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Purpose: Eosinophils have pivotal roles in the development of allergic rhinitis (AR) through the release of cytotoxic substances. 
Apolipoprotein A-I (Apo-AI) exhibits a strong inhibitory effect on eosinophil infiltration in allergic diseases. Nevertheless, the precise 
impact of Apolipoprotein A-I on eosinophils remains uncertain.
Methods: Our study recruited a total of 15 AR children and 15 controls. The correlation between Apo-AI expression and the counts of 
blood eosinophils was examined. Flow cytometry was employed to assess the role of Apo-AI in eosinophil apoptosis and adhesion. 
The Transwell system was performed to conduct the migration assay. An animal model using AR mice was established to test the 
effect of Apo-AI on eosinophils.
Results: Serum Apo-AI were negatively related to eosinophils counts and eosinophil chemotactic protein levels in AR. Apo-AI exerts 
a pro-apoptotic effect while also impeding the processes of adhesion, migration, and activation of eosinophils. The apoptosis triggered 
by Apo-AI was facilitated through the phosphoinositide 3-kinase (PI3K) pathway. The chemotaxis and activation of eosinophils, which 
are influenced by Apolipoprotein A-I, are regulated through the PI3K and MAPK signaling pathways. Apo-AI treated mice presented 
with decreased blood and nasal eosinophilic inflammation as well as down-regulated eosinophil related cytokines.
Conclusion: Our findings provide confirmation that Apo-AI exhibits inhibitory effects on the function of eosinophils in allergic 
rhinitis. This suggests that Apo-AI holds potential as a therapeutic target for future treatment strategies.
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Introduction
Allergic rhinitis (AR) is a worldwide prevalent condition, with a prevalence rate exceeding 10% of the population.1 Eosinophils 
are known to have significant involvement in the pathophysiological mechanisms of AR through the secretion of T helper 2 (Th2) 
cytokines, which in turn produce type 2 inflammation.2 Besides, various toxic substance can be released by eosinophils, such as 
major basic proteins, etc. These proteins have the ability to promote tissue damage and amplify allergic inflammation.3 Eotaxins, 
secreted by epithelium after Th2 cytokines stimulation, recruit and activate eosinophils.4

Apolipoprotein A-I (Apo-AI), a prominent constituent of high-density lipoproteins, contributes to pathogenesis of 
atherosclerosis in coronary heart disease.5 Moreover, Apo-AI has anti-inflammatory effects by inhibiting dendritic cell 
maturation, suppress T cell activation, reducing cytokine production by macrophage.6–8 It is reported that Apo-AI 
protects the lung by decreasing eosinophil counts in the OVA-sensitized mice after 4F treatments.9 Genetic removal of 
Apo-AI can enhance pulmonary inflammation and airway hyperresponsiveness.10 However, the direct role of Apo-AI in 
eosinophilic inflammation was not fully understood. The primary aims of our research were to explore the effect of Apo- 
AI on the function of eosinophils using both in vitro and in vivo experimentation.
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Methods and Methods
Patients
A total of 15 patients with persistent AR as defined by ARIA criteria and 15 healthy subjects were enrolled from our center.11 All 
AR patients fulfilled the following criteria: at least 2 years’ disease history, positive skin prick test or specific IgE values to at least 
one type of common aeroallergens. All healthy subjects have no nasal diseases and positive results to common aeroallergens. All 
participants included in the study did not have a history of asthma (excluded by spirometric measurements), recent respiratory 
system infection, or usage of anti-allergic medications, systemic or topical corticosteroids in one month before visits.

Eosinophil Culture
Peripheral blood (20 mL, 1×108/mL) was collected into sterile vacutainers. Subsequently, 50 mL of PBS was added to the 
whole blood and carefully mixed. After the blood was spread out on Ficoll-Paque (GE Healthcare, Finland), it was centrifuged 
for 30 minutes at room temperature at 400 × g force. After removing the supernatant, the bottom layer, which contained the 
erythrocyte and granulocyte fraction of the cells, was collected. The next step was lysis of erythrocytes at a low pH. Half of the 
amount of sterile water was added to the tubes containing cells, and they were gently mixed for a maximum of 10 seconds. 
Afterward, the mixture was supplemented with PBS, and it was centrifuged for 10 minutes at 300 × g.

Eosinophils were isolated from peripheral blood by magnetic eosinophil isolation Kit (Miltenyi Biotec, USA). 
Following the lysis of erythrocytes, eosinophils (1×106/mL) were resuspended in RPMI 1640 media. Giemsa and trypan 
blue staining were used to confirm the purity and viability of eosinophils (98–100%).

Functional Assay of Eosinophils
Eosinophils were subjected to incubation with fluorescein isothiocyanate-labeled annexin V and propidium iodide for the 
purpose of staining (Sigma-Aldrich, USA). The stained eosinophils were then analyzed using flow cytometry (BD, USA). 
The presence of apoptotic cells was verified by determining the ratio of total cells that presented a positive fluorescence 
signal for FITC and a negative signal for PI.

For adhesion assay, eosinophils were stained by FITC-conjugated cluster of differentiation (CD18), intercellular cell 
adhesion molecule (ICAM-1), ICAM-3 or IgG1 isotype (eBioscience, USA). The staining process was carried out for 30 
minutes at 4°C in dark environment. The confirmation of staining was performed using flow cytometry.

For migration assay, a concentration of eosinophils at 105/mL was introduced into the top chamber of the Transwell system. 
Apo-AI (R&D systems, 1 and 100 μg/mL) or eotaxin (positive control, 10 ng/mL) was subsequently added to the bottom chamber. 
After a duration of 30 minutes, the cells that had migrated into the bottom chamber were quantified by counting them in 20 fields 
using optical microscopy. The ECP release from eosinophils were examined by ELISA kits (Cusabio, China). The MAPK 
inhibitor (LY294002, 100 μg/mL) and PI3K inhibitor (SB203580, 100 μg/mL) were purchased from R&D systems.

Animal Models
Four-week-old male C57BL6/J mice of wild-type phenotype were acquired and provided with a regular diet. The mice 
were sensitized by 20 μg ovalbumin (OVA) (Sigma-Aldrich) and 2 mg Al(OH)3 in 0.2mL PBS through intraperitoneal 
injection on day 1, 8 and 14. From day 14 to 18, the mice were subjected to a daily administration of OVA (40mg/mL) or 
PBS (control group) through intