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The study of the role of purified 
anti‑mouse CD193 (CCR3) antibody 
in allergic rhinitis mouse animal 
models
Youwei Bao 1,2, Zhaokun Wu 1,2, Xinhua Zhu 1*, Jun Wu 1, Yinli Jiang 1, Ying Zhang 1, Yu Zhu 1, 
Zheng Liu 1, Yi Deng 1, Wenqiang Liu 1, Mengyi Wei 1, Weiming Luo 1 & Yating Xiao 1

The pathogenesis of allergic asthma is similar to that of allergic rhinitis, with inflammation cells 
producing and releasing inflammatory mediators and cytokines closely related to CCR3.Based on the 
theory of "one airway, one disease", the use of CCR3 monoclonal antibody may have a similar effect 
on allergic rhinitis. However, there are few studies on CCR3 monoclonal antibody in allergic rhinitis. 
Therefore, the aim of this study was to investigate the effective concentration of CCR3 monoclonal 
antibody, to compare the effects of different methods of administration, and to examine the lung 
condition of allergic mice to investigate whether antibody treatment protects the lungs. In this study, 
we constructed a mouse model of allergic rhinitis and intraperitoneally injected different doses of 
CCR3 monoclonal antibody (5, 10, and 20 uL/mg) to observe its therapeutic effect: observing changes 
in tissue morphology of nasal mucosa, infiltration of inflammation, and using ELISA to detect changes 
in relevant inflammatory mediators and cytokines, studying the role of CCR3 mAb in inhibiting CCR3‑
related actions on the nasal mucosa of allergic rhinitis mice. Furthermore, In addition, the therapeutic 
effects of intraperitoneal injection (i.p.) and intranasal administration (i.n.) were studied on the basis 
of effective concentrations.

Allergic rhinitis (AR) is a type I allergic reaction in the nose triggered by exposure to specific allergens in indi-
viduals with atopy, mediated by IgE and involving various cytokines and inflammatory mediators. The inflamma-
tion in AR primarily involves eosinophils, Th2 cells, and mast cells, which all express CCR3 on their  surfaces1–4.

Previous studies have reported the important role of the CCR3 pathway in the activation of eosinophils in vivo 
and have also demonstrated increased CCR3 expression in allergic airway diseases. The pathogenesis of AR is 
closely related to CCR3 chemokine receptor 3 (CCR3). In this study, we used RNAi to silence CCR3 and found 
that it could inhibit the proliferation and promote apoptosis of mouse eosinophils. Deletion of the CCR3 gene in 
mice reduced the number of invasive eosinophils and the severity of inflammation in AR mice by downregulating 
the expression of EPO, ECP, MBP, IL-4, and IgE.

CCR3 monoclonal antibody (CCR3 mAb)5–9 is a highly uniform antibody produced by a single B cell clone 
that targets specifically to the CCR3 antigen  epitope10,11. It is usually generated using hybridoma technology 
and can specifically block the downstream effects of CCR3 on cells. Therefore, using CCR3 mAb can inhibit the 
actions of inflammatory cells in an allergic state and reduce the amplification of allergic reactions. The CCR3 
mAb used in this study was produced by BioLegend (AB_2715914, BioLegend Cat. No. 144502)12,13, which had 
previously been used for flow cytometry detection but was applied for therapeutic use in this experiment to 
explore its  efficacy14–17.

Results
Statistical analysis of behavioral physiology in each group of mice
After the final mouse nasal OVA challenge, the number of sneezing and scratching nose counts within 10 min 
were counted. Through behavioral observation (Fig. 1A,B), the average scratching nose time for normal control 
mice was 5.20 ± 1.16 s/time, and the average sneezing time was 2.80 ± 0.66 s/time; for allergic rhinitis group (AR 
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group), significant symptoms of scratching nose and sneezing were observed, with an average of 37.20 ± 2.46 s for 
a scratching nose action and 31.00 ± 2.63 s for a sneezing action; in the CCR3mAb1 group, the average scratch-
ing nose time was 32.00 ± 1.58 s/time, and the average sneezing time was 29.20 ± 1.93 s/time; in the CCR3mAb2 
group, the average scratching nose time was 28.00 ± 1.18 s/time, and the average sneezing time was 19.80 ± 1.16 s/
time; in the CCR3mAb3 group, the average scratching nose time was 26.60 ± 2.42 s/time, and the average sneezing 
time was 18.60 ± 1.57 s/time. Based on the above data, it can be found that the CCR3mAb23 i.p. group also had 
obvious scratching nose and sneezing, but compared to the AR group, it was significantly alleviated, and there 
was a statistical significance (P < 0.05), but it was still higher than the normal control group, especially in the 
allergic rhinitis group (all P˂0.05). However, there was no significant difference in the number of sneezing and 
scratching nose counts between the CCR3mAb1 i.p. group and AR group (Fig. 1). The behavioral observation 
and analysis of mice showed that using CCR3mAb could improve symptoms of allergic  rhinitis18–20.

