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Purpose: Mas-related G-protein-coupled receptor member X2 (MRGPRX2) is a key receptor in mast cell activation and plays
a critical role in mediating pseudo-allergic reactions. However, its role in allergic rhinitis (AR) remains poorly understood. Therefore,
we investigated the correlation between plasma MRGPRX2 and symptoms in AR patients.

Patients and Methods: A total of 116 patients with typical AR symptoms and positive skin prick test results and 100 healthy
controls were recruited. Plasma MRGPRX2, total and specific IgE, and histamine were measured. AR patients who tested negative for
both total IgE and sIgE were defined as IgE-negative. Symptom severity was evaluated using a questionnaire combining the Total
Nasal Symptom Score (TNSS) and the Visual Analog Scale (VAS). TNSS assessed nasal (sneezing, rhinorrhea, congestion, itching),
each scored from 0 (none) to 3 (severe). The VAS ranged from 0 cm (no symptoms) to 10 cm (most severe).

Results: Plasma MRGPRX2 levels were significantly elevated in patients with AR compared with healthy controls (P<0.001) and
demonstrated good discriminative performance (AUC=0.92, P<0.001). Moreover, patients with moderate to severe AR had signifi-
cantly higher plasma MRGPRX2 levels than those with mild AR (P<0.001). A significant positive correlation was also observed
between plasma MRGPRX2 levels and VAS scores (p=0.37, P<0.001). This correlation was stronger in the IgE-negative AR group
(p=0.61, P<0.001) compared with the IgE-positive group (p=0.25, P=0.027) (Z=2.25, P=0.024). Notably, plasma MRGPRX2 levels
were positively correlated with TNSS only in IgE-negative AR patients (p=0.38, P=0.016), whereas no significant correlation was
observed in the IgE-positive group (p=0.17, P=0.238).

Conclusion: Plasma MRGPRX2 levels are elevated in patients with AR and are positively correlated with disease symptoms,
particularly in IgE-negative cases. MRGPRX2 may serve as a novel biomarker to improve the classification and management of AR,
especially in patients exhibiting allergic symptoms despite clinically insignificant IgE levels.
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Introduction
Allergic rhinitis (AR) is a common chronic inflammatory disorder of the nasal mucosa mediated by allergen-specific
immunoglobulin E (IgE)."* However, a subset of patients exhibit classical AR symptoms despite having negative levels
of circulating IgE.>° The absence of measurable IgE poses a diagnostic challenge, as these IgE-negative cases mimic the
clinical manifestations of conventional, IgE-mediated AR.

Both IgE-positive and IgE-negative AR are characterized by nasal congestion, rhinorrhea, and sneezing, making it
difficult to distinguish them clinically in the absence of clear allergic sensitization.” The immunopathogenesis of IgE-
mediated AR has been well defined as a type I hypersensitivity reaction. This involves the production of IgE antibodies
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in response to environmental allergens, leading to the activation of Mast cells (MCs) and the release of pro-inflammatory
mediators.>®° However, the underlying mechanisms of IgE-negative AR remain poorly understood. This knowledge gap
hampers the identification of reliable diagnostic biomarkers and limits the development of targeted therapeutic strategies.

MCs are central effector cells in allergic inflammation and can be activated through both IgE-dependent and IgE-
independent pathways.'®"'? In particular, pseudo-allergic reactions can induce MC degranulation without the involve-
ment of IgE, leading to the release of histamine and various inflammatory mediators.'*'* Among the receptors implicated
in these reactions, the MAS-related G protein—coupled receptor X2 (MRGPRX2) has emerged as a key mediator of non-
IgE-mediated hypersensitivity.'>'® MRGPRX2 is highly expressed on the surface of MCs and can be triggered by a wide
range of ligands, including neuropeptides, cationic drugs, and components of Artemisia.'’ 2" Underscoring its pivotal
role in drug-induced and pseudo-allergic inflammation.

