to evaluate whether a-
tryptase gene dosage was associated with altered mast cell
abundance, MRGPRX2 expression, or activation state within the
intestinal mucosa. A summary of cohorts, tissue types, analytic
platforms, and TPSAB1 copy-number distribution is shown in
Table 1 to clarify the relationship between the genotyping
dataset and downstream molecular experiments.

Next, we determined the expression of MRGPRX2 in these
tissues using spatial transcriptomic analysis as well as ddPCR from
8 samples obtained from the biobank cohort—4 with HoT and 4
without HoT from matching tissues, all descending colon with
severe IBD at presentation. As expected, single-cell analysis of
spatial transcriptomics sequencing data demonstrated higher
numbers of MCs in the HaT samples. However, MRGPRX2
expression was notably higher in MCs of HoT samples. This
finding suggests that increased MRGPRX2 gene expression on
HoT samples is not simply a function of more MC presence, but
represents an increase in transcription (Figures 2A-C). We
observed that MRGPRX2 expression was not limited to MCs,
(Figure 2D), with relevant implications in subsequent studies. In
addition, we observed that MRGPRX2 transcripts (red dots) are
increased in the HoT tissues with IBD relative to the IBD alone
group (Figure 2E). To validate the spatial transcriptomic findings,
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we analyzed RNA from a separate cohort of IBD with and without
HoT by ddPCR and found that MRGPRX2 gene expression was
again significantly increased in HaT (Figure 2F). Pseudobulk
analysis of the spatially sequenced data demonstrated that
MRGPRX2 expression was globally increased in the HoT positive
group, regardless of specific cell source (Figure 2G).

Next, to determine whether our observations in the colon were
generalizable to other regions of the gastrointestinal tract, we
analyzed mast cell (MC) phenotypes in the lamina propria of
the small intestine using mass cytometry (CyTOF; antibody
panel in Supplementary Table S2). The number of samples
available for CyTOF analysis was inherently limited by the rarity
of HaT and the challenge of obtaining duodenal tissue from
symptomatic but histologically normal individuals undergoing
of the
represents a small exploratory cohort consisting of five HoT

endoscopy. Consequently, this component study
samples and twelve controls. These data are therefore intended
to provide preliminary, hypothesis-generating insight into MC
phenotypes rather than definitive estimates of effect size.

All small intestinal biopsies were histologically normal by
hematoxylin and eosin staining. Two MC subpopulations
(CD45", Lin~, c-KIT", FceRI", Tryptase'; gating strategy in
Supplementary Figure S1) were identified. Across both non-HaT
(Figure 3A) and HoT (Figure 3B) groups, MRGPRX2" MCs
demonstrated increased expression of activation-associated
markers CD63, CD203c (ENPP3), LAMPI1, and SIGLECS8
compared with MRGPRX2™ MCs. Notably, when examining the
overall MC compartment independent of MRGPRX2 status, we
did not observe significant differences in CD63, CD203c, or
LAMPI1 expression between HoT and non-HoT participants,
suggesting that these changes are specific to the MRGPRX2"
MC subset. In contrast, SIGLEC8 expression was significantly
increased in the HaT group (Figure 3C). While these findings
provide initial evidence of distinct mast cell phenotypes
associated with HoT in the small intestine, they remain
exploratory and require validation in larger cohorts.

Finally, to further explore the expression of SIGLECS, we
performed pseudobulk analysis of the transcriptomic sequencing
data obtained from the biobank IBD samples in order to
determine differentially expressed genes per group (HaT vs.
non-HoT). Consistently, we found SIGLEC8 was expressed at
higher levels among patients with HoT (Figure 4A). When
comparing HaT vs. non-HaT samples by pseudobulk analysis,
we also observed upregulation of genes related to epithelial
integrity, such as MS4A12, KRTI1 and genes with immune
regulatory functions (Figure 4B).

