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Purpose: Olfactory dysfunction (OD) in allergic rhinitis (AR) significantly diminishes quality of life, yet its pathophysiology remains
unclear. The Notch signaling pathway is known to regulate olfactory epithelium proliferation and differentiation in murine models, but
its role in AR with OD (AR+OD) is yet to be elucidated. This study aims to explore neuronal expression patterns and the involvement
of Notch signaling in AR+OD.

Patients and Methods: Symptom severity of 111 AR patients, 65 non-AR patients, and controls was evaluated according to the
SNOT-22 criteria. Olfactory dysfunction in an AR mouse model was assessed via the Buried Food Pellet Test (BFPT).
Immunofluorescence, H&E staining, ELISA, and PCR techniques were employed to detect inflammation and olfactory epithelium
in AR+OD, AR without OD (AR-OD), and control groups. DAPT, a Notch signaling inhibitor, was administered to assess its
therapeutic potential in OD of AR.

Results: AR patients had higher sneezing, rhinorrhea, nasal itching, nasal congestion and olfactory scores, but no correlation was
found between nasal congestion and olfactory dysfunction. Significant increases in the symptom scores, eosinophil infiltration, OVA-
specific IgE levels and worse olfactory function were observed in the AR mice model compared to the Control group. In particular, AR
+OD mice group exhibited thinner olfactory epithelium, increased immature neuron expression, decreased mature neurons, and
upregulated Notch expression as compared to AR-OD group. DAPT treatment significantly enhanced olfactory mature neuron
expression and improved OD of AR mice.

Conclusion: Our research indicates that impaired differentiation of olfactory neurons may contribute to the underlying causes of
olfactory dysfunction in AR. Additionally, inhibiting the Notch signaling pathway promotes the maturation of the olfactory epithelium
and improves olfactory dysfunction in AR mice, offering potential therapeutic strategies for olfactory disorders in AR.
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Introduction
Allergic rhinitis (AR) is a common chronic inflammatory disease of the nasal mucosa which affects approximately 30%
of the population.’ Olfactory dysfunction (OD) is one of the primary symptoms of AR, which ranged from 20-40% and
increased with the duration and severity of this disease.> Moreover, The olfactory system is vital for identifying food,
mates, and dangers, while olfactory dysfunction impairs the ability to perceive flavors, detect harmful odors, and
diminishes overall quality of life.*> However, the underlying mechanisms and therapeutic strategies of OD in AR
remain poorly understood.

The olfactory epithelium (OE) is a pseudostratified structure composed primarily of apical sustentacular cells, mature
and immature olfactory sensory neurons, globose basal cells (GBCs), and horizontal basal cells (HBCs).® Olfactory
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sensory neurons (OSNs), which are generated from basal cells, detect thousands of volatile environmental odors and
contribute to the sense of smell.” Studies have indicated that cell damage and dysfunction in OE induced by inflammation
plays a vital role in the development of OD.® In chronic rhinosinusitis (CRS) patients with OD, OSNs exhibit abnormal
morphology, including a lack of discernible dendrites and/or axons, along with a reduced number of OSNs.”'°

The Notch signaling pathway is an important pathway of intercellular communication. There are four highly
conserved transmembrane receptors, namely, Notch 1, Notch 2, Notch 3, and Notch 4, and five ligands, jagged 1, jagged
2, delta-like-1 (DI11), delta-like-3 (DI13), and delta-like-4 (DI14), that participate in this pathway in mammalian cells."'
The Notch signal transduction between cells is completed through the binding and activation of its ligand receptors,
thereby activating downstream target genes.'” It plays a critical role in regulating progenitor cell proliferation and
differentiation across various tissues and organs.'*"'* Emerging evidence suggests that this pathway may similarly
influence homeostasis in the olfactory epithelium.'® In the OE, several Notch ligands, including Jaggedl, Jagged2,'®
and delta-like ligands DIl1, DII3, and DI4,'” as well as the receptors Notch 1-3,"'® have been identified. Notch2 is
essential for maintaining sustentacular cell function'®, while Notchl may play a distinct role in the commitment and
differentiation of neuronal and glial lineages in the olfactory epithelium (OE).'® Collectively, these findings underscore
the crucial role of Notch signaling in regulating the differentiation of olfactory epithelial cells.