Upon activation by cationic ligands, MRGPRX2 engages Gq- and Gi-coupled signaling pathways, leading to
phospholipase Cy (PLCy) activation and subsequent Ca”" influx through stromal interaction molecule 1 (STIM1) and
calcium release-activated calcium modulator (Orai) channels.'? This triggers MC degranulation and the release of
mediators such as histamine, tryptase, and cytokines. Tryptase activates protease-activated receptor 2 (PAR2) on sensory
nerve endings,?? promoting the release of neuropeptides, including calcitonin gene-related peptide (CGRP) and SP. These
neuropeptides induce arteriolar dilation and plasma extravasation, amplifying local inflammation.*** Moreover, SP
reinforces MC activation via MRGPRX2, forming a positive neuro-immune feedback loop. Parallel activation of
phosphoinositide 3-kinase/protein kinase B (PI3K/Akt) and extracellular signal-regulated kinase (ERK) pathways sup-
ports cytokine production and sustains the inflammatory response.”” Collectively, MRGPRX2 functions as a key
mediator linking MC activation to sensory nerve signaling, contributing to pseudo-allergic and neurogenic inflammatory
symptoms such as pruritus and rhinorrhea.'*'®® Figure 1 illustrates the proposed mechanism of MRGPRX2-mediated
allergic inflammation.

Recent studies have identified extracellular vesicles (EVs) derived from MCs in human plasma, which contain
MRGPRX2. These vesicles are produced through degranulation and membrane budding of MCs.?’ Clinically, elevated
circulating MRGPRX2 levels have been observed in patients with chronic spontaneous urticaria and asthma, highlighting
its potential as both a diagnostic biomarker and therapeutic target.”* > Although preliminary findings have suggested an
association between plasma MRGPRX2 and AR,*' the available evidence remains limited and inconclusive.
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Figure | Schematic illustration of the MRGPRX2-mediated mast cell activation pathway.
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In the present study, we investigated plasma MRGPRX2 levels in patients with AR compared with healthy controls
and explored their relationship with symptom severity in both IgE-positive and IgE-negative AR. This work aims to
elucidate the role of MRGPRX2 in AR pathogenesis and to assess its potential as a biomarker.

Materials and Methods

Participant Criteria

Samples were collected from Yulin City, located in northern Shaanxi Province, China, where Artemisia ordosica is
densely distributed and blooms from July to September each year. This region is characterized by an arid to semi-arid
climate and steppe vegetation, providing favorable conditions for Artemisia pollen dispersal. Epidemiological data and
local clinical observations have shown that Artemisia pollen is one of the major aeroallergens in northern China and
a frequent trigger of AR.

Patients with AR were recruited from the Department of Allergy and Clinical Immunology. Diagnosis was made by
allergists based on a comprehensive clinical assessment, including characteristic nasal symptoms and ocular symptoms. All
patients met the diagnostic criteria outlined in current guidelines.”**> Due to limited clinical acceptance of nasal provocation
testing and its strong concordance with skin prick testing, the latter was used to confirm Artemisia sensitization.>”

A total of 199 patients met the inclusion criteria and were screened. Those with negative Artemisia SPT results or
incomplete questionnaires (n = 86) were excluded. Finally, 116 patients were included in the analysis, comprising 76 IgE-
positive AR patients and 40 IgE-negative AR patients. The overall study design and participant selection process are
illustrated in Figure 2.

Only individuals aged 18 years or older were included.

Age- and sex-matched healthy controls were selected from the general population undergoing routine physical
examinations. These individuals had no history or clinical evidence of allergic AR, asthma, atopic dermatitis, or any
other allergic conditions.