4 Discussion

When UC and CD were considered together, the overall
prevalence of HoT in our genotyped IBD population fell within
the expected range for the general population (36). Although
neither UC nor CD showed true enrichment, HoT occurred at
approximately twice the frequency in UC compared with CD.
Both values remain compatible with population variability, but
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FIGURE 2
Mast cells from IBD patients with HaT demonstrate increased MRGPRX2 expression. Spatial transcriptomics (10x Xenium) was performed on 8
descending colon biopsies from the University of Pennsylvania IBD biobank (4 HaT, 4 non-HaT; balanced UC/CD). (A) UMAP embedding
showing major cellular populations. (B) Mast cells (MCs), defined as TPSABL* MS4A2* KIT*, are more abundant in HoT samples. (C) Feature map
of isolated MCs demonstrating increased MRGPRX2 transcript levels in HaT. (D) Digital droplet PCR (ddPCR) of representative tissues from the
same cohort confirms upregulated MRGPRX2 expression in HaT vs. non-HaT. (E) Spatial transcriptomics images showing increased MRGPRX2
transcripts (red dots) in HaT-positive IBD tissue compared with non-HaT tissue. (F) ddPCR validation on matched samples (HaT: n = 4; non-HaT:
n =4) showing elevated MRGPRX2 mRNA. (G) Pseudobulk differential expression demonstrates significantly increased MRGPRX2 in HoaT samples.
For transcriptomic analyses, differential expression was calculated using DESeqg2 with Benjamini-Hochberg FDR correction (FDR < 0.05). Effect
sizes are shown as log, fold-change with 95% Cls. For ddPCR comparisons, Welch's t-test was used with Cohen’s d reported.

the relative difference between UC and CD may warrant further
exploration in larger cohorts. Within this framework, we observed
increased MRGPRX2 expression in IBD tissue from individuals
with HaT. Given prior links between MRGPRX2 and UC

inflammation (25), and between HaT and gastrointestinal
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immunopathology (8), these data support the concept that HoT
and MRGPRX2 expression may act as modifiers of IBD
manifestations in at least a subset of patients.

Although mast cells are the principal source of MRGPRX2, we
also observed MRGPRX2 transcripts outside mast cell clusters,
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selective enhancement of SIGLECS8 in the HaT subgroup.
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CyTOF analysis reveals increased SIGLEC8 in MRGPRX2™ mast cells within the small intestine of individuals with HoT. Small intestine biopsies from
symptomatic, non-IBD participants (n =17 total; HaT =5, non-HaT =9) were analyzed by mass cytometry (CyTOF). All samples were stained,
barcoded, and acquired in a single run, with EQ bead normalization applied; no batch correction was required. Marker intensities were arcsinh-
transformed (cofactor=>5). (A) Across all samples, MRGPRX2* MCs exhibited higher expression of CD63, CD203c, LAMP1, and SIGLEC8
compared with MRGPRX2™ MCs (Wilcoxon test; BH-FDR correction applied for multiple markers; effect sizes reported as Cohen'’s d). (B) In
participants with HoT, MRGPRX2" MCs showed significantly increased activation markers compared with MRGPRX2~ MCs. (C) When comparing
MRGPRX2* MCs from HoT vs. non-HaT individuals, SIGLEC8 was the only marker differentially expressed after FDR correction, indicating

suggesting that additional cell types within the intestinal mucosa
MRGPRX2-dependent The
MRGPRX2" mast cell subset showed increased expression of

may contribute to signaling.
activation-associated markers, consistent with reports linking
mast cell activation to IBD severity and activity (37, 38). These
findings are in keeping with an emerging view of mast cells as
context-dependent regulators of mucosal inflammation rather
than purely effector cells of allergy.

At the transcriptional level, non-HoT samples showed the
expected high expression of T-cell-associated genes (TRBCI, TRAC,
IL7R, CCL5, ITK, BATEF), linked to

immunopathology in IBD (39-42). By comparison, HoT samples

which have been
demonstrated comparatively reduced T-cell signatures and increased
SIGLEC8  (43), with a
transcriptional program. Although prior clinical studies have
reported a higher frequency of HaT among individuals evaluated for
clonal mast-cell disorders, this association is likely influenced in part