Our previous study’ demonstrated that Notch activation in the OE promoted the retention of cells in a progenitor or
immature state, leading to an increase in proliferative progenitor/stem cells and a decrease in mature neuronal cells. A limited
number of studies have reported on the relationship between Notch signaling and the pathogenesis of AR.?>>* These studies
highlight the potential role of notch signaling in AR inflammation. Additionally, some studies®* have reported that Notch
signaling inhibitor (GSI-IX, DAPT) can reduce the inflammatory response in murine models of AR. However, the regulatory
role of Notch signaling in AR with olfactory dysfunction (OD) remains poorly understood. Therefore, we hypothesize that the
Notch signaling pathway plays a crucial role in AR with OD. We aim to explore the underlying mechanisms of OD in AR and
investigate the therapeutic effects of blocking Notch signaling using a mouse model of AR with OD.

Materials and Methods

Sample Collection and Symptoms Assessment of Patients with Allergic Rhinitis

From January 2021 to December 2022, 111 AR patients, 65 non-AR patients and 21 control patients were enrolled in this
study. The diagnosis of AR patients adhered to the 2015 Chinese guidelines for diagnosis and treatment of AR,>
specifically excluding cases with significant nasal septum deviation, acute or chronic nasal infections, and severe
systemic illnesses. The inclusion criteria consisted of six groups of 20 common inhalant allergens tested for sIgE and
classified as grades 0—6 by concentration according to the determination method provided by the German allergen
detection system: Patients exhibiting symptoms of rhinitis but having allergen-specific IgE negative were categorized into
the non-AR group (comprising 65 cases), whereas those who display symptoms and allergen-specific IgE positive were
assigned to the allergic rhinitis group (consisting of 111 cases).?* In addition, we selected people who had neither nasal
symptoms nor IgE positive as a control group. All experimental procedures received approval from the Ethics Committee
of Qilu Hospital of Shandong University, and all patients provided informed consent. All subjects were evaluated for
nasal symptoms (sneezing, rhinorrhea, itching, and congestion) and olfactory disturbances based on the Sino-Nasal
Outcome Test (SNOT)-22 criteria. The SNOT-22 scoring system ranges from 0 to 5, corresponding to: No problem, Very
mild problem, Mild or slight problem, Moderate problem, Severe problem, Problem as bad as it can be, respectively”
Finally, three milliliters of peripheral blood were collected from the patients with 20 AR patients with OD, 10 AR
patients without OD and 10 controls. It was left standing for 30—60 min and centrifuged at 600 g for 10 min. The serum
was isolated and stored at —80°C for later use. The level of Notchl expression in the serum was detected by ELISA.
Notchl ELISA kits were purchased from R&D Systems (USA).

Establishment of the AR Model with OD

We chose C57BL/6 mice aged 6 to 8 weeks, supplied by the Shandong University Animal Experiment Center. Starting
on day 0 and continuing on days 7 and 14, the mice were intraperitoneally injected with 200uL of phosphate-buffered
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saline (PBS, Gibco 10010023) containing 100pg of ovalbumin (OVA, Sigma-Aldrich A5503) and 4 mg of aluminum
hydroxide (AL(OH) 3, Sigma-Aldrich 21645-51-2). From day 21 to 28, the experimental group mice (n=36) were
administered 20pL of PBS with 800ug OVA nasally once a day, and the control group mice (n=16) received the same
volume of PBS nasally.”® Then, on the evening of day 27, food was withheld and only water was given. After the final
nasal challenge on day 28, behavioral observations for nasal symptoms and the Buried Food Pellet Test (BFPT) were
conducted. The frequencies of rubbing and sneezing were recorded within 30 minutes, and scores were calculated as
follows: 1, wipes the nose slight for several times or sneezes less than 3 times; 2, repeatedly wipes the nose or sneezes
more than 3 times and less than 10 times; 3, keeps rubbing from nose to face or sneezes more than 11 times.?’
Additionally, runny nose was scored from 0 to 3 based on the location of nasal discharge: without discharge (0), to the
anterior nostril (1), beyond the anterior nostril (2), or all over the face (3). The symptom score is obtained by adding three
symptoms together. Animals not able to achieve to more than 4 scores are classified as the control group. The AR model
with OD was established as described previously.”® All experimental procedures were approved by the Animal Ethical
Committee of Qilu Hospital of Shandong University.