Exclusion criteria for both groups included pregnancy, lactation, immunodeficiency, recent upper respiratory infections,
history of nasal or sinus surgery, structural nasal abnormalities, chronic systemic diseases. Patients who had taken medications
known to influence allergic symptoms within the two weeks prior to enrollment were excluded, including oral and/or topical
antihistamines, intranasal corticosteroids, and oral corticosteroids (alone or combined with intranasal agents).**

All outpatients

Screening based on symptoms and
exclusion criteria

Patients meeting the inclusion criteria
(n=199)

Negative skin prick test or
imcomplete of questionnaire (n = 86)

Patients analyzed (n = 116)

|
l l

IgE-negative Patients IgE-positive Patients
(n =40) (n=76)

Figure 2 Study design and participant selection process. Flowchart illustrating the participant recruitment process for AR patients.
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All participants were fully informed about the study protocol, and written informed consent was obtained prior to
inclusion. This study was approved by the Ethics Committee of The First Affiliated Hospital of Xi’an Jiaotong University
(Yulin Hospital) (2023034) and conducted in accordance with the Declaration of Helsinki.

The Skin Prick Test

The Artemisia skin prick test was performed at the First Affiliated Hospital of Xi’an Jiaotong University (Yulin Hospital)
and interpreted by the same physician for all participants. Skin Prick Solution for Artemisia Pollen Allergens (33333 DU/
mL, 2 mL; Wolwo Pharma, Zhejiang, China) was used for testing. The test was conducted on the volar surface of the
forearm, and the size of the resulting wheal was measured 15 minutes after allergen application. The largest diameter of
the wheal was recorded for analysis. A wheal diameter greater than 3 mm was considered positive.

Symptom Assessment and Scoring Using a Questionnaire

The questionnaire evaluated symptom severity for the Total nasal symptom score (TNSS) (sneezing, rhinorrhea,
congestion, and itching) and eyes (itching and tearing). Each symptom is rated on a scale from 0 (no symptoms) to 3
(most severe symptoms).

Visual Analog Scale (VAS) consists of a 10-cm horizontal line, where 0 cm indicates no symptoms and 10 cm
represents the most severe symptoms. Patients can mark any point along the line to reflect their perception of symptom
severity. The VAS measures the overall level of discomfort caused by AR symptoms.***

A VAS score greater than 5 cm was considered indicative of moderate to severe AR, while a score of 5 cm or less was

categorized as mild AR.***7

Plasma Extraction and Storage
Whole blood from each participant was added to an anticoagulant blood collection vessel and centrifuged at 4000 xg for
5 min. The supernatants were collected for testing, and the plasma was stored at —80 °C.

Detection of MRGPRX2 in Plasma

Plasma MRGPRX2 levels were quantified using an in-house enzyme linked immunosorbent assay (ELISA) based on two
specific antibodies.””® The assay was validated for specificity and sensitivity, with a detection limit of 1.85 ng/mL, an
intra-assay coefficient of variation of 3.36%, and an inter-assay coefficient of variation of 4.63%. The spike-recovery rate
ranged from 85.70% to 112.04%, confirming acceptable accuracy and reproducibility.

For the ELISA procedure, a 96-well microplate was coated with 100 uL of capture antibody (4 pg/mL) and incubated
overnight at 4 °C. After washing, 200 pL of blocking buffer was added and incubated at 37 °C for 2 h. Subsequently,
100 pL of plasma sample was added to each well, followed by incubation with horseradish peroxidase-conjugated
detection antibody (2 pg/mL) and five washing steps. Then, 100 pL of 3,3’,5,5’-Tetramethylbenzidine substrate was
added and incubated at 37 °C for 15 min, after which the reaction was terminated with 50 pL of stop buffer. The optical
density was measured at 450 nm using a microplate reader. Recombinant MRGPRX?2 (Cusabio, Wuhan, China) was used
as the calibration standard.

Detection of IgE in Plasma

Plasma total IgE and sIgE levels were quantified using electrochemiluminescence assays. The specific IgE (sIgE)
included common allergens (house dust mite, cockroach, dog dander, mold, Artemisia, peanut, crab, and shrimp).39
All measurements were performed at KingMed Diagnostics (Xi’an, China). The assay kits were provided by Roche
Diagnostics GmbH (Mannheim, Germany) and used according to the manufacturer’s instructions. In the general
population, the reference range for tIgE is 0.00-100.00 IU/mL, while that for sIgE is 0.00-0.35 IU/mL.***' AR patients
who test negative for both total IgE and sIgE are considered to be IgE-negative.
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Detection of Histamine in Plasma

For sample preparation, 50 pL of plasma was mixed with 100 pL of a 10 ng/mL deuterated histamine internal standard
solution, vortexed thoroughly, and filtered through a 0.22 pm membrane filter. The filtrate was transferred to an
autosampler vial, and 10 pL of the supernatant was injected into the Liquid Chromatograph Mass Spectrometer system
for analysis. Calibration curves were established using histamine standards spiked into blank plasma, and quantification
was based on the ratio of histamine to deuterated histamine peak areas.

The liquid chromatography—mass spectrometry system consisted of a LabSolutions workstation equipped with a 75x2.0 mm
Ultra Performance Liquid Chromatography column (Shimadzu Corporation, Kyoto, Japan). The mobile phase comprised
acetonitrile and water containing 0.5% acetic acid (40:60, v/v), delivered at a flow rate of 0.4 mL/min under isocratic elution.
The electrospray ionization source was operated in positive mode with the following parameters: nebulizer gas (N5, >99.999%) at
3.0 L/min, drying gas (N5, 299.999%) at 15.0 L/min, desolvation line temperature at 250 °C, heat block temperature at 400 °C,
interface voltage at 4.5 kV, and detector voltage at 1.72 kV. Argon (=99.999%) was used as the collision-induced dissociation gas
at a pressure of 230 kPa. Quantification was performed in multiple reaction monitoring mode.**

Statistical Analysis

IBM SPSS software version 24 was used to analyze data. One-Sample Kolmogorov—Smirnov test was performed to
check the normality assumption for the distribution of continuous variables. Categorical data were expressed as number
and percentages, while quantitative data were expressed as median and Interquartile range due to non-normal distribu-
tion. The Mann—Whitney U-test was used to compare differences between two independent groups, Spearman’s rank
correlation coefficient (p) was applied to analyze relationships between variables. Differences in correlation coefficients
between groups were further tested using Fisher’s r-to-z transformation, to estimate the uncertainty of correlation
differences, non-parametric bootstrap resampling (1000 iterations) was performed to calculate the 95% CI. The
Receiver operating characteristic (ROC) curve was constructed to evaluate the discriminative ability of MRGPRX2.
All statistical assessments were two-tailed and P<0.05 was considered significant.

Results

Clinical Characteristics of the Subjects

The study comprised 116 AR patients with Artemisia allergy. The median age was 38.00 years (range 31.00-45.00), with 49
patients (42.24%) being male. Among the participants, 24 patients (20.69%) had a family history of atopy, 59 patients
(50.86%) had a history of chronic urticaria, 45 patients (38.79%) had allergic asthma, and 38 patients (32.76%) had atopic
dermatitis. Regarding the severity of AR, as assessed by the VAS, 73 patients (62.93%) were classified as having moderate
to severe AR. In this study, 65 patients (56.03%) showed total IgE positivity. Among these, 76 patients (65.52%) tested
positive for Artemisia sIgE, making it the most common allergen detected, followed by peanut sIgE in 39 patients (33.62%).
Other common allergens included dog dander sIgE (23 patients, 19.83%), and house dust mite sIgE (15 patients, 12.93%).
Fewer patients tested positive for cockroach sIgE (12 patients, 10.34%), mold sIgE (8 patients, 6.89%), shrimp sIgE (4
patients, 3.45%), and crab sIgE (3 patients, 2.59%). Furthermore, 40 patients (34.48%) were negative for both total IgE and
common sIgE, indicating no apparent allergic sensitization to the allergens tested (Table 1).

Stratification Analysis of MRGPRX2 in Patients with AR
No significant difference in plasma MRGPRX2 was observed between male and female patients (P>0.05). Additionally,

the presence of concomitant allergic conditions—including chronic urticaria, allergic asthma, and atopic dermatitis—had
no significant impact on plasma MRGPRX2 (P>0.05 for all). A family history of atopy was not associated with
significant differences in MRGPRX2 (P>0.05). Furthermore, no difference in plasma MRGPRX2 was found between
patients with total IgE or common sIgE-positive AR and those with IgE-negative AR (P>0.05; Table 1).