consistent more mast-cell-skewed

by referral patterns and baseline tryptase testing rather than a direct
causal relationship. In this context, increased SIGLEC8 expression in
our cohorts likely reflects counter-regulatory pathways and/or
greater mast-cell abundance or activity (3, 44, 45), and may coincide
with T-cell functional changes shaped by mast-cell mediators
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(46-48). Our exploratory findings suggest that HaT in IBD may be
associated with heightened mast cell activity and upregulation of
MRGPRX2 and SIGLECS, pointing to a mast cell-centric endotype
that could hold diagnostic or therapeutic relevance in refractory
IBD. Although preliminary, these results modestly refine our
understanding of mast cell states in the setting of elevated basal
serum tryptase and underscore the potential clinical implications of
mast cell-directed approaches in MC-driven disease (49, 50).
Hereditary o-tryptasemia (HoT) has increasingly been recognized
as a genetic modifier in mast cell (MC)-mediated conditions and is
overrepresented in clonal MC disorders such as systemic mastocytosis
(5, 13, 15, 51). Foundational genetic studies demonstrated a gene-dose
effect on basal serum tryptase (BST) together with an increased
burden of mediator-related symptoms (3, 15), supporting the concept
that HaT can amplify MC-driven phenotypes in susceptible contexts.
However, several groups have emphasized that the clinical impact of
HoT is variable and may not define a single, uniform phenotype. For
example, Chollet et al. reported substantial heterogeneity among
carriers in a small referral cohort (52), and Rama et al. (53)
highlighted the broader diagnostic uncertainty that exists in mast cell
activation disorders by demonstrating that commonly used clinical
scoring systems have variable performance in predicting clonal
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Individuals with IBD and HaT exhibit increased SIGLEC8 expression in colon tissue. Spatial transcriptomics and pseudobulk analysis were performed
on 8 representative descending colon samples (4 HaT, 4 non-HaT; balanced UC/CD). (A) Pseudobulk counts aggregated by sample show higher
SIGLEC8 expression in the HaT group (Wilcoxon test; Cohen's d and 95% CI reported). (B) Volcano plot of DESeg2 pseudobulk differential
expression analysis contrasting non-HaT (blue) and HaT (red) samples. Genes surpassing FDR <0.05 (Benjamini-Hochberg correction) are
highlighted. SIGLEC8 is prominently upregulated in HaT, consistent with findings from CyTOF and ddPCR validation.
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disease. These findings underscore the complexity of interpreting
mediator-related symptoms and BST elevations in clinical practice,
and they reinforce the need to consider genetic contributors such as
HoT alongside other sources of diagnostic ambiguity. Even so, two
independent studies of idiopathic anaphylaxis (IA) without clonal
mast cell disease found HoT in ~17%-29% of cases—far exceeding
population rates—with increased TPSAB1 copy number accounting
for persistently elevated BST in a subset of patients (12, 54). Taken
together, available evidence demonstrates that while HaT does not
produce a uniform clinical syndrome, rather functions as a common
genetic trait that increases susceptibility to severe or amplified MC-
mediated responses under specific triggers or disease contexts.
Supporting this model, duodenal biopsies from individuals with HoT
show increased mucosal MC numbers compared with controls (8, 16,
33), indicating that o-tryptase gene dosage may influence tissue-level
MC homeostasis and potentially modify disease expression beyond
clonal mast cell disorders. Accordingly, the diagnostic uncertainty
emphasized by these contrasting publications reinforce the
importance of disentangling genetic factors—such as HoT—from
other sources of variation in MC activation, a goal directly addressed
by our study.

This study has some important limitations. First, the CyTOF
component reflects a small exploratory cohort, driven by the
practical challenges of obtaining duodenal biopsies from
symptomatic but histologically normal individuals with HoaT—a
relatively uncommon genetic trait seldom biopsied outside research
protocols. As a result, these findings should be interpreted as

preliminary rather than definitive. Second, although we observed
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consistent trends in MRGPRX2 expression and mast-cell activation
markers across datasets, larger cohorts will be required to determine
the reproducibility and clinical significance of these associations.
Despite these constraints, our integration of genotyping, spatial
transcriptomics, and high-dimentional immune phenotyping across
MC-associated
signature in individuals with HaT and IBD. These findings

independent cohorts reveals a reproducible
establish a biological foundation for future mechanistic studies and
prospective clinical investigation. Our work highlights HoT as a

potentially meaningful modifier of mucosal immunity in the GI tract.

Data availability statement

All code and processed data (expression matrices, CyTOF
files, and metadata) are available in our public GitHub
https://github.com/nuzla/-GEO_HaT_Xenium_Sub
mission. Additional materials may be requested from the

repository:

corresponding author.

Ethics statement

The studies involving humans were approved by NIAID
(NCTO01164241, NCT00852943), UMMC (IRB 2019-0082). The
studies were conducted in accordance with the local legislation
and institutional requirements. The participants provided their
written informed consent to participate in this study.

frontiersin.org


https://github.com/nuzla/-GEO_HaT_Xenium_Submission
https://github.com/nuzla/-GEO_HaT_Xenium_Submission
https://doi.org/10.3389/falgy.2025.1726096

Galeas-Pena et al.

