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Abstract

dilatation.

Background Recombinant human Interleukin receptor antagonist (rhiL-Ra) can bind to the IL-1 receptor on the cell
membrane and reversibly blocks the proinflammatory signaling pathway. However, its effect on allergic rhinitis (AR)
and the underlying mechanism remains unknown. This study aims to investigate the efficacy of recombinant human
interleukin-1 receptor antagonist (rhiL-1Ra) on AR guinea pigs.

Methods Guinea pigs were systemically sensitized by intraperitoneal injection and topical intranasal instillation
with ovalbumin within 21 days. Animals administrated with saline served as the normal control. The AR animals
were randomly divided into the model group and distinct concentrations of rhiL-1Ra and budesonide treatment
groups. IL-1 and ovalbumin specific IgE levels were detected by ELISA kits. Nasal mucosa tissues were stained with
hematoxylin & eosin (HE) for histological examination.

Results It was found that the numbers of sneezing and nose rubbing were remarkably reduced in rhiL-1Ra and
budesonide-treated guinea pigs. Besides, rhiL-1Ra distinctly alleviated IgE levels in serum and IL-1(3 levels in nasal
mucus, together with decreased exfoliation of epithelial cells, eosinophilic infiltration, tissue edema and vascular

Conclusions rhiL-1Ra is effective in AR guinea pigs and may provide a novel potential choice for AR treatments.
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Background

Allergic rhinitis (AR) is defined as an IgE-mediated
inflammatory disease characterized by the symptoms
like sneezing, nose rubbing, rhinorrhea, lacrimation and
nasal congestion. The global prevalence of AR patients
is increasing year by year, and they usually exhibit symp-
toms such as generalized discomfort, depression, and
anxiety, which seriously reduce the quality of life [1].
Currently, although some measures have been taken for
the treatment of AR, such as medication and immuno-
therapy, they also bring some disadvantages to AR treat-
ment to a certain extent. In particular, long-term use of
first- and second-generation antihistamines can lead to
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central nervous system depression and sedative-hyp-
notic tolerance, and even result in arrhythmias in some
AR patients [2, 3]. Some patients treated with intranasal
corticosteroids may exist perforated nasal septum ulcers,
decreased endogenous cortisol secretion, and adverse
symptoms such as nasal bleeding and dry nose [1, 4, 5].
Therefore, the search for new and safer drugs to improve
the efficacy of AR remains an urgent issue.

Interleukin-1 (IL-1) functions as one of the well-char-
acterized pro-inflammatory cytokines that has significant
biologic activities. As a lymphocyte-activating factor,
IL-1 improves B cells activation leading to an increase in
IgE production, and enhances mast cell cytokine secre-
tion and histamine release [6], suggesting its close rela-
tionship with AR. Interleukin-1 receptor antagonist
(IL-1Ra) is a natural and desirable anti-inflammatory
cytokine that inhibits cytokine function by binding com-
petitively to IL-1R1. However, studies have shown that
endogenous levels of IL-1Ra produced in the synovial
fluid of some arthritis patients are insufficient to alleviate
the increase in IL-1Rs [7]. Therefore, exogenous adminis-
tration of IL-1Ra is very important for anti-inflammation.
Recombinant human IL-1Ra (rhIL-1Ra) as a genetically
engineered drug has been found to have the same bio-
logical function as natural IL-1Ra both of which can bind
specifically to IL-1R to inhibit various inflammatory dis-
eases, like encephalomyelitis [8], intestinal mucositis [9],
arthritis [10], and even cancer [11, 12]. Recently, it has
been approved by the US FDA for the clinical treatment
of rheumatoid arthritis (RA) [13], which further aroused
our interest in its treatment of AR.

In the present study, we investigated the role of rhIL-
1Ra in guinea pigs with AR. We demonstrated that rhIL-
1Ra remarkably alleviated the symptoms like sneezing
and nose rubbing. Moreover, rhIL-1Ra reduced IL-1f
and ovalbumin specific IgE levels as well as epithe-
lial cell exfoliation and eosinophilic infiltration. These
effects may confer the therapeutic effects of rhIL-1Ra as
revealed by in vivo studies.