Through behavioral observation (Fig. 2A,B), based on the above data, it can be found that the CCR3mAb 
i.p. group also had obvious scratching nose and sneezing, but compared to the AR group, it was alleviated, and 
there was a statistical significance (P < 0.05), but it was still higher than the normal control group, especially in 
the allergic rhinitis group (all P < 0.05). However, there was no significant difference in the number of sneezing 
and scratching nose counts between the CCR3mAb i.n. group and AR group. The behavioral observation and 
analysis of mice showed that using CCR3mAb intraperitoneal injection could improve symptoms of allergic 
rhinitis, while topical application had no difference.

Detection of mouse nasal mucosa (HE X400)
The results showed that in the normal control group, the nasal mucosa tissue structure was clear, intact, smooth 
surface, and no significant swelling of the mucosa and submucosa. There was only a small amount of inflam-
matory cells infiltrating the tissue, with no significant dilation of glands in the intrinsic layer of the mucous 
membrane, and clear cilia could be observed with well-organized arrangement (Fig. 3A).

In the allergic rhinitis group, the nasal mucosa structure was unclear, and there was a large number of 
inflammatory cells infiltrating the tissue. The mucosa and submucosa were significantly swollen, with a blurred 
boundary, and cilia were destroyed, disordered, and shed. Some epithelial cells were damaged and detached 
(Fig. 3B). Compared to the normal control group, it showed significant signs of inflammation. However, when 
comparing the AR group with the  CCR3mAb1 i.p. group, the arrangement of cilia in the mucosa was slightly 
more organized, and there was no significant difference in terms of inflammation infiltration (Fig. 3B,C). In the 
 CCR3mAb2 i.p. group, the overall structure of the nasal mucosa was still clear. The shedding of upper cilia was 
less severe than in the AR group. The boundary between the mucosa and submucosa could still be differentiated, 
and the infiltration of inflammatory cells in the mucosa and submucosa was significantly reduced compared to 
the allergic rhinitis group (Fig. 3D). In the  CCR3mAb3 i.p. group, the overall structure of the nasal mucosa was 
more distinct. The structure of upper cilia partially recovered, and the mucosa and submucosa returned to their 
normal structure. The infiltration of inflammatory cells in the mucosa and submucosa was also significantly 
reduced compared to the allergic rhinitis group (Fig. 3E).

After applying CCR3mAb intervention to allergic rhinitis mice, there was a suppression effect on inflam-
mation of the nasal mucosa of allergic rhinitis mice. This not only alleviated the infiltration of inflammatory 
cells but also allowed for a certain degree of recovery of swollen mucosa and disordered cilia. With increasing 

Figure 1.  Gradient concentration administration: (A) Sneezing count after nasal challenge in mice; (B) 
Scratching nose count after nasal challenge in mice.
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concentrations of CCR3mAb, the therapeutic effect became more pronounced, which is considered to be due to 
the fact that antibody concentration has not yet reached its maximum  effect21,22.

The results showed that in the allergic rhinitis group, the nasal mucosa structure was unclear, and there was a 
large number of inflammatory cells infiltrating the tissue. The mucosa and submucosa were significantly swollen, 
with a blurred boundary, and cilia were destroyed, disordered, and shed. Some epithelial cells were damaged 
and detached, showing significant signs of inflammation compared to the normal control group (Fig. 4A,B). In 
the CCR3mAb i.p. group, the overall structure of the nasal mucosa was still clear. The shedding of upper cilia 
was less severe than in the AR group. The boundary between the mucosa and submucosa could still be differ-
entiated, and the infiltration of inflammatory cells in the mucosa and submucosa was not significantly different 
from that in the allergic rhinitis group (Fig. 4C). However, when comparing the CCR3mAb i.p. group with the 
AR group, there was disordered arrangement of cilia and no significant difference in terms of inflammation 
infiltration (Fig. 4B,D).

After applying CCR3mAb intervention through intraperitoneal injection to allergic rhinitis mice, there was 
a suppression effect on inflammation of the nasal mucosa of allergic rhinitis mice. This not only alleviated the 
infiltration of inflammatory cells but also allowed for a certain degree of recovery of swollen mucosa and disor-
dered cilia. However, when comparing the CCR3mAb i.p. group with the allergic rhinitis group, there was no 
significant difference in this regard (Fig. 4D).

Number of eosinophils in nasal mucosa (HE X400)
For each mouse in each group, take 5 HE-stained sections at random from the nasal mucosa of each mouse under 
a microscope with a 400 × field of view. Calculate the average value. Count the number of eosinophils in the field 
of view, only take one side from top and bottom, and only one side from left and  right23.

After administering different concentrations of drugs, we found that except for the  CCR3mAb1 group, there 
was no significant statistical difference compared to the allergic rhinitis group. The  CCR3mAb2 and  CCR3mAb3 
groups had a downward trend and showed significant statistical differences compared to the allergic rhinitis 
group (Fig. 5A).