AR patients had significantly higher plasma MRGPRX2 compared with healthy controls (95% CI, 43.00-60.45 ng/
mL; P<0.001; Figure 3A). ROC curve analysis demonstrated excellent discriminative ability of plasma MRGPRX2 in
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Table | Demographic Characteristics and Plasma MRGPRX2 in AR Patients

Variable n (%) MRGPRX2 (ng/mL) | 95% CI P value
Gender —20.38 to 10.31 | 0.567
Male 49 (42.24%) | 94.50 (65.47-129.20)

Female 67 (57.76%) | 80.63 (67.20—133.80)

Family history of atopy —34.78 to 8.56 0.244
Positive 24 (20.69%) | 96.84 (65.15-170.60)

Negative 92 (79.31%) | 84.14 (66.99—124.40)

Chronic urticaria —19.03 to 9.83 0.557
Positive 59 (50.86%) | 90.86 (68.32—132.30)

Negative 57 (49.13%) | 85.02 (62.32-129.60)

Allergic Asthma —14.78 to 16.94 | 0.938
Positive 45 (38.79%) | 87.96 (67.70—125.00)

Negative 71 (61.21%) | 84.64 (62.01-137.00)

Atopic Dermatitis —15.83 to 16.26 | 0.997
Positive 38 (32.76%) | 79.93 (66.15-134.20)

Negative 78 (67.24%) | 90.89 (67.14-126.00)

Total or specific IgE —1.800 to 29.44 | 0.082
Positive 76 (65.52%) | 93.27 (67.59-143.00)

Negative 40 (34.48%) | 78.62 (62.60—113.00)

Notes: The Mann Whitney U-test was used; Data were presented as median and interquartile range due to non-
normal distribution; P<0.05 was considered significant.

Abbreviations: IgE, immunoglobulin E; MRGPRX2, Mas-related G-protein-coupled receptor member X2; Cl,
Confidence interval.

distinguishing AR patients from controls (Area under the curve, AUC=0.92, P<0.001; Figure 3B). No significant
correlation was observed between age and plasma MRGPRX2 in AR patients (P>0.05; Figure 3C).

The VAS was used to assess overall AR-related discomfort, with scores <5 classified as mild and >5 as moderate to
severe. Plasma MRGPRX2 was significantly higher in patients with moderate to severe symptoms compared with those
with mild symptoms (95% CI, 17.35-45.69 ng/mL; P<0.001; Figure 3D). ROC analysis further indicated that plasma
MRGPRX2 could moderately differentiate between these two symptom groups (AUC=0.74, P<0.001; Figure 3E).
Moreover, plasma MRGPRX2 levels were positively correlated with VAS in AR patients (p=0.37, P<0.001; Figure 3F).

Correlation Between MRGPRX2 and Clinical Characteristics
Significant correlations were observed with total IgE levels (p=0.23, P=0.014), TNSS (p=0.20, P=0.032), rhinorrhea
score (p=0.19, P=0.036), nasal congestion score (p=0.30, P<0.001), and nasal itching score (p=0.19, P=0.032). No
significant correlations were found between plasma MRGPRX2 and age, disease duration, histamine levels, sneezing
score, ocular itching score, or tearing score (P>0.05 for all) (Table 2).

Plasma MRGPRX2 was positively correlated with total IgE levels. However, no significant correlations were
observed between plasma MRGPRX2 and sIgE, including house dust mite, cockroach, dog dander, mold, Artemisia,
peanut, crab, and shrimp (P>0.05 for all) (Table 3).

Comparison of MRGPRX2 Between IgE-Positive and IgE-Negative AR
A total of 40 patients were negative for both total IgE and common sIgE in plasma. Plasma MRGPRX2 demonstrated
strong discriminative ability between AR patients and healthy controls in both IgE-negative (AUC=0.89, P<0.001;
Figure 4A) and IgE-positive AR (AUC=0.93, P<0.001; Figure 4B) subgroups. Additionally, plasma MRGPRX2
moderately differentiated between mild and moderate-to-severe symptom groups in both IgE-negative (AUC=0.84,
P<0.001; Figure 4C) and IgE-positive AR (AUC=0.68, P=0.008; Figure 4D).

A significant positive correlation was observed between plasma MRGPRX2 and TNSS in the IgE-negative AR group
(p=0.38, P=0.016), whereas no such correlation was found in the IgE-positive AR group (P>0.05). Furthermore, plasma
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Figure 3 Correlation between plasma MRGPRX2 and AR. (A) Plasma MRGPRX2 expression in AR patients (n=116) compared to healthy controls (n=100) (95% CI: 43.00
to 60.45 ng/mL). (B) ROC curve analysis for plasma MRGPRX2 in distinguishing AR patients (n=116) from healthy controls (n=100). (C) Correlation between plasma
MRGPRX2 and age in AR patients (n=116) and healthy controls (n=100). (D) Plasma MRGPRX2 expression in moderate-to-severe (n=73) versus mild (n=43) AR patients
(95% CI: 17.35 to 45.69 ng/mL). (E) ROC curve analysis for plasma MRGPRX2 in classifying moderate-to-severe (n=73) versus mild AR patients (n=43). (F) Correlation
between plasma MRGPRX2 and VAS scores in AR patients (n=116). ***P<0.001.

MRGPRX2 were positively correlated with VAS scores in both the IgE-negative (p=0.61, P<0.001; Figure 4E) and IgE-
positive AR groups (p=0.25, P=0.027; Figure 4F), with a stronger correlation observed in the IgE-negative group
(Z=2.25, P=0.024; Table 4).

Table 2 Correlation of Plasma MRGPRX2 in AR Patients (n=116)

Variable

Median (IQR)

95% CI

Total IgE (IU/mL)
Histamine (ng/mL)

Age (year)

Disease Duration (year)
VAS

TNSS

Sneezing Score
Rhinorrhea Score

Nasal Congestion Score
Nasal ltching Score

Ocular ltching Score

Tearing Score

131.60 (47.74-354.80)
447 (2.91-5.59)
38.00 (31.00-45.00)
5.00 (2.00-9.00)
6.00 (5.00-8.38)
8.00 (7.00-10.75)
2.00 (2.00-3.00)
2.00 (2.00-3.00)
2.00 (2.00-3.00)
2.00 (1.00-3.00)
2.00 (1.00-3.00)

| (0.00-2.00)

0.0421 to 0.3984
—0.0925 to 0.2793
—0.1535 to 0.2212
—0.1809 to 0.1943
0.1989 to 0.5236
0.0120 to 0.3728
—0.0456 to 0.3222
0.0075 to 0.3689
0.1231 to 0.4648
0.0118 to 0.3726
—0.0778 to 0.2929
—0.1195 to 0.2539

P value | p

0.014 0.23
0.302 0.09
0.708 0.04
0.941 0.0l
<0.001 0.37
0.032 0.20
0.125 0.14
0.036 0.19
<0.001 0.30
0.032 0.19
0.234 0.11
0.458 0.07

Notes: Spearman’s rank correlation test was performed; Data were presented as median and interquartile
range due to non-normal distribution; P<0.05 was considered significant.
Abbreviations: IgE, immunoglobulin E; MRGPRX2, Mas-related G-protein-coupled receptor member X2; VAS,
Visual analogue scale; TNSS, Total nasal symptom score; IQR, interquartile range; Cl, Confidence interval.
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Table 3 Correlations Between Plasma MRGPRX2 and sIgE in AR Patients (n=116)

Variable (IU/mL) Median (IQR) Positive 95% CI P value | p

House Dust Mite-slg | 0.06 (0.03-0.16) 15 (12.93%) | —0.0705 to 0.2996 | 0.205 0.12
Cockroach-sigE 0.08 (0.05-0.16) 12 (10.34%) | —0.0675 to 0.3023 | 0.193 0.12
Dog Dander-slgE 0.05 (0.02-0.19) 23 (19.83%) | —0.1472 to 0.2273 | 0.658 0.04
Mold-slgE 0.03 (0.02-0.05) | 8 (6.89%) —0.0158 to 0.3486 | 0.064 0.17
Artemisia-sIgE 4.46 (0.06-51.41) | 76 (65.52%) | —0.0921 to 0.2796 | 0.299 0.09
Peanut-sIgE 0.06 (0.02—-1.29) 39 (33.62%) | —0.1881 to 0.1871 | 0.995 0.00
Crab-slgE 0.01 (0.00-0.04) 3 (2.59%) —0.0927 to 0.2791 | 0.302 0.09
Shrimp-sIgE 0.03 (0.02-0.07) | 4 (3.45%) —0.0842 to 0.2870 | 0.262 0.11

Notes: Spearman’s rank correlation test was performed; Data were presented as median and interquartile range due
to non-normal distribution; P<0.05 was considered significant.

Abbreviations: IgE, immunoglobulin E; MRGPRX2, Mas-related G-protein-coupled receptor member X2; IQR,
interquartile range; Cl, Confidence interval.

Discussion
In this study, which focused on patients with AR sensitized to Artemisia, a prevalent aeroallergen in northern China, we
demonstrated that plasma MRGPRX2 levels were significantly elevated in patients with AR and strongly correlated with
symptom severity, particularly in IgE-negative cases. These findings indicate that plasma MRGPRX2 may serve as
a promising diagnostic biomarker, especially when conventional IgE-based tests yield inconclusive results.

Previous studies have shown elevated plasma MRGPRX2 levels in patients with chronic spontaneous urticaria and
asthma, where plasma MRGPRX2 has been proposed as a marker reflecting disease severity.?* >° However, its role in
AR has not been fully explored.®" Our findings extend these observations to AR, showing that plasma MRGPRX2 levels
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Figure 4 Correlation between plasma MRGPRX2 and AR in IgE-negative (n=40) and IgE-positive (n=76) subgroups. (A) ROC curve for plasma MRGPRX2 in distinguishing
AR patients from healthy controls (n=100) in the IgE-negative subgroup (n=40). (B) ROC curve for plasma MRGPRX2 in distinguishing AR patients from healthy controls
(n=100) in the IgE-positive subgroup (n=76). (C) ROC curve for plasma MRGPRX2 in classifying moderate-to-severe (n=24) versus mild (n=16) AR patients in the IgE-
negative subgroup (n=40). (D) ROC curve for plasma MRGPRX2 in classifying moderate-to-severe (n=49) versus mild (n=27) AR patients in the IgE-positive subgroup
(n=76). (E) The correlation between plasma MRGPRX2 levels and VAS scores in the IgE-negative AR subgroup (n=40). (F) The correlation between plasma MRGPRX2 levels
and VAS scores in the IgE-positive AR subgroup (n=76).
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Table 4 Correlation of Plasma MRGPRX2 in Patients with IgE-Positive
(n=76) and IgE-Negative AR (n=40)

Variable 95% CI P value | p z P value

VAS 0.0250 to 0.7160¢ 2.25 | 0.024°
IgE-negative AR | 0.2613 to 0.7311° <0.001* | 0.6l
IgE-positive AR | 0.0229 to 0.4584° 0.027° 0.25
TNSS -0.2010 to 0.6430° 1.13 | 0.259°
IgE-negative AR | 0.0682 to 0.6241° 0.0167 0.38
IgE-positive AR | —0.0627 to 0.3881° | 0.238* 0.17

Notes: *Spearman’s rank correlation test; ®95% confidence intervals were derived using
Spearman’s rank correlation test.; “Fisher’s r-to-z transformation was used to test differ-
ences in correlation coefficients; 995% confidence intervals were obtained via non-
parametric bootstrap resampling (1000 iterations); P<0.05 was considered significant.
Abbreviations: IgE, immunoglobulin E; MRGPRX2, Mas-related G-protein-coupled recep-
tor member X2; Cl, Confidence interval.

not only correlate with clinical symptoms but also that IgE-negative AR patients exhibit a stronger association with
symptom severity. This suggests that plasma MRGPRX2 may aid in diagnosis of AR, complementing, but not replacing,
traditional IgE-based diagnostics.