Author contributions

MG-P:  Data
Visualization, Writing — original draft, Writing - review & editing.
Data
Resources, Supervision, Writing — original draft, Writing — review &
editing. DL-L: Formal analysis, Investigation, Writing — original
draft. SE: Formal analysis, Investigation, Writing — original draft.
GY: Formal analysis, Writing - review & editing. KW: Formal

curation, Formal analysis, Investigation,

JL: Conceptualization, curation, Funding acquisition,

analysis, Investigation, Writing — review & editing. SS: Investigation,
Writing - review & editing. TR: Data curation, Investigation,
Writing — original draft. AO: Data curation, Investigation, Writing —
original draft. ND: Data curation, Investigation, Writing - original
draft. AC: Data curation, Investigation, Writing — original draft. LK:
Data curation, Formal analysis, Funding acquisition, Investigation,
Visualization, Writing - original draft. HA: Conceptualization, Data
curation, Funding acquisition, Investigation, Project administration,
Resources, Supervision, Writing — original draft, Writing - review &
editing. SG: Conceptualization, Data curation, Funding acquisition,
Investigation, Methodology, Project administration, Supervision,
Writing - original draft, Writing — review & editing.

Funding

The author(s) declared that financial support was received for
this work and/or its publication. This work was supported by
extramural funding to LK and SG via 1R21TR002639-01A1, and
CCFA funding to LK CDA 422348. JL is supported in part by
4R00AI138586 from NIAID and HA is supported in part by
1R21AI190597-01A1 from NIAID.

Acknowledgments

The authors would like to acknowledge the University of
Pennsylvania and Mayo Clinic IBD Biobanks for providing
samples used in this study.

References

1. Chovanec J, Tunc I, Hughes ], Halstead J, Mateja A, Liu Y, et al. Genetically
defined individual reference ranges for tryptase limit unnecessary procedures and
unmask myeloid neoplasms. Blood Adv. (2023) 7(9):1796-810. doi: 10.1182/
bloodadvances.2022007936

2. Le QT, Lyons JJ, Naranjo AN, Olivera A, Lazarus RA, Metcalfe DD, et al. Impact of
naturally forming human o/B-tryptase heterotetramers in the pathogenesis of hereditary
a-tryptasemia. J Exp Med. (2019) 216(10):2348-61. doi: 10.1084/jem.20190701

3. Lyons JJ, Yu X, Hughes JD, Le QT, Jamil A, Bai Y, et al. Elevated basal serum
tryptase identifies a multisystem disorder associated with increased TPSABI copy
number. Nat Genet. (2016) 48(12):1564-9. doi: 10.1038/ng.3696

4. Schwartz LB, Metcalfe DD, Miller JS, Earl H, Sullivan T. Tryptase levels as an
indicator of mast-cell activation in systemic anaphylaxis and mastocytosis. N Engl J
Med. (1987) 316(26):1622-6. doi: 10.1056/NEJM198706253162603

5. Shin H, Lyons JJ. Alpha-tryptase as a risk-modifying factor for mast cell-
mediated reactions. Curr Allergy Asthma Rep. (2024) 24(4):199-209. doi: 10.1007/
511882-024-01136-y

6. Matito A, Morgado JM, Alvarez-Twose I, Sinchez-Mufioz L, Pedreira CE, Jara-
Acevedo M, et al. Serum tryptase monitoring in indolent systemic mastocytosis:

Frontiers in Allergy

10

10.3389/falgy.2025.1726096

Conflict of interest

The author(s) declared that this work was conducted
the of

relationships that could be construed as a potential conflict

in absence any commercial or financial

of interest.

Generative Al statement

The author(s) declared that generative Al was not used in the
creation of this manuscript.

Any alternative text (alt text) provided alongside figures
in this article has been generated by Frontiers with the
support of artificial intelligence and reasonable efforts have
been made to ensure accuracy, including review by the
authors wherever possible. If you identify any issues, please
contact us.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their
affiliated organizations, or those of the publisher, the
editors and the reviewers. Any product that may be
evaluated in this article, or claim that may be made by its
not

manufacturer, is

the publisher.

guaranteed or endorsed Dby

Supplementary material

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/falgy.2025.
1726096/ full#supplementary-material

association with disease features and patient outcome. PLoS Ome. (2013) 8(10):
€76116. doi: 10.1371/journal.pone.0076116

7. Khoury P, Lyons JJ. Mast cell activation in the context of elevated basal serum
tryptase: genetics and presentations. Curr Allergy Asthma Rep. (2019) 19(12):55.
doi: 10.1007/s11882-019-0887-x

8. Konnikova L, Robinson TO, Owings AH, Shirley JF, Davis E, Tang Y, et al. Small
intestinal immunopathology and Gl-associated antibody formation in hereditary
alpha-tryptasemia. J Allergy Clin Immunol. (2021) 148(3):813-21.e7. doi: 10.1016/j.
jaci.2021.04.004