After administering different drug administration methods, we found that the CCR3mAb i.p. group had 
a downward trend and showed significant statistical differences compared to the allergic rhinitis group. The 
CCR3mAb i.n. group showed no significant statistical difference compared to the allergic rhinitis group (Fig. 5B).

Measurement of nasal mucosa thickness (HE X400)
The mouse nasal mucosa is divided into three layers: basal membrane cells, epithelial cell layer, and ciliary cells. 
In allergic rhinitis mice, the ciliary layer exhibits ciliary shedding, the epithelial cell layer thickens, the basal 
membrane cell layer shows disorganization, and the number of glands increases significantly. To quantify the 
allergic state, we are now counting the thickness data of the nasal mucosa to gain a more intuitive understanding 
of the allergic state. We scanned the HE-stained sections under an electron microscope, placing each slide at the 
400 × field of view in each group, and randomly selecting 5 measurement data for recording.

Figure 2.  Different modes of administration: (A) Sneezing count after nasal challenge in mice; (B) Scratching 
nose count after nasal challenge in mice.
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Allergic rhinitis group mice have thicker mucosal thickness than normal group mice, with no significant sta-
tistical difference between  CCR3mAb1 group and allergic rhinitis group.  CCR3mAb2 and  CCR3mAb3 groups have 
thicker mucosal thickness than allergic rhinitis group and show statistically significant differences (Fig. 6A).This 
indicates that intraperitoneal injection has therapeutic effects, while topical administration is ineffective (Fig. 6B).

Mouse lung tissue examination (HE X400)
HE staining was used to observe and compare the pathological morphological changes and inflammatory cell 
infiltration of the mucous membrane in each group of mice. The morphology of mouse mucosa tissue and inflam-
matory cell infiltration were observed under a high-power microscope (400 ×) field.

After administration with gradient concentrations, normal group (NC) had clear organization of lung tissue, 
filled alveoli, no obvious damage, and no significant inflammation cells infiltration in the interstitial spaces of 
the alveolar tissues, nor obvious congestion or abnormal changes (Fig. 7A). Allergic group (AR) showed normal 
alveolar tissue not visible, numerous inflammation cells infiltrating between alveoli, and marked congestion 
(Fig. 7B).  CCR3mAb1 group and  CCR3mAb2 group were compared with AR group, both showing significant 
inflammation but no obvious abnormalities (Fig. 7C,D).  CCR3mAb3 group showed significant inflammation 
compared with allergic AR group, alveolar tissue still visible but with marked inflammation and inflammation 
cells infiltrating in the interstitial spaces of alveoli, with congestion reduced. These results indicate that only 
 CCR3mAb3 group has protective effects on the lung tissue of allergic mice, while the other two treatment groups 
have no significant differences from the allergic group (Fig. 7E).

After different administration methods, normal group (NC) had clear organization of lung tissue, filled alveoli, 
no obvious damage, and no significant inflammation cells infiltration in the interstitial spaces of the alveolar 
tissues, nor obvious congestion or abnormal changes (Fig. 8A). Allergic group (AR) showed normal alveolar 
tissue not visible, numerous inflammation cells infiltrating between alveoli, and marked congestion (Fig. 8B). 
CCR3mAb i.p. group was compared with allergic AR group, both showing significant inflammation but no 
obvious abnormalities (Fig. 8C). CCR3mAb i.n. group was compared with AR group, both showing significant 
inflammation but no obvious abnormalities (Fig. 8D).

Figure 3.  Gradient concentration administration: HE staining results of nasal mucosa. (A) Normal control 
mice; (B) allergic rhinitis group mice; (C) mice injected with  CCR3mAb1; (D) mice injected with  CCR3mAb2; 
(E) mice injected with  CCR3mAb3.
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These results indicate that only CCR3mAb i.p. group has protective effects on the lung tissue of allergic mice, 
while CCR3mAb i.n. treatment group has no significant differences from the allergic group.

ELISA detection results of cytokine levels in the peripheral blood tissue of mice
After collecting peripheral blood, the samples were left at 4 °C for a day and then centrifuged at 3000 rpm for 
10 min. The supernatant was used to detect cytokines. According to the manufacturer’s instructions, an immune 
analysis kit was used to detect serum IFN-γ, IL-2, IL-4, IL-5, and IL-13 levels using enzyme-linked immunosorb-
ent assay (ELISA). IL-2 and IFN-γ are Th1 cell-related inflammatory cytokines, while IL-4, IL-5, and IL-13 are 

Figure 4.  Different modes of administration: HE staining results of nasal mucosa. (A) Mice in the normal 
control group; (B) Mice in the allergic rhinitis group; (C) Mice injected with CCR3mAb intraperitoneally; (D) 
Mice administered with CCR3mAb intranasal administration

Figure 5.  (A) Gradient concentration administration: number of eosinophils under 400-fold magnification by 
HE staining. (B) Different drug administration methods: HE staining at 400 × magnification for the number of 
eosinophils.
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Th2 cell cytokines. These two types of indicators can also reflect the severity of inflammation. In this experiment, 
ELISA was also used to detect cytokines in mice’s peripheral blood.