Methods

Animals

Male Hartley guinea pigs, weighing 300-350 g, were pur-
chased from Vital River Laboratory Animal Technology
Co. Ltd. Animals were fed and housed in polypropylene
cages containing sterile sawdust at the Animal Center,
with the controlled condition of automatic 12 h light/
dark cycles, 23+2 °C temperature and 55+5% humidity,
and were given water and food ad libitum. This animal
experiment was approved by the Ethics Committee of
Beijing Institute of Radiation Medicine.
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Materials

Ovalbumin (Grade V) and Aluminium hydroxide gel
were purchased from Sigma, USA. rhIL-1Ra were sup-
plied by Beijing C&N International Sci-tech Co., Ltd.
Budesonide nasal spray was purchased from AstraZeneca
Pharmaceutical Limited Company. Guinea Pig Ovalbu-
min Specific IgE ELISA kit was obtained from Shanghai
Tianhong Biotechnology Co., Ltd. ELISA Kit for Inter-
leukin 1 Beta (IL-1p) was purchased from Wuhan USCN
Business Co., Ltd. Ovalbumin was dissolved in 0.9%
saline at a concentration of 60 mg/ml on use.

Systemic sensitization and intranasal challenge

To induce AR, the sensitization procedure was per-
formed as described by Underwood and his group [14].
Seventy healthy animals were randomly divided into
control (n=10) and model (n=60) groups. On Day 1, 4,
7, 11, 14, 18 and 21, animals were sensitized by intra-
peritoneal injection with 0.8 mL suspensions containing
ovalbumin (200 pg/animal) and aluminium hydroxide
gel (0.3 mL/animal), respectively. Ovalbumin suspen-
sion with 60 mg/mL was locally dropped once daily in the
nostril of the sensitized animals on Day 8, 10, 13, 17 and
20. Animals in the control group received equal volumes
of saline. Twenty-eight days later, animals were intrader-
mal injected with 25 pL ovalbumin suspension (200 pg/
mL) at the dorsal back surface. Redness and edema at the
injection site indicates successful sensitization. Each sen-
sitized guinea pig was given 60 mg ovalbumin suspension
(20 uL/400 g) intranasally once daily for a week (from day
29 to day 35).

Symptoms

Due to the sensitivity and timidity of guinea pigs, the ani-
mal room should be quiet and keep the temperature and
humidity constant. Five to six animals were placed in an
observation cage. Ovalbumin suspension was dropped
into both nostrils of the animals, and subsequently clini-
cal symptoms of typical AR of animals in distinct groups,
such as sneezing and nose rubbing, were observed for
one hour. Sensitized animals usually produce lacrimation
and rhinorrhea symptoms, accompanied by sneezing.
For lacrimation evaluation, +, ++ and +++ stand for mild
(hazy eye), moderate (lacrimation) and severe (lacrima-
tion with noticeable conjunctivitis), respectively [15]. For
rhinorrhea evaluation, -, +, ++ and +++ stand for none,
mild (within the nasal cavity or spraying on the walls
of cage), moderate (outside the nasal cavity) and severe
(spilling all the nasal), respectively. For nasal congestion
evaluation, -, +, ++ and +++ denote none, mild (impaired
inspiration), moderate (nasal crackles) and severe (severe
breathing impairment), respectively [16, 17].
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Pharmacodynamic evaluation

After establishment of AR models, forty-six sensitized
animals were randomly divided into five groups: the
model group (n=10), budesonide treatment group (n=9),
and 50 pg/kg, 100 pg/kg, and 200 pg/kg of rhIL-1Ra treat-
ment groups (n=9), respectively. Animals without any
treatment were considered as the control group (2=10).
Guinea pigs in the treatment groups were administrated
with budesonide (25.6 pg/kg, 10 uL/kg), and 50 pg/kg,
100 pg/kg, and 200 pg/kg of rhIL-1Ra (10 puL/kg) for 1 h,
respectively, and afterwards ovoalbumin suspension was
dropped into both nostrils of the sensitized animals.
Guinea pigs in control and model groups were given a
certain volume of saline (10 pL/kg). AR symptoms were
then assessed within 1 h. Then, animals were treated with
saline, budesonide and distinct concentrations of rhIL-
1Ra, respectively, once daily for two weeks.