9. Glover SC, Carter MC, Korosec P, Bonadonna P, Schwartz LB, Milner JD, et al.
Clinical relevance of inherited genetic differences in human tryptases: hereditary
alpha-tryptasemia and beyond. Ann Allergy Asthma Immunol. (2021)
127(6):638-47. doi: 10.1016/j.anai.2021.08.009

10. Lyons J]. Hereditary alpha tryptasemia: genotyping and associated clinical
features. Immunol Allergy Clin North Am. (2018) 38(3):483-95. doi: 10.1016/j.
iac.2018.04.003

11. Lyons JJ, Yi T. Mast cell tryptases in allergic inflammation and immediate
hypersensitivity. Curr Opin Immunol. (2021) 72:94-106. doi: 10.1016/j.c0i.2021.04.001

frontiersin.org


https://www.frontiersin.org/articles/10.3389/falgy.2025.1726096/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/falgy.2025.1726096/full#supplementary-material
https://doi.org/10.1182/bloodadvances.2022007936
https://doi.org/10.1182/bloodadvances.2022007936
https://doi.org/10.1084/jem.20190701
https://doi.org/10.1038/ng.3696
https://doi.org/10.1056/NEJM198706253162603
https://doi.org/10.1007/s11882-024-01136-y
https://doi.org/10.1007/s11882-024-01136-y
https://doi.org/10.1371/journal.pone.0076116
https://doi.org/10.1007/s11882-019-0887-x
https://doi.org/10.1016/j.jaci.2021.04.004
https://doi.org/10.1016/j.jaci.2021.04.004
https://doi.org/10.1016/j.anai.2021.08.009
https://doi.org/10.1016/j.iac.2018.04.003
https://doi.org/10.1016/j.iac.2018.04.003
https://doi.org/10.1016/j.coi.2021.04.001
https://doi.org/10.3389/falgy.2025.1726096

Galeas-Pena et al.

12. Lyons JJ. Inherited and acquired determinants of serum tryptase levels in humans.
Ann Allergy Asthma Immunol. (2021) 127(4):420-6. doi: 10.1016/j.anai.2021.06.019

13. Sprinzl B, Greiner G, Uyanik G, Arock M, Haferlach T, Sperr WR, et al. Genetic
regulation of tryptase production and clinical impact: hereditary alpha tryptasemia,
mastocytosis and beyond. Int ] Mol Sci. (2021) 22(5):2458. doi: 10.3390/ijms22052458

14. Giannetti A, Filice E, Caffarelli C, Ricci G, Pession A. Mast cell activation
disorders. Medicina. (2021) 57(2):124. doi: 10.3390/medicina57020124

15. Greiner G, Sprinzl B, Gorska A, Ratzinger F, Gurbisz M, Witzeneder N, et al.
Hereditary o tryptasemia is a valid genetic biomarker for severe mediator-related
symptoms in mastocytosis. Blood. (2021) 137(2):238-47. doi: 10.1182/blood.2020006157

16. Hamilton M]J, Zhao M, Giannetti MP, Weller E, Hufdhi R, Novak P, et al.
Distinct small intestine mast cell histologic changes in patients with hereditary
alpha-tryptasemia and mast cell activation syndrome. Am ] Surg Pathol. (2021)
45(7):997-1004. doi: 10.1097/PAS.0000000000001676

17. Lyons J], Sun G, Stone KD, Nelson C, Wisch L, O’'Brien M, et al. Mendelian
inheritance of elevated serum tryptase associated with atopy and connective tissue
abnormalities. ] Allergy Clin Immunol. (2014) 133(5):1471-4. doi: 10.1016/j.,jaci.2013.11.039

18. Maun HR, Jackman JK, Choy DF, Loyet KM, Staton TL, Jia G, et al. An
allosteric anti-tryptase antibody for the treatment of mast cell-mediated severe
asthma. Cell. (2019) 179(2):417-31.e19. doi: 10.1016/j.cell.2019.09.009

19. Iweala OI, Burks AW. IgE producers in the gut expand the gut’s role in food
allergy. Nat Rev Gastroenterol Hepatol. (2020) 17(7):384-6. doi: 10.1038/s41575-
020-0309-5

20. Cildir G, Yip KH, Pant H, Tergaonkar V, Lopez AF, Tumes D]. Understanding
mast cell heterogeneity at single cell resolution. Trends Immunol. (2021)
42(6):523-35. doi: 10.1016/.it.2021.04.004

21. Tauber M, Basso L, Martin J, Bostan L, Pinto MM, Thierry GR, et al. Landscape
of mast cell populations across organs in mice and humans. ] Exp Med. (2023)
220(10):e20230570. doi: 10.1084/jem.20230570