In the gradient concentration experiment, the results showed that the expression levels of Th1 cell cytokines 
(IL-2 and IFN-γ) in allergic rhinitis group were significantly lower than those in the blank control group and 
the  CCR3mAb23 intraperitoneal injection group, with statistical significance. There was no significant difference 
compared to the  CCR3mAb1 intraperitoneal injection group. For Th2 cell cytokines (IL-4, IL-5, and IL-13), except 
for no significant difference compared to the  CCR3mAb1 group, they showed a downward trend compared to 
the normal group and the  CCR3mAb2,3 group.

Compared to allergic rhinitis mice,  CCR3mAb1 group had no significant differences in Th1 and Th2 cytokines. 
Considering previous data, this may be due to insufficient drug concentration leading to insufficient therapeu-
tic effect. Compared to allergic rhinitis mice,  CCR3mAb2 and  CCR3mAb3 groups had increased trends in Th1 
cytokines (IL-2 and IFN-γ), with statistical significance; and decreased trends in Th2 cytokines (IL-4, IL-5, and 
IL-13) (Fig. 9).

After different administrations, CCR3mAb i.p. group had increased trends in Th1 cytokines (IFN-γ and IL-2) 
compared to allergic rhinitis mice, with statistical significance; and decreased trends in Th2 cytokines (IL-4, 
IL-5, and IL-13). However, CCR3mAb i.n. group had no significant difference in Th1 cytokines and showed a 
downward trend in Th2 cytokines compared to allergic rhinitis mice. In addition, based on these results, it is 
possible to roughly see the CCR3mAb intraperitoneal injection group. This proves that the use of CCR3mAb 
has a significant inhibitory effect on the release of inflammatory mediators such as IL-2 and IFN-γ byTh2 cells 
in allergic mice (Fig. 10).

All results demonstrate that the use of CCR3mAb has a significant relieving effect on respiratory allergy in 
mice. The mechanism is that CCR3mAb binds to the Fc domain of CCR3 expressed on the surface of mast cells, 
eosinophils, and other cells via its crystallizable region (Fc), thus blocking the Eotaxin/CCR3 pathway. Subse-
quently, it inhibits a series of activities downstream of mast cells and eosinophils (differentiation maturation, 
chemotaxis recruitment, cytokine and inflammatory mediator release and degranulation), thereby achieving the 
goal of relieving respiratory allergy.

Changes in the net body weight increase of experimental mice
In our study, the net weight gain of experimental mice in the normal control group was significantly greater than 
that in the allergic rhinitis group and the treatment groups 1 and 2, with no significant difference (P < 0.05), and 
there was a statistical difference compared with the treatment group 3 (Fig. 11A)23. Our results demonstrate that 
allergic rhinitis can slow down the growth and development of the whole body, and the use of CCR3 monoclo-
nal antibodies can improve this condition of delayed growth and development, and the therapeutic antibody 
concentration is sufficient to have a significant therapeutic effect when it is effective.

Compared with the allergic group, there was no significant difference in the weight net increase between the 
CCR3mAb i.p. group and the CCR3mAb nd group (Fig. 11B).

Figure 6.  (A) Gradient concentration administration: number of eosinophils under HE staining at 
400 × magnification. (B) Different administration methods: HE staining at 400 × magnification for thickness of 
mucosa.



7

Vol.:(0123456789)

Scientific Reports |         (2024) 14:1059  | https://doi.org/10.1038/s41598-024-51679-3

www.nature.com/scientificreports/

Discussion
This study aimed to investigate the therapeutic effects of CCR3 monoclonal antibodies on allergic rhinitis in 
mice. Current research has found high expression of Eotaxin and RANTES in the nasal mucosa and lung tis-
sue of AR models, which is associated with the abundant infiltration of eosinophils (EOS) in AR models. This 
indicates a significant consistency between the upper and lower respiratory tract inflammation response. Based 
on the theory of "one airway, one disease", using CCR3 monoclonal antibodies for allergic rhinitis should also 
have similar effects. Therefore, this experiment used CCR3 antibodies to inhibit the actions of CCR3 and treat 
allergic rhinitis in mice. The study examined the changes in behavior, pathology (nasal mucosa and lung tissue), 
and peripheral blood cytokine levels in the model  mice24–27.