Evaluation of Mouse Nasal Symptoms and the Buried Food Pellet Test (BFPT)

Two hours following the last nasal challenge (OVA or PBS), observers, unaware of the experiment details, recorded the
frequency of sneezing, rhinorrhea, and nose rubbing in 30 min in each group of mice. If a total score above 5 was
obtained, it was considered indicative of successful model creation. The scoring method of the mice was performed in
accordance with the literature.”” After a 12-hour fast, mice were introduced into a testing cage (45 x 24x20 cm) with
a 3 cm thick layer of bedding, beneath which 2 grams of feed were buried 0.5 cm deep. The time taken by the mice to
locate the feed was noted; if the search time exceeded 5 minutes, it was considered a failure to find the feed. For each
test, both feed and bedding were refreshed. Mice that were unable to locate the food across three successive attempts
were considered to exhibit olfactory dysfunction symptoms.

Hematoxylin and Eosin (H&E) Staining

Mouse heads were fixed for 48 hours in 4% paraformaldehyde (Biosharp BL539A), and afterward, they were decalcified
in EDTA solution (BOSTER AR1071) until the skull could be penetrated by a large pin. Subsequent to paraffin
embedding, sectioning (4 micrometers in thickness), xylene clearing, and water-based dewaxing, slides were stained
with hematoxylin and eosin (H&E). After the paraffin sections were deparaffinized, hematoxylin was used to stain the
nucleus and eosin was used to stain the cytoplasm. The morphology of the nasal mucosa was observed under a light
microscope (x400). Five fields on each slice were randomly selected, in which the number of eosinophils was counted
under the microscope and then averaged.

Preparation of Frozen Sections and Immunofluorescence Staining

After the decalcification process, the mouse heads were washed in PBS and then gradually dehydrated through 10%, 20%,
and 30% sucrose solutions, before being embedded in OCT compound (Sakura 4583) and frozen with liquid nitrogen. Next,
the frozen tissues were sectioned into 12 micrometer coronal sections using a cryostat (LECIA CM1900). Sections were
first warmed for 15 minutes at 37°C, then treated with 0.3% Triton X-100 (Solarbio T8200) for membrane permeabilization
for 30 minutes, followed by blocking with 5% bovine serum albumin (BSA) (Solarbio SW3015) for an hour, and finally,
incubated with the primary antibody overnight at 4°C. On the following day, sections were washed thrice in PBS, each for
5 minutes, and subsequently incubated with the secondary antibody in the dark at 37°C for 1 hour. Lastly, after washing with
PBS, sections were cover slipped using an anti-fade mounting medium containing DAPI (Solarbio S2110), and images were
acquired using the SLIDEVIEW™ whole slide scanning system. The primary antibodies and dilutions used in the
experiments were as follows: rabbit anti-Notchl (1:200; Cell Signaling Technology, 4380); rabbit anti-GAP43 (1:200;
Millipore, sc-17790); rabbit anti-Olfactory Marker Protein/OMP (1:400, abcam, ab183947); mouse anti- UCHL1/PGP9.5
(1:200, proteintech, 14730-1-AP). The secondary antibodies used in the experiments were as follows: Alexa Fluor 488 goat
anti-Rabbit (ab150077), Alexa Fluor 594 goat anti-Rabbit (SA00013-4); Alexa Fluor 488 goat anti-Mouse (ab150113).
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Real-Time Quantitative Polymerase Chain Reaction

To begin, total RNA was extracted from the mouse olfactory mucosa using Trizol (Sigma-Aldrich T9424), with its concentration
measured using a NanoDrop™ One/OneC microvolume UV-Vis spectrophotometer. This was followed by rapid reverse
transcription into cDNA, culminating in Real-time qPCR to evaluate gene expression levels within the samples using
Vazyme HiScript III RT SuperMix for qPCR and Vazyme ChamQ SYBR qPCR Master Mix reagents. The necessary primers
were sourced from Shanghai Biosheng Biotech. Primer sequences were: OMP Forward: 5'- TCCGTCTACCGCCTCGATTT-3',
Reverse: 5-CGTCTGCCTCATTCCAATCCA-3'. GAP43 Forward: 5-TGGTGTCAAGCCGGAAGATAA-3', Reverse: 5'-
ATGAGGTCCACCACCCTGT-3". GAPDH Forward 5- TGCGACTTCAACAGCAACTC -3', Reverse 5'-
ATGAGGTCCACCACCCTGT-3".