22. Ronnberg E, Ravindran A, Mazzurana L, Gong Y, Satholm J, Lorent J, et al.
Analysis of human lung mast cells by single cell RNA sequencing. Front Immunol.
(2023) 14:1151754. doi: 10.3389/fimmu.2023.1151754

23. He S, Aslam A, Gaga MDA, He Y, Buckley MG, Hollenberg MD, et al.
Inhibitors of tryptase as mast cell-stabilizing agents in the human airways: effects
of tryptase and other agonists of proteinase-activated receptor 2 on histamine
release. ] Pharmacol Exp Ther. (2004) 309(1):119-26. doi: 10.1124/jpet.103.061291

24. Roy S, Chompunud Na Ayudhya C, Thapaliya M, Deepak V, Ali H. Multifaceted
MRGPRX2: new insight into the role of mast cells in health and disease. J Allergy Clin
Immunol. (2021) 148(2):293-308. doi: 10.1016/j.jaci.2021.03.049

25. Chen E, Chuang LS, Giri M, Villaverde N, Hsu Ny, Sabic K, et al. Inflamed
ulcerative ~colitis regions associated with MRGPRX2-mediated mast cell
degranulation and cell activation modules, defining a new therapeutic target.
Gastroenterology. (2021) 160(5):1709-24. doi: 10.1053/j.gastro.2020.12.076

26. Chompunud Na Ayudhya C, Roy S, Thapaliya M, Ali H. Roles of a mast cell-
specific receptor MRGPRX2 in host defense and inflammation. J Dent Res. (2020)
99(8):882-90. doi: 10.1177/0022034520919107

27. Ali H. Revisiting the role of MRGPRX2 on hypersensitivity reactions to
neuromuscular blocking drugs. Curr Opin Immunol. (2021) 72:65-71. doi: 10.1016/
j.c0i.2021.03.011

28. Wollam J, Solomon M, Villescaz C, Lanier M, Evans S, Bacon C, et al. Inhibition
of mast cell degranulation by novel small molecule MRGPRX2 antagonists. ] Allergy
Clin Immunol. (2024) 154(4):1033-43. doi: 10.1016/j.jaci.2024.07.002

29. Lyons JJ, Chovanec J, O’Connell MP, Liu Y, Selb J, Zanotti R, et al. Heritable
risk for severe anaphylaxis associated with increased a-tryptase-encoding germline
copy number at TPSABIL. J Allergy Clin Immunol. (2021) 147(2):622-32. doi: 10.
1016/j.jaci.2020.06.035

30. Kacar M, Rijavec M, Selb J, Korosec P. Clonal mast cell disorders and hereditary
a-tryptasemia as risk factors for anaphylaxis. Clin Exp Allergy. (2023) 53(4):392-404.
doi: 10.1111/cea.14264

31. Wouters MM, Balemans D, Van Wanrooy S, Dooley J, Cibert-Goton V, Alpizar
YA, et al. Histamine receptor H1-mediated sensitization of TRPV1 mediates visceral
hypersensitivity and symptoms in patients with irritable bowel syndrome.
Gastroenterology. (2016) 150(4):875-87.€9. doi: 10.1053/j.gastro.2015.12.034

32. Decraecker L, Cuende Estévez M, Van Remoortel S, Quan R, Stakenborg N,
Wang Z, et al. Characterisation of MRGPRX2+ mast cells in irritable bowel
syndrome. Gut. (2025) 74(7):1068-77. doi: 10.1136/gutjnl-2024-334037

33. Therrien A, Akula S, Galeas-Pena M, Frank E, Gillette L, Silvester JA, et al.
Hereditary alpha-tryptasemia is associated with ongoing symptoms in individuals
with celiac disease despite following a gluten-free diet. Am ] Gastroenterol. (2025).
doi: 10.14309/ajg.0000000000003537

Frontiers in Allergy

1

10.3389/falgy.2025.1726096

34, Konnikova L, Boschetti G, Rahman A, Mitsialis V, Lord J, Richmond C, et al.
High-dimensional immune phenotyping and transcriptional analyses reveal robust
recovery of viable human immune and epithelial cells from frozen gastrointestinal
tissue. Mucosal Immunol. (2018) 11(6):1684-93. doi: 10.1038/s41385-018-0047-y

35. Fawkner-Corbett D, Antanaviciute A, Parikh K, Jagielowicz M, Gerés AS,
Gupta T, et al. Spatiotemporal analysis of human intestinal development at single-
cell resolution. Cell. (2021) 184:810-26.e23. doi: 10.1016/j.cell.2020.12.016