MRGPRX2 is a critical receptor mediating pseudo-allergic reactions, leading to MC degranulation and the release of
various pro-inflammatory mediators.**** Plasma MRGPRX2 originates from EVs released by activated MCs.>’ The observed
correlation between plasma MRGPRX2 levels and both VAS and TNSS scores, specifically in nasal symptoms, supports its
role as a biomarker for nasal mucosal inflammation. Notably, the lack of correlation with ocular symptoms further emphasizes
its specificity for nasal symptoms, highlighting its clinical relevance as a potential biomarker for AR severity.

We also found a positive correlation between plasma MRGPRX2 and total IgE levels, but not with allergen-sIgE. This
observation suggests that MRGPRX2 may act synergistically with IgE-mediated mechanisms rather than being entirely
independent. IgE-triggered MC activation could enhance the release of endogenous peptides that, in turn, activate
MRGPRX2, creating a potential amplification loop of allergic inflammation.*>*® However, the stronger correlation
between plasma MRGPRX2 and symptom severity in IgE-negative AR suggests that pseudo-allergic mechanisms may
play a predominant role in this subgroup.

Our results suggest that plasma MRGPRX2 levels reflect ongoing inflammatory activity, correlating with AR
symptoms. Additionally, ROC curve analysis demonstrated the diagnostic potential of plasma MRGPRX2 in distinguish-
ing AR patients from healthy controls. Its association with disease severity further supports the utility of plasma
MRGPRX2 as a non-invasive biomarker for AR, offering a patient-friendly alternative to nasal provocation and skin
prick tests, which are often poorly accepted due to discomfort.

Since all participants were sensitized to Artemisia, one possible explanation is that specific components of Artemisia
may activate MCs via MRGPRX2 in the absence of IgE, providing a potential mechanism for IgE-negative AR.
Interestingly, plasma MRGPRX2 levels did not correlate significantly with sneezing frequency. This may be due to
the complex physiological mechanisms underlying sneezing, which involves multiple factors, including neural reflexes
and local inflammatory mediators, rather than being solely regulated by MRGPRX2-related pathways.*” Furthermore, we
observed no significant correlation between plasma MRGPRX2 and histamine levels, this may be due to the rapid release
and metabolism of histamine. It is quickly degraded by diamine oxidase and histamine-N-methyltransferase.*®

This study has several limitations. First, the relatively small sample size may affect the statistical power and
generalizability of our findings. Larger, multicenter studies are needed to validate the diagnostic value of plasma
MRGPRX2. Second, our study focused exclusively on Artemisia-induced AR, which limits the generalizability of the
findings to other allergen-induced AR cases. Third, we assessed only plasma MRGPRX2 levels and did not evaluate its
membrane-bound form on MCs or in nasal tissue. Future studies should explore the relationship between plasma and
membrane-bound MRGPRX2, as well as the role of MRGPRX2 in mediating pseudo-allergic reactions in AR, including

the underlying molecular mechanisms.
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Conclusion

Our study reveals that plasma MRGPRX2 is elevated in AR patients and correlates with symptoms. Notably, plasma
MRGPRX?2 showed stronger correlations with clinical symptoms in the IgE-negative AR subgroup. These findings
suggest that plasma MRGPRX2 may serve as a novel biomarker for both the diagnosis and assessment of disease severity
to improve the classification and management of AR, especially when patients exhibit allergic symptoms despite
clinically insignificant IgE levels. Pseudo-allergic mechanisms may contribute to AR pathogenesis independent of
classical IgE pathways.
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