The CCR3 mAb was administered intraperitoneally (i.p.) through the use of an animal model. The clinical 
manifestations (scratching the nose, sneezing, head breathing, rapid breathing, wheezing, abdominal contrac-
tions, restlessness), treatment group 2 and 3 showed significant improvement compared to the control group 
(AR). HE staining revealed that the inflammatory infiltration in the nasal mucosa of the treatment groups was 
also significantly improved compared to the AR group, and the histological features of the nasal mucosa were 
significantly improved. In the lung tissue, only treatment group 3 showed a slight allergic protective effect. This 
requires further investigation into whether the antibody treatment has a protective effect on lung allergies or if it 
is a coincidental phenomenon. However, the ELIAS assay showed that the concentration of various cytokines and 
inflammatory mediators (IFN-γ, IL-2, IL-4, IL-5, IL-13) in the peripheral blood was improved compared to the 
AR group. Treatment group 2 and 3 showed a significant increase in TH1 cell factors and a decrease in TH2 cell 
factors compared to the allergen group (P < 0.05). However, there was no significant trend in body weight gain. 
Overall, the behavioral, pathological and severity analyses of inflammation showed that the order of severity of 
the condition was: AR >  CCR3mAb1 >  CCR3mAb2 >  CCR3mAb3 > Normal.

It was observed that CCR3 mAb i.p. had more prominent therapeutic effects than nasal administration. How-
ever, there was no significant therapeutic effect in treatment group 1, possibly due to insufficient absorption of 
CCR3 mAb by mice, reduced concentration unable to exert therapeutic effects, or eventually being absorbed into 

Figure 7.  Gradient concentration administration: HE staining results of mouse nasal mucosa. (A) Normal 
control group mice; (B) Allergic rhinitis group mice; (C)  CCR3mAb1 injection group mice; (D)  CCR3mAb2 
injection group mice; (E)  CCR3mAb3 injection group mice.
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the bloodstream by the abdomen after i.p. administration, thus exerting inhibitory actions against CCR3. In this 
study, CCR3 mAb was used to treat allergic rhinitis. Based on these data, it was initially discovered that CCR3 
mAb can control the clinical symptoms of allergic rhinitis and can affect the pathogenesis of AR by inhibiting 
inflammatory factors.

In terms of dosing comparison experiments, it was observed that CCR3 mAb i.p. had more significant effects 
than nasal administration in terms of behavior, pathology, and detection of cytokines. There are two possible 
reasons: firstly, some antibodies are eliminated by cilia clearance after intranasal administration; secondly, the 
absorption of antibodies via the nasal mucosa and respiratory tract is not sufficient. In addition, the stability of the 
therapeutic effects of this antibody used for treatment was not stable enough in this experiment, which may also 
contribute to the difference in therapeutic effects. This study only made a preliminary and meaningful exploration 
in animal experiments. The role and mechanism of CCR3 mAb in allergic rhinitis need further in-depth research.

Based on previous research in this field, the Eotaxin-CCR3 axis is an important pathway. Under inflammatory 
conditions, EOS differentiates and matures through Eotaxin-CCR3 recruitment to the inflammatory site. There-
fore, CCR3 may be a target gene for the study of respiratory allergic diseases. Monoclonal antibodies (mAb) are 
one of the most important types of biological agents after vaccines and recombinant proteins, which have been 
successfully applied to the treatment of autoimmune diseases, tumors, and allergic diseases. All results demon-
strate that the use of CCR3mAb has a significant relieving effect on respiratory allergy in mice. The mechanism 
is that CCR3mAb binds to the Fc domain of CCR3 expressed on the surface of mast cells, eosinophils, and other 
cells via its crystallizable region (Fc), thus blocking the Eotaxin/CCR3 pathway.Subsequently, it inhibits a series 
of activities downstream of mast cells and eosinophils (differentiation maturation, chemotaxis recruitment, 
cytokine and inflammatory mediator release and degranulation), thereby achieving the goal of relieving respira-
tory allergy.Using CCR3 mAb can block the CCR3-Eotaxin axis to relieve allergic-related diseases. Moreover, 
CCR3 is the only receptor for Eotaxin on EOS surface, so anti-CCR3 mAb have strong specificity and high 
potency against  eosinophils28,29.

In conclusion, using monoclonal antibodies to target inflammatory cells can suppress the development of 
inflammatory cells during inflammation processes. This experiment has far-reaching significance for future 
development of monoclonal antibody drugs and treatment of allergic diseases.

Materials and methods
Animals
The experimental animals were 6–8 weeks old Female BALB/c healthy mice, with a body weight of 25–35 g, 
purchased from the Department of Animal Science, Nanchang University Medical College, Nanchang, Jiangxi 
Province. All animals were housed in the standard animal room of Nanchang University Laboratory and main-
tained at a constant temperature of 20℃ with standard mouse feed and high-temperature sterilized drinking 
water. All procedures were approved by the Welfare Ethics Committee of Nanchang University. All experiments 
were performed by relevant named guidelines, regulations, and the ARRIVE guidelines.

Figure 8.  HE staining results of different administration methods on mouse nasal mucosa: (A) normal control 
group mouse; (B) allergic rhinitis group mouse; (C) CCR3mAb i.p. intraperitoneal injection group mouse; (D) 
CCR3mAb i.n. intranasal administration group mouse.
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Experimental method
Experiment one: concentration experiment
Balb/c mice were divided into five groups: (i) Normal mice group (Normal), (ii) Allergic rhinitis group (AR), 
(iii) Intraperitoneal injection of CCR3 monoclonal antibody  CCR3mAb1 (5 mg/kg), (iv) Intraperitoneal injec-
tion of CCR3 monoclonal antibody  CCR3mAb2 (10 mg/kg), (v) Intraperitoneal injection of CCR3 monoclonal 
antibody  CCR3mAb3 (20 mg/kg), 5 white mice in each group, total 25 mice.

Establishment of allergic rhinitis animal model. Female BALB/c mice aged 6–8 weeks were intraperitoneally 
injected with 200 ul (100 ug OVA and 4 mg AL(OH)3) on days 1, 8, and 15 to establish a basic allergy model. 
On days 20–26, the challenge solution containing 20 ul (600 ug OVA) was dripped into each nostril twice a day 
to establish an allergic rhinitis mouse  model30,31. Mice were anesthetized with isoflurane (1–5%) for induction 
and maintenance of anesthesia for 24 h after the last stimulation. The mice were subsequently executed and the 
material was taken.

CCR3 mAb interference. On days 24–26 (interval of 1 day, twice a day), mice in groups III, IV, and V were 
intraperitoneally injected with 5, 10, and 20 mg/kg mouse anti-mouse CCR3 monoclonal antibody dissolved in 

Figure 9.  Gradient concentration administration: ELISA detection results of cytokine levels in the peripheral 
blood tissue of mice. *Indicates a significant difference compared with AR (P˂0.05); **Indicates a significant 
difference compared with AR (P˂0.01); ***Indicates a significant difference compared with AR (P˂0.001); 
****Indicates a significant difference compared with AR (P˂0.0001).
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PBS solution twice a day (left and right injected separately). The interference was carried out 30 min before the 
challenge.

Experiment two: dosage form experiment
Experimental method. Balb/c mice were divided into four groups: (i) Normal mice group (Normal), (ii) Aller-
gic rhinitis group (AR), (iii) Intraperitoneal injection of CCR3 monoclonal antibody CCR3mAb2 (10 mg/kg), 
(iv) Nasal drip of CCR3 monoclonal antibody CCR3mAb3 (20 mg/kg), 5 white mice in each group, total 20 mice.

Establishment of an animal model of allergic rhinitis. The 6–8 weeks male BALB/c mice were used on day 1, 
8 and 15 days by intraperitoneal injection of sensitizing solution 200 ul (100 ugOVA and 4 mg AL(0H)3), once 
a day, basic sensitization was performed, and on the 20th–26th day, 20 ul (600 ugOVA) of excitation solution, 
10ul/side nasal drip excitation was performed twice a day, to construct the mouse model of allergic rhinitis. Mice 
were anesthetized with isoflurane (1–5%) for induction and maintenance of anesthesia for 24 h after the last 
stimulation. The mice were subsequently executed and the material was taken.

Figure 10.  Different modes of administration: ELISA detection results of cytokine levels in the peripheral 
blood tissue of mice. *Indicates a significant difference compared with AR (P˂0.05); **Indicates a significant 
difference compared with AR (P˂0.01); ***Indicates a significant difference compared with AR (P˂0.001); 
****Indicates a significant difference compared with AR (P˂0.0001).
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CCR3 mAb interference. CCR3 mAb was interfered on days 24–26 (1 day interval, 2 times/day) as follows:

1) Intraperitoneal injection: Group (iii) mice were given 10 mg/kg murine anti-mouse CCR3 mAb dissolved 
in PBS solution for intraperitoneal injection twice a day (left and right injections), and the interference was 
carried out 30 min before excitation.

2) Nasal drip: Group (iv) mice were given 20 mg/kg mouse anti-mouse CCR3 mAb dissolved in PBS solution 
for nasal drip interference twice a day at an interval of not less than 8 h.

Quantitative analysis of eosinophils in nasal mucosa
After removing the nasal mucosa from mice, it was stained with HE and scanned under a microscope. The 
number of eosinophils was counted in at least 5 randomly selected areas under the X400 lens on each slide.

Measurement of nasal mucosal thickness
Mice were anesthetized and their nasal mucosa was marked and stored in a − 80 °C freezer for later use. After 
retrieving the nasal mucosa, it was stained with HE and scanned under a microscope. The thickness of the nasal 
mucosa was measured in at least 5 randomly selected areas under the X400 lens on each slide.

Levels of IFN‑γ, IL‑2, IL‑4, IL‑5, and IL‑13 in peripheral blood
After mouse death, peripheral blood was collected and incubated at 4 °C for 1 day before centrifuging at 3000 rpm 
for 10 min. The upper serum was used for cytokine detection. Cytokine levels of IFN-γ, IL-2, IL-4, IL-5, and 
IL-13 in the serum were detected using an immune analytical kit according to the manufacturer’s instructions, 
by enzyme-linked immunosorbent assay (ELISA).