Measurement of ovalbumin-specific serum IgE level
Ovalbumin-specific IgE levels in guinea pigs were
detected using commercial kits according to the manu-
facturer’s instruction. Briefly, blood samples were col-
lected and centrifuged at 3000 rpm for 10 min at 4 °C at
the end of the experiment, and then these samples were
stored at -80 °C for later use.

Measurement of IL-1f in nasal lavage fluid

The secretion of cytokines in nasal mucus is of great sig-
nificance in investigating the pathological mechanism of
AR. In this study, 0.6-0.7 mL of nasal lavage fluid was
collected with sterile plastic tubes via dropping 1 mL
saline into the animal’s nasal cavity. The nasal lavage fluid
was separated by centrifugation (3000 rpm for 10 min at
4 °C). Finally, samples were determined using ELISA kits
for Interleukin 1 Beta.

Histological analysis

After collecting the nasal lavage fluid, guinea pigs were
sacrificed for histological examination. Nasal mucosa
was separated and fixed in formalin solutions, embedded
in paraffin, and stained with HE. Five regions were ran-
domly selected for each section and evaluated by experi-
enced pathologists in a blind way.

Statistical analysis

All statistical analyses were performed with SPSS 13.0 for
Windows. All data are expressed as means+SEM. One-
way ANOVA followed by Dunnett test was employed to
estimate the difference between multiple groups. Two-
way ANOVA followed by Tukey’s post-hoc test was used
to assess symptoms (sneezing and nose rubbing) of ani-
mals in multiple groups. P<0.05 was considered as a sig-
nificant difference.
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Results

Effect of topical rhiL-1Ra on ovalbumin-mediated
symptoms of AR guinea pigs

Previously, we specifically explored the construction of
guinea pig AR models, which are induced by a two-step
process of sensitization and stimulation [17]. We found
that clinical symptoms (duration, severity and frequency
of nasal itching, sneezing and runny nose, etc.), hista-
mine contents of nasal mucosa, serum IgE, eosinophilic
infiltration of nasal mucosa, small blood vessel dilation,
tissue edema and epithelial shedding of animals in the
model group were significantly higher than those in the
control group [17], implying that the construction of this
AR model was successful. This model has been reported
in many literatures [1, 18—21]. Based on these findings,
we further explored the effect of topical rhIL-1Ra on the
symptoms of AR guinea pigs.

Sneezing and nose rubbing are generally considered
to be key indicators for the evaluation of AR in animals
[22-24]. As shown in Figs. 1 and 2; Table 1, the numbers
of sneezing and nose rubbing of animals in the control
group were 2.0+£0.8 and 18.919.2 on Day 49, respec-
tively, and yet both sneezing (16.2+5.0) and nose rub-
bing (62.3+£17.9) were sharply increased in the model
group. Treatment with 50 pg/kg (9.0+1.9), 100 pg/kg
(8.1+£2.4), and 200 pg/kg (7.6%1.5) of rhIL-1Ra promi-
nently decreased ovalbumin-mediated sneezing compar-
ing to the model group. Besides, the frequency of nose
rubbing was also markedly reduced in guinea pigs treated
with increasing concentrations of rhIL-1Ra (41.6%8.6,
38.8+8.4, 36.0+7.8). Budesonide was used as a positive
drug. It was found that the numbers of sneezing and
nose rubbing of animals in budesonide-treated group
decreased to 6.8+2.4 and 29.5+11.5 on Day 49, respec-
tively, which is similar to the results in rhIL-1Ra-treated
groups. In addition to sneezing and nose rubbing, we also
evaluated other typical clinical symptoms of AR on Day
49, such as lacrimation, congestion and rhinorrhea. Our
results showed that treatment of distinct concentrations
of rhIL-1Ra and budesonide also significantly reduced
the severity of lacrimation, congestion and rhinorrhea of
guinea pigs mediated by ovalbumin comparing to that of
animals in the model group (Table 1). Collectively, these
results demonstrated that rhIL-1Ra may have excellent
therapeutic effects in guinea pigs with AR.