Inhibiting the Notch Signaling Pathway with DAPT

We selected (n=7) AR+OD mice administered Smg/kg DAPT (Sigma-Aldrich D5942) daily from day 29 to 35, alongside
ongoing nasal provocations. AR+OD mice (n=5) and Control mice (n=5) were given the same amount of PBS. On the
evening of day 34, fasting without water restriction was implemented, followed by behavioral evaluations for nasal
symptoms and the BFPT conducted after the last nasal stimulation on day 35.%%°

Statistical Analysis

Data generated in this study were analyzed using GraphPad Prism 8 and SPSS version 26.0 (SPSS Inc., Chicago, IL).
Symptom scores were represented as mean with standard deviation (SD). Spearman correlation analysis was used to
evaluate the correlation between nasal congestion and olfactory dysfunction scores. In order to compare the mRNA
expression and positive cell numbers among the different groups, one-way ANOVA followed by Tukey’s multiple
comparisons test was carried out to assess for the differences between groups. Statistical significance was determined by
a p value of <0.05.

Results
The SNOT-22 Scale Scores of Patients with Allergic Rhinitis

The main symptoms including sneezing, nasal obstruction, rhinorrhea, nasal itching and olfactory disorder of 111 AR
patients, 65 non-AR patients, and 21 healthy subjects (Ctrl group) were collected in the SNOT-22 scale (Table 1). Both the
AR and non-AR group showed more severe allergy symptoms than controls (Figure 1A, Table 1). Moreover, The AR group
displayed higher scores in nasal itching, nasal congestion and olfactory than that in non-AR group (Figure 1B-E). It
emphasizes that AR exhibits more severe nasal symptoms and olfactory disorders compared to non-AR and control groups,
and has a more profound impact on individuals’ quality of life. In addition, no significant correlation was observed between
nasal congestion and olfactory disorders (r=0.145, p=0.128), suggesting nasal obstruction may not be the main cause of

olfactory dysfunction in AR. Therefore, we proposed using animal models to further investigate the pathogenesis.

Table | The SNOT-22 Scale Scores of Subjects Enrolled in the Study

The SNOT-22 scale scores | AR (n=111) | Non-AR (n=65) | Ctrl (n=21)
Age, mean £SD 33.3749.39 34.1848.33 29.86+11.70
Female, (%) 89(64.86) 43(66.15) 15(71.43)
Sneezing, mean +SD 1.78+0.95 1.63+0.91 0.14+0.36
Rhinorrhea, mean +SD 2.87+0.48 2.68+0.69 0.10+0.30
Nasal itching, mean +SD 1.231£0.99 0.851£0.83 0.19+0.40
Nasal congestion, mean +SD 1.57+0.97 1.09+1.65 0.05+0.22
Olfactory disorder; mean +SD | 1.43%1.78 0.86+1.32 0.05+0.22

Abbreviations: SD, standard deviation; AR, allergic rhinitis; Ctrl, control.
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The OD Exhibited in the AR Mouse Model Was Independent of Inflammation

To further explore the OD in AR, we built OVA-induced AR mice models and measured their OD with BFPT
(Figure 2A). Among the 36 AR mice, 55.56% (20/36) mice had OD (AR+OD), which exhibited a significantly
prolonged latency in locating the pallet compared to the control group and AR-OD group (Figure 2B), further
suggesting the widespread presence of OD in AR. Moreover, the frequency of sneezing, rubbing, symptom scores,
eosinophil infiltration and OVA-specific IgE levels were significantly increased in the two AR mice groups compared
with the Ctrl group (Figure 2C—H), but no difference were observed between the AR+OD and AR-OD groups in all
these indicators, suggesting that the OD may be an independent impairment of AR that cannot be solely attributed to
inflammation and nasal symptoms, other factors such as neuron, olfactory epithelium and olfactory bulb dysfunction
may contribute to OD.

The Thickness of Olfactory Epithelium and the Subepithelial Eosinophils Infiltration in
AR Mice

We stained the olfactory epithelium in the three groups and observed that the AR group had more eosinophils than the
control group. However, no significant difference was observed in subepithelial eosinophil counts between the AR+OD
group and the AR-OD group (Figure 3A and B), suggesting that eosinophil infiltration may not be a direct cause of
olfactory dysfunction. Additionally, the olfactory epithelium in the AR+OD group was thinner than those in the AR-OD
and Control group, whereas no significant difference was noted between the AR-OD and Control groups (Figure 3A—C),
indicating alteration in the olfactory epithelium may serve as a potential factor contributing to OD in AR.