36. Luskin KT, White AA, Lyons JJ. The genetic basis and clinical impact of
hereditary alpha-tryptasemia. J Allergy Clin Immunol Pract. (2021) 9(6):2235-42.
doi: 10.1016/j.jaip.2021.03.005

37. Hamilton M]J, Frei SM, Stevens RL. The multifaceted mast cell in inflammatory
bowel disease. Inflamm Bowel Dis. (2014) 20(12):2364-78. doi: 10.1097/MIB.
0000000000000142

38. Hamilton M]J, Sinnamon M]J, Lyng GD, Glickman JN, Wang X, Xing W, et al.
Essential role for mast cell tryptase in acute experimental colitis. Proc Natl Acad Sci U
S A. (2011) 108(1):290-5. doi: 10.1073/pnas.1005758108

39. Kurachi M, Barnitz RA, Yosef N, Odorizzi PM, Diiorio MA, Lemieux ME, et al.
The transcription factor BATF operates as an essential differentiation checkpoint in
early effector CD8+ T cells. Nat Immunol. (2014) 15(4):373. doi: 10.1038/ni.2834

40. Chan O, Burke JD, Gao DF, Fish EN. The chemokine CCL5 regulates glucose
uptake and AMP kinase signaling in activated T cells to facilitate chemotaxis. J Biol
Chem. (2012) 287(35):29406-16. doi: 10.1074/jbc.M112.348946

41. Puel A, Ziegler SF, Buckley RH, Leonard WJ. Defective IL7R expression in T(-)
B(+)NK(+) severe combined immunodeficiency. Nat Genet. (1998) 20(4):394-7.
doi: 10.1038/3877

42. Marchi E, Hinks TSC, Richardson M, Khalfaoui L, Symon FA, Rajasekar P, et al.
The effects of inhaled corticosteroids on healthy airways. Allergy. (2024) 79(7):1831.
doi: 10.1111/all.16146

43. Korver W, Wong A, Gebremeskel S, Negri GL, Schanin J, Chang K, et al. The
inhibitory receptor siglec-8 interacts with FceRI and globally inhibits intracellular
signaling in primary mast cells upon activation. Front Immunol. (2022) 13:833728.
doi: 10.3389/fimmu.2022.833728

44. Gao PS, Shimizu K, Grant AV, Rafaels N, Zhou LF, Hudson SA, et al.
Polymorphisms in the sialic acid-binding immunoglobulin-like lectin-8 (Siglec-8)
gene are associated with susceptibility to asthma. Eur ] Hum Genet. (2010)
18(6):713-9. doi: 10.1038/ejhg.2009.239

45. Lutter L, ter Linde JJM, Brand EC, Hoytema van Konijnenburg DP,
Roosenboom B, Talabur-Horje CH, et al. Compartment-driven imprinting of
intestinal CD4T cells in inflammatory bowel disease and homeostasis. Clin Exp
Immunol. (2023) 214(3):235. doi: 10.1093/cei/uxad095

46. Hirai H, Tanaka K, Yoshie O, Ogawa K, Kenmotsu K, Takamori Y, et al.
Prostaglandin D2 selectively induces chemotaxis in T helper type 2 cells,
eosinophils, and basophils via seven-transmembrane receptor CRTH2. J Exp Med.
(2001) 193(2):255-61. doi: 10.1084/jem.193.2.255

47. Jutel M, Akdis M, Akdis CA. Histamine, histamine receptors and their role in
immune pathology. Clin Exp Allergy. (2009) 39(12):1786-800. doi: 10.1111/j.1365-
2222.2009.03374.x

48. Jansen CS, Prokhnevska N, Master VA, Sanda MG, Carlisle JW, Bilen MA, et al.
An intra-tumoral niche maintains and differentiates stem-like CD8T cells. Nature.
(2019) 576(7787):465. doi: 10.1038/s41586-019-1836-5

49. Schanin J, Gebremeskel S, Korver W, Falahati R, Butuci M, Haw TJ, et al. A
monoclonal antibody to Siglec-8 suppresses non-allergic airway inflammation and
inhibits IgE-independent mast cell activation. Mucosal Immunol. (2020)
14(2):366-76. doi: 10.1038/s41385-020-00336-9

50. Huo J, Laszlo GS, Lim SYT, Cole FM, Kehret AR, Li J, et al. Optimizing Siglec-
8-directed immunotherapy for eosinophilic and mast cell disorders. Blood. (2023)
142(Supplement 1):1781. doi: 10.1182/blood-2023-181476