Net body weight gain
Weight changes in mice are difficult to quantify, so the difference in body weight gain was measured. Mice were 
weighed and the net body weight gain between days 0 and day 27 before being killed was recorded as the result.

Data analysis
Statistical software (Graph Pad Prism, San Diego, CA, USA) was used to perform t-test and Mann–Whitney 
test on the results from different groups. P-values < 0.05 were considered statistically significant. All results are 
represented as mean ± standard error of the mean (SEM).

Data availability
All data generated or analyzed during this study are included in this article (and its Supplementary Information 
files).

Figure 11.  (A) Gradient concentration administration: Net body weight increase in mice. 11 (B) Different 
modes of administration: Net body weight gain.



12

Vol:.(1234567890)

Scientific Reports |         (2024) 14:1059  | https://doi.org/10.1038/s41598-024-51679-3

www.nature.com/scientificreports/

Received: 15 September 2023; Accepted: 8 January 2024

References
 1. Zhou, M. et al. The expression and significance of eotaxin gene in nasal mucosa and CCR3 in bone marrow in model of allergic 

rhinitis. Lin Chuang Er Bi Yan Hou Ke Za Zhi 20(5), 227–230 (2006).
 2. Zhang, Y. et al. CCR3 gene knockout inhibits proliferation, differentiation, and migration of eosinophils in allergic rhinitis model 

mice. Mol. Immunol. 162, 1–10 (2023).
 3. Yuan, J. et al. Gene knockdown of CCR3 reduces eosinophilic inflammation and the Th2 immune response by inhibiting the PI3K/

AKT pathway in allergic rhinitis mice. Sci. Rep. 12(1), 5411 (2022).
 4. Wu, S. et al. Effects of lentivirus-mediated CCR3 RNA interference on the function of mast cells of allergic rhinitis in mice. Int. 

Immunopharmacol. 78, 106011 (2020).
 5. Zhao, L. et al. Risk factors for asthma in patients with allergic rhinitis in eastern China. Am. J. Otolaryngol. 43(3), 103426 (2022).
 6. Wang, J. et al. Asthma and allergic rhinitis among young parents in China in relation to outdoor air pollution, climate and home 

environment. Sci. Total Environ. 751, 141734 (2021).
 7. Jutel, M. et al. Real-world evidence of subcutaneous allergoid immunotherapy in house dust mite-induced allergic rhinitis and 

asthma. Allergy 75(8), 2050–2058 (2020).
 8. Dogru, M. Investigation of asthma comorbidity in children with different severities of allergic rhinitis. Am. J. Rhinol. Allergy 30(3), 

186–189 (2016).
 9. Campo, P. et al. Bronchial asthma triggered by house dust mites in patients with local allergic rhinitis. Allergy 74(8), 1502–1510 

(2019).
 10. Catley, M. C. et al. Monoclonal antibodies for the treatment of asthma. Pharmacol. Ther. 132(3), 333–351 (2011).
 11. Mor, A. et al. Blockade of CCL24 with a monoclonal antibody ameliorates experimental dermal and pulmonary fibrosis. Ann. 

Rheum. Dis. 78(9), 1260–1268 (2019).
 12. Shen, H. H. et al. CCR3 monoclonal antibody inhibits airway eosinophilic inflammation and mucus overproduction in a mouse 

model of asthma. Acta Pharmacol. Sin. 27(12), 1594–1599 (2006).
 13. Song, D. J. et al. CCR3 monoclonal antibody inhibits eosinophilic inflammation and mucosal injury in a mouse model of eosino-

philic gastroenteritis. Allergy Asthma Immunol. 9(4), 360–367 (2017).
 14. Puxeddu, I. et al. The CC chemokine eotaxin/CCL11 has a selective profibrogenic effect on human lung fibroblasts. J. Allergy Clin. 

Immunol. 117(1), 103–110 (2006).
 15. Huaux, F. et al. Role of Eotaxin-1 (CCL11) and CC chemokine receptor 3 (CCR3) in bleomycin-induced lung injury and fibrosis. 

Am. J. Pathol. 167(6), 1485–1496 (2005).
 16. Das, A. M. et al. Selective inhibition of eosinophil influx into the lung by small molecule CC chemokine receptor 3 antagonists in 

mouse models of allergic inflammation. J. Pharmacol. Exp. Ther. 318(1), 411–417 (2006).
 17. Zlotnik, A., Yoshie, O. & Nomiyama, H. The chemokine and chemokine receptor superfamilies and their molecular evolution. 