Expression of Neurons in AR Mice with OD

To explore the variations of OE, we stained neurons labeled by PGP9.5 and found the number of neurons was
significantly decreased in the AR+OD group compared to the Ctrl and AR-OD group (Figure 4A and B). To clarify
the changes in neurons, we subsequently stained both immature and mature neurons, labeled by GAP43 and OMP
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respectively and found the number of mature neurons and the mRNA expression of OMP was significantly decreased in
the AR+OD group compared to the Ctrl and AR-OD group (Figure 4C-E), which may explain the loss of olfactory
sensation. However, we further found that most of the neurons in olfactory epithelium of AR+OD group were immature
neurons, which was significantly higher than those of control group in both protein and mRNA levels (Figure 4F-H).
Collectively, these may suggest that the OD of AR may be attributed to the cessation of trans-differentiation of immature
to mature olfactory neurons.

Our previous studies showed that Notch activation promoted progenitor cell proliferation while inhibited neuronal
maturation in the olfactory epithelium, so we further performed Notchl immunostaining and PCR analysis and observed
a significant increase in Notchl expression levels within the allergic group compared to the control group. Additionally,
Notchl was higher in the AR+OD group than in the AR-OD group (Figure 41-K), indicating its crucial role in OD of AR.
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Blocking Notch Signaling Pathway Promoted Neuronal Differentiation and Improved

OD of AR Mice

Subsequently, we inhibited the Notch signal with DAPT, which successfully decreased the high Notch expression in AR
+OD group (Figure 5A and B). In the AR+OD+DAPT group, the expression of immature neurons decreased (Figure SC
and D), while the expression of mature neurons increased (Figure 5E and F). Additionally, we also found that the neuron
expression was elevated, approaching that of the control group (Figure 5G and H). This suggests that inhibiting of Notch
promote neuronal differentiation. It is noteworthy that Notch inhibition significantly improved OD in AR mice, as
indicated by the shorter time until finding the pellet in AR+OD+DAPT group compared to the AR+OD group
(Figure 5I). Finally, we measured the expression level of Notchl in the serum of patients with allergic rhinitis using
ELISA, specifically in the AR+OD group, the AR-OD group, and the Ctrl group. The results revealed that the expression
of Notchl in the AR+OD group was significantly higher than that in the other two groups, with no significant difference
between the AR-OD and Ctrl groups (Figure 5J). This finding suggests that Notchl plays a regulatory role both in
humans and in mice with allergic rhinitis accompanied by olfactory dysfunction.

Discussion
The mechanism of OD in AR is not fully understood. Recent studies reported that the degree of nasal obstruction was not
directly related to AR induced OD,*® which is consistent with our finding that no correlation between olfactory disorders
and nasal congestion was observed in AR patients. In our study, the olfactory scores of 111 AR patients, 65 non-AR and
21 control people were assessed using the SNOT-22 scale, in which both the AR and non-AR group showed more severe
allergy symptoms than controls. Moreover, The AR group displayed higher scores in nasal itching, nasal congestion and
olfactory disorders than that in non-AR group. These findings revealed that the occurrence of olfactory dysfunction in
individuals with AR is notably high, and its etiology does not stem from nasal congestion. Consequently, we embarked
on mouse modeling to delve deeper into its underlying mechanisms.

In this study, we evaluated whether the experimental animal model (AR+OD) is well established. In the AR group,
the symptom scores, blood OVA specific IgE levels and eosinophils number in the subcutaneous layer of the nasal

3132

mucosa were significantly elevated compared to the control group. Kern et a reported that chronic rhinosinusitis
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Figure 5 The expression of Notch! in control, AR+OD, and Notch inhibited group (AR+OD+DAPT) (A and B). The expression of immature

neurons across these three

groups (C and D). The number of mature neurons in these three groups (E and F). The expression of neurons in the three groups (G and H). The results of the Buried
Food Pellet Test for these three groups (I). The expression of Notchl in AR patients (J). All the pictures were taken under a light microscope at X400 magnification (Scale