51. Lyons JJ. Appraisal of the evidence linking hereditary a-tryptasemia with mast
cell disorders, hypermobility and dysautonomia. Allergy Asthma Proc. (2025)
46(1):4-10. doi: 10.2500/aap.2025.46.240088

52. Chollet MB, Akin C. Hereditary alpha tryptasemia is not associated with
specific clinical phenotypes. J Allergy Clin Immunol. (2022) 149(2):728-35.e2.
doi: 10.1016/j.jaci.2021.06.017

53. Rama TA, Torrado I, Henriques AF, Sdnchez-Muioz L, Jara-Acevedo M,
Navarro-Navarro P, et al. Mast cell activation syndromes: comparison between two
scoring models to predict for mast cell clonality. J Allergy Clin Immunol Pract.
(2023) 11(3):908-19.e4. doi: 10.1016/j.jaip.2022.11.042

54. Gonzalez-de-Olano D, Navarro-Navarro P, Mufoz-Gonzilez JI, Sanchez-
Muioz L, Henriques A, de-Andrés-Martin A, et al. Clinical impact of the TPSAB1
genotype in mast cell diseases: a REMA study in a cohort of 959 individuals.
Allergy. (2024) 79(3):711-23. doi: 10.1111/all.15911

frontiersin.org


https://doi.org/10.1016/j.anai.2021.06.019
https://doi.org/10.3390/ijms22052458
https://doi.org/10.3390/medicina57020124
https://doi.org/10.1182/blood.2020006157
https://doi.org/10.1097/PAS.0000000000001676
https://doi.org/10.1016/j.jaci.2013.11.039
https://doi.org/10.1016/j.cell.2019.09.009
https://doi.org/10.1038/s41575-020-0309-5
https://doi.org/10.1038/s41575-020-0309-5
https://doi.org/10.1016/j.it.2021.04.004
https://doi.org/10.1084/jem.20230570
https://doi.org/10.3389/fimmu.2023.1151754
https://doi.org/10.1124/jpet.103.061291
https://doi.org/10.1016/j.jaci.2021.03.049
https://doi.org/10.1053/j.gastro.2020.12.076
https://doi.org/10.1177/0022034520919107
https://doi.org/10.1016/j.coi.2021.03.011
https://doi.org/10.1016/j.coi.2021.03.011
https://doi.org/10.1016/j.jaci.2024.07.002
https://doi.org/10.1016/j.jaci.2020.06.035
https://doi.org/10.1016/j.jaci.2020.06.035
https://doi.org/10.1111/cea.14264
https://doi.org/10.1053/j.gastro.2015.12.034
https://doi.org/10.1136/gutjnl-2024-334037
https://doi.org/10.14309/ajg.0000000000003537
https://doi.org/10.1038/s41385-018-0047-y
https://doi.org/10.1016/j.cell.2020.12.016
https://doi.org/10.1016/j.jaip.2021.03.005
https://doi.org/10.1097/MIB.0000000000000142
https://doi.org/10.1097/MIB.0000000000000142
https://doi.org/10.1073/pnas.1005758108
https://doi.org/10.1038/ni.2834
https://doi.org/10.1074/jbc.M112.348946
https://doi.org/10.1038/3877
https://doi.org/10.1111/all.16146
https://doi.org/10.3389/fimmu.2022.833728
https://doi.org/10.1038/ejhg.2009.239
https://doi.org/10.1093/cei/uxad095
https://doi.org/10.1084/jem.193.2.255
https://doi.org/10.1111/j.1365-2222.2009.03374.x
https://doi.org/10.1111/j.1365-2222.2009.03374.x
https://doi.org/10.1038/s41586-019-1836-5
https://doi.org/10.1038/s41385-020-00336-9
https://doi.org/10.1182/blood-2023-181476
https://doi.org/10.2500/aap.2025.46.240088
https://doi.org/10.1016/j.jaci.2021.06.017
https://doi.org/10.1016/j.jaip.2022.11.042
https://doi.org/10.1111/all.15911
https://doi.org/10.3389/falgy.2025.1726096

	MRGPRX2-expressing mast cells are increased in the GI tract of individuals with active inflammatory bowel disease and hereditary α-tryptasemia
	Introduction
	Materials and methods
	Study participants and sample availability
	Tryptase genotyping
	Total basal serum tryptase quantification
	Isolation of lamina propria mononuclear cells and CyTOF
	Digital droplet PCR
	Spatial transcriptomics
	Seurat and pseudobulk analysis
	Statistical analysis

	Results
	Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Acknowledgments
	Conflict of interest
	Generative AI statement
	Publisher's note
	Supplementary material
	References