Effect of topical rhiL-1Ra on IL-1f levels in nasal lavage
fluid

Increasing evidence indicates that IL-1p is a critical mole-
cule in AR and its release contributes to the inflammatory
process. To investigate the effect of rhIL-1Ra on IL-1f,
nasal lavage fluid of animals in each group was collected
to detect IL-1P levels. The results showed that IL-1f lev-
els were markedly elevated in ovalbumin-mediated AR
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Fig.1 Effectsoftopical treatmentwith rhiL-1Ra and budesonide two weeks on the sneezing challenged by ovalbumin in guinea pigs (n =10, means + SEM).
The number of sneezing was sharply decreased in rhiL-1Ra and budesonide treatment groups at Day 49. P<0.05 compared with the Model group
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Fig. 2 Effects of topical treatment with rhiLl-1Ra and budesonide two weeks on nose rubbing challenged by ovalbumin in guinea pigs (n=10,
means+ SEM). The number of nose rubbing was sharply reduced in rhiL-1Ra and budesonide treatment groups at Day 49. P<0.05 compared with the

Model group

guinea pig models (Fig. 3A). However, treatment with
100 pg/kg and 200 pg/kg of rhIL-1Ra for two weeks
notably reduced the increased levels of IL-1f (Fig. 3A).
Surprisingly, budesonide treatment did not affect IL-1f
levels (Fig. 3A). These results indicated that rhIL-1Ra
could decrease IL-1f levels in AR guinea pig models.

Effect of topical rhiL-1Ra on ovalbumin-specific serum IgE
levels

Next, we determined the levels of ovalbumin-specific
IgE in serum via the ELISA method. Compared with the
control group, animals in model group had markedly
increased serum ovalbumin-specific IgE levels (Fig. 3B).



Li et al. Allergy, Asthma & Clinical Imnmunology (2024) 20:36

Page 5 of 8

Table 1 Effects of topical rhil-1Ra on ovalbumin-induced of AR symptoms on Day 49

Group Number Frequency/severity of symptoms within 1 h
Sneezing Nose rubbing Lacrimation Congestion Rhinorrhea
Control 10 20408 189+92 +
Model 10 162+50° 623+17.9% +++ o+ +
50 pg/kg rhil-Ra 9 90+19" 416+86 ++ + -
100 pg/kg rhil-Ra 9 81424 388+84 =+ - -
200 ug/kg rhil-Ra 9 76+15 360+7.8" + - -
Budesonide 9 68+24" 2954115 +
#p<0.05, compared with the control group; *»<0.05, compared with the model group
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Fig. 3 Effects of topical treatment with rhil-1Ra and budesonide two weeks on the levels of IL-1 in nasal lavage and ovalbumin specific serum IgE in
guinea pigs (n=10, means + SEM). (A) Detection of IL-18 levels. (B) Detection of ovalbumin specific serum IgE levels. #P < 0.05, compared with the control

group; *P<0.05, compared with the Model group

However, the IgE levels were reduced in 100 pg/kg and
200 pg/kg of rhIL-1Ra and budesonide treatment groups
comparing to guinea pigs in the model group (Fig. 3B).
These results suggested that rhIL-1Ra also could decrease
ovalbumin-specific serum IgE levels in AR guinea pig
models.