bar = 20um). All data are presented as mean *+ SEM. *:p<0.05, **:p<0.01, ***:p<0.001.
Abbreviations: AR, allergic rhinitis; OD, olfactory dysfunction; SEM, standard error of the mean.
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(CRS) patients exhibit a high number of inflammatory cells in the olfactory mucosa, along with a thinning of the
olfactory epithelium. Consistently, we observed that the olfactory epithelium in the AR+OD group was thinner than the
AR-OD and control group, suggesting that thinning of the olfactory epithelium may contribute to the olfactory
dysfunction in AR. Additionally, no significant difference was observed in subepithelial eosinophil infiltration between
AR+OD and AR-OD group, indicating that subepithelial eosinophil infiltration may not be the causes of the olfactory
dysfunction. However, we cannot exclude the potential role of other inflammatory cells. Human chronic olfactory
inflammation was reported to be typically associated with CRS and characterized by local immune cell infiltration, the
production of inflammatory mediators, loss of sensory neurons, and decreased olfactory function.>'* Chen et al**
demonstrated that olfactory loss associated with chronic rhinosinusitis was linked to a functional shift in neuroepithelial
stem cells from a regenerative role to one of immune defense, with T lymphocytes being the predominant immune cell
population involved in this process. In light of these findings, our future research will focus on exploring the relationship
between inflammatory cells and olfactory dysfunction in AR.

Wang et al*® found that the inflammatory response of AR led to pathological changes in the olfactory mucosa,
characterized by a decrease in the expression of olfactory marker protein and a reduction in the number of olfactory receptor
neurons. Our research further found that the number of mature neurons reduced and the number of immature neurons
increased in the AR mice with OD. Based on a comprehensive review of the literature, our study is the first to investigate the
maturity of neurons in the olfactory epithelium of AR models. Given that previous research has indicated the influence of
Notch activation in promoting the retention of cells in the olfactory epithelium (OE) at either a progenitor or immature state,’
we sought to ascertain whether Notch plays a role. Consequently, we discovered that the Notch1 expression was elevated in
the AR group compared to the control group, with even higher levels observed in the AR+OD group relative to the AR-OD
group. This suggests that elevated Notchl may contribute to the development of olfactory dysfunction, or conversely, that
olfactory dysfunction leads to an increase in Notchl expression, which fails to downregulate appropriately, resulting in
neurons remaining in an immature state. Our findings further confirmed that inhibition of Notch signaling pathway enhanced
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Figure 6 Schematic model of the expression of neurons in the olfactory epithelium and the role of Notch signaling pathway in allergic rhinitis with olfactory disorders. The
cessation of differentiation from immature to mature olfactory neurons may lead to olfactory disorders in allergic rhinitis, whereas inhibiting Notch| may facilitate neuronal
differentiation and aid in the restoration of the olfactory epithelium.

5106 https: Journal of Inflammation Research 2025:18



Duan et al

neuronal differentiation and supported the recovery of olfactory function (Figure 6). In the final stage of our research, we
confirmed that the expression of Notchl was elevated in the AR+OD patients. Thus, targeting Notch signaling could be
a promising therapeutic strategy for AR. However, further research is needed to determine the optimal timing for intervention
and to develop effective strategies for implementing this approach.

There are several limitations to this study. First, the clinical applicability of our findings is constrained by the reliance
on animal models, the relatively small sample size, and the absence of long-term or functional follow-up assessments.
Additionally, our focus on the Notch signaling pathway, while providing valuable insights, may offer a somewhat narrow
perspective on the complex mechanisms underlying the condition. To address these limitations, future research should
prioritize larger-scale longitudinal studies in human populations, incorporating behavioral assessments and functional
outcomes. Furthermore, exploring additional signaling pathways and molecular networks will be essential to achieve
a more comprehensive understanding of the disease and to establish a stronger theoretical foundation for developing
effective treatment strategies.

Conclusion

In conclusion, this study suggests that impaired differentiation of olfactory neurons may underlie olfactory dysfunction in
AR. Additionally, inhibition of the Notch signaling pathway promotes the differentiation of olfactory epithelium in AR
patients with OD, offering new insights into the pathogenesis of olfactory disorders in AR and presenting potential
therapeutic avenues for treatment.

Abbreviations

AR, allergic rhinitis; OD, olfactory dysfunction; OE, olfactory epithelium; GBCs, globose basal cells; HBCs, horizontal
basal cells; OSNs, Olfactory sensory neurons; CRS, chronic rhinosinusitis; SEM, standard error of the mean; OVA,
ovalbumin, SD, standard deviation; Ctrl, control; BFPT, Buried Food Pellet Test; H&E, hematoxylin and eosin; Sino-
Nasal Outcome Test-22, SNOT-22.
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