Genome Biol. 7(12), 243 (2006).
 18. Li, D. et al. Value of allergen nasal provocation test in assessment of the efficacy of house dust mites specific immunotherapy. Lin 

Chung Er Bi Yan Hou Tou Jing Wai Ke Za Zhi 37(6), 428–433, 441 (2023).
 19. Devillier, P., Brüning, H. & Bergmann, K. C. Determination of the minimally important difference in a nasal symptom score in 

house dust mite allergy. Allergy 74(11), 2191–2198 (2019).
 20. Cakir Cetin, A. et al. Therapeutic effects of melatonin on an ovalbumin-induced allergic rhinitis model in rats. Auris Nasus Larynx 

48(6), 1109–1119 (2021).
 21. Huang, H. et al. Mechanism of TCONS_00147848 regulating apoptosis of nasal mucosa cells and alleviating allergic rhinitis through 

FOSL2-mediated JAK/STAT3 signaling pathway. Sci. Rep. 11(1), 15991 (2021).
 22. Zhang, W. et al. Ameliorative effect of selective NLRP3 inflammasome inhibitor MCC950 in an ovalbumin-induced allergic rhinitis 

murine model. Int. Immunopharmacol. 83, 106394 (2020).
 23. Harugop, A. S. et al. Correlation between allergic rhinitis and body mass index: An observational study. Indian J. Otolaryngol. 

74(Suppl 2), 1033–1036 (2022).
 24. Lin, Y. et al. Adverse events for monoclonal antibodies in patients with allergic rhinitis: A systematic review and meta-analysis of 

randomized clinical trials. J. Clin. Med. 12(8), 2848 (2023).
 25. Ramos, L. C. & Namazy, J. Monoclonal antibodies (biologics) for allergic rhinitis, asthma, and atopic dermatitis during pregnancy 

and lactation. Immunol. Allergy Clin. 43(1), 187–197 (2023).
 26. Guzmán-Avilán, R. I. et al. Staph’s toxins IgE antibodies and its relation to the severity of allergic rhinitis. J. Asthma Allergy 15, 

665–671 (2022).
 27. Ding, S. et al. Expression and mechanism of mast cell activating molecules and their antibodies in allergic rhinitis and nasal polyps. 

Lin Chung Er Bi Yan Hou Tou Jing Wai Ke Za Zhi 33(10), 975–978 (2019).
 28. Villamor, N., Montserrat, E. & Colomer, D. Mechanism of action and resistance to monoclonal antibody therapy. Semin. Oncol. 

30(4), 424–433 (2003).
 29. Emmerling, P., Finger, H. & Müller, M. Studies on the mechanism and duration of antibody-mediated immunosuppression (author’s 

transl). Z. Immunitatsforsch Immunobiol. 152(1), 27–41 (1976).
 30. Akdis, C. A. Does the epithelial barrier hypothesis explain the increase in allergy, autoimmunity and other chronic conditions?. 

Nat. Rev. Immunol. 21(11), 739–751 (2021).
 31. Wu, L. C. & Zarrin, A. A. The production and regulation of IgE by the immune system. Nat. Rev. Immunol. 14(4), 247–259 (2014).

Acknowledgements
This work was supported by National Natural Science Foundation of China (NO: 82060186); Jiangxi Provincial 
Natural Science Foundation of China (NO: 20202BABL206064); Jiangxi Province Clinical Medicine Research 
Project(20223BCG74004)

Author contributions
Y.W.B. and Z.K.W. conceived of and drafed the study. J.W., Y.l.J., Y.Z. and Y.Z. conducted the experiments. Y.D., 
Z.L. and W.Q.L. collected and analysed data. M.Y.W., W.M.L. and Y.T.X. directed and supervised the project. All 
of the authors have read and approved the final manuscript.

Competing interests 
The authors declare no competing interests.



13

Vol.:(0123456789)

Scientific Reports |         (2024) 14:1059  | https://doi.org/10.1038/s41598-024-51679-3

www.nature.com/scientificreports/

Additional information
Correspondence and requests for materials should be addressed to X.Z.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access  This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the 
Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from 
the copyright holder. To view a copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

© The Author(s) 2024

www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	The study of the role of purified anti-mouse CD193 (CCR3) antibody in allergic rhinitis mouse animal models
	Results
	Statistical analysis of behavioral physiology in each group of mice
	Detection of mouse nasal mucosa (HE X400)
	Number of eosinophils in nasal mucosa (HE X400)
	Measurement of nasal mucosa thickness (HE X400)
	Mouse lung tissue examination (HE X400)
	ELISA detection results of cytokine levels in the peripheral blood tissue of mice
	Changes in the net body weight increase of experimental mice

	Discussion
	Materials and methods
	Animals
	Experimental method
	Experiment one: concentration experiment
	Establishment of allergic rhinitis animal model. 
	CCR3 mAb interference. 

	Experiment two: dosage form experiment
	Experimental method. 
	Establishment of an animal model of allergic rhinitis. 
	CCR3 mAb interference. 


	Quantitative analysis of eosinophils in nasal mucosa
	Measurement of nasal mucosal thickness
	Levels of IFN-γ, IL-2, IL-4, IL-5, and IL-13 in peripheral blood
	Net body weight gain
	Data analysis

	References
	Acknowledgements