Effect of topical rhiL-1Ra on histological changes
Histopathologic examination of nasal mucosa revealed
that epithelial cells of the nasal mucosa were arranged
regularly and columnar with none of inflammatory cell
infiltration, tissue edema and vasodilation in the con-
trol group (Fig. 4A and B), while the epithelial structure
of nasal mucosa of guinea pigs in the model group was
seriously damaged, which was characterized by severe
exfoliation of epithelial cells and eosinophilic infiltration
in the lamina propria (Fig. 4A and B). In contrast, treat-
ment with increasing concentrations of rhIL-1Ra and
budesonide decreased exfoliation of epithelial cells and
alleviated eosinophilic infiltration (Fig. 4A and B). These
results indicated that rhIL-1Ra significantly improved the
damage of nasal mucosa in AR guinea pig models.

Discussion

AR is an allergic disease of the nasal mucosa medi-
ated by an inflammatory mediator IgE, which seri-
ously affects people’s quality of life and daily activities.
As a type of rhinitis, AR has a prevalence of 30% and is
growing rapidly worldwide. It is usually associated with
related inducers and specific IgE antibodies; due to its
common genetic origin, asthma and eczema are asthma
and eczema are frequently found to coexist in adults and
children. These findings suggest that effective treatment
of AR is a key strategy for asthma prevention [25]. Cur-
rently, AR treatment can be divided into the following
main categories, including drug therapy, immunotherapy,
and surgery. Among them, the use of antihistamines and
topical steroids plays positive and crucial roles in improv-
ing the patients’ quality of life. Particularly, different dos-
age formulations of antihistamines (oral liquids, eye and
nose drops) are widely used to treat mild to severe AR.
However, first and second generation antihistamines
have been found to exert therapeutic limitations, such as
central nervous system depression and sedative-hypnotic
tolerance after long-term use [2]. Some of these drugs
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Fig. 4 HE staining of nasal mucosa in guinea pigs of the control and rhil-1Ra and budesonide treatment groups. (A) Animals were divided into 6 groups:
the healthy control group (control), the AR guinea pig model group (model), distinct concentrations of rhiL-1Ra-treated groups (50 pg/kg, 100 pg/kg, and
200 ug/kg rhil-1Ra), and the positive drug group (budesonide). Scale bar = 100 um. (B) The HE-stained images of the groups in Fig. 4A were magnified 20
times. Exfoliation of epithelial cells (green arrows) and eosinophilic infiltration (red arrows)

also show low specificity and side effects, including thirst,
urine retention, tachycardia, etc [26]. . , and are able to
cross the blood-brain barrier [3], leading to arrhythmias
in some patients with AR, along with anti-a-adrenergic,
anti-muscarinic, and anti-serotonin effects [3]. Patients
with long-term use of intranasal corticosteroids often
lead to septal ulcer perforation and decreased endog-
enous cortisol secretion [4], accompanied by a number of
adverse symptoms, such as nasal dryness, nasal bleeding,
and tingling sensation, etc [5]. . . Therefore, it is of inter-
est to investigate safe and effective anti-AR drugs.

Upon exposure to allergens initially, antigen presenting
cells (APC) in the body;, i.e., macrophages and dendritic
cells (DC), present allergens to CD4+T lymphocytes,
the latter of which release distinct cytokines to stimu-
late B lymphocytes to transform into plasma cells, and
to release IgE binding to mast cells and eosinophils, etc
[27]. . Mast cells, eosinophils, basophils and lymphocytes
play key roles in releasing the pro-inflammatory media-
tors, including histamine and cytokines, which are all
characteristics of the AR response [28—30]. In addition,
pro-inflammatory cytokines induce nasal symptoms and
aggravate the inflammatory of AR.

Numerous studies have shown that IL-1 serves as a
pro-inflammatory cytokine that contributes to B-cell
activation and increased IgE production [31, 32]. How-
ever, IL-1Ra inhibits cytokine function by competitively
binding to IL-1R. Recently, the genetically engineered
drug rhIL-1Ra has been found to bind specifically to

IL-1R to antagonize various diseases caused by IL-1 over-
expression, such as rheumatoid arthritis (RA), sepsis,
type II diabetes, and other inflammatory diseases [33].
This further aroused our interest in its treatment of AR.

In a previous study, we successfully constructed
AR guinea pig models [17]. Based on this, we further
explored the effect of topical rhIL-1Ra on the symptoms
of AR. In this study, we found that both sneezing and
nose rubbing were sharply elevated on Day 49 in oval-
bumin-mediated AR guinea pig models, while treatment
with rhIL-1Ra significantly decreased the frequency of
sneezing and nose rubbing in guinea pigs (Figs. 1 and
2; Table 1), which is consistent with the results of some
published papers [22-24]. In addition, rhIL-1Ra also
remarkably alleviated the severity of lacrimation, con-
gestion and rhinorrhea of AR animals (Table 1). Taken
together, these data confirmed the excellent therapeutic
effects of rhIL-1Ra in guinea pigs with AR.

Allergic inflammation is associated with the imbal-
ance of TH1 vs. TH2 cytokine expression, which leads
to over activity of TH2 [34]. TH1 cells secrete IL-2,
interferon-y (IFN-y), tumor necrosis factor (TNF), and
antagonistic cytokines of IgE. TH2 cytokines, such as
IL-4, IL-5 and IL-13, induce IgE production and activate
eosinophilia. AR treatment contributes to the downregu-
lation of TH2 cytokines [35]. IL-1p is a significant pro-
inflammatory cytokine produced by epithelial cells in
nasal mucosa. Studies indicated that AR is a persistent
inflammation that promotes eosinophil activation and
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Fig. 5 Schematic diagram showing the potential mechanisms for the therapeutic effects of rhIL-1Ra on AR guinea pig models. rhil-1Ra treatment allevi-
ates rhinitis symptoms, like snnezing, nose rubbing, lacrimation, congestion and rhinorrhea, thorugh reducing IL-1 and ovalbumin specific IgE levels.
Meanwhile, rhiL-1Ra causes decreased exfoliation of epithelial cells and eosinophilic infiltration

IL-1P upregulation [36]. IL-1p is required for the induc-
tion of ovalbumin specific T cells and local inflammatory
in the sensitization and elicitation phase [37]. Further-
more, IL-13 enables B cell to differentiate into plasma
cells that secrete IgE, thereby enhancing mast cell activa-
tion mediated by TH2 cytokines, leading to IgE produc-
tion (Fig. 5) and ultimately to the development of AR
[38-40]. rhIL-1Ra, a natural regulator and antagonist
of IL-1, binds the receptors to inhibit multiple activities
of IL-1 without induction of downstream signaling cas-
cades [41]. We speculate that rhIL-1Ra may suppress the
production of IgE and finally block the release of inflam-
matory cytokines. Our results showed that IL-1p and
ovalbumin specific IgE levels were markedly increased in
ovalbumin-mediated AR guinea pig models (Fig. 3A and
B). However, administration with rhIL-1Ra decreased
IL-1p and ovalbumin specific IgE levels (Fig. 3A and B).
Meanwhile, rhIL-1Ra significantly reduced the shedding
of nasal mucosa epithelial cells, the infiltration of eosino-
phils, the tissue edema and the vasodilation comparing to
the model group (Fig. 4A and B). These data further con-
firmed our speculation that rhIL-1Ra may decrease IgE
levels and thus inhibit the release of inflammatory cyto-
kines, like IL-1p.

In conclusion, in contrast to antihistamines and ste-
roids, rhIL-1Ra has been approved by the FDA to bind
specifically to IL-1R and inhibit IL-1-mediated multiple
inflammatory diseases. We successfully constructed AR
guinea pig models and found for the first time that rhIL-
1Ra exhibited a strong therapeutic efficacy on guinea pigs
with AR. The anti-AR effects were closely associated with

reduction of IL-1f, and ovalbumin specific IgE levels and
alleviation of epithelial cell exfoliation, eosinophilic infil-
tration, tissue edema and vascular dilatation (Fig. 5). This
study provides additional options for the safe and effec-
tive treatment of AR.

Conclusions

In conclusion, this study implies that rhIL-1Ra is effective
in AR guinea pigs and may be a novel promising drug for
AR.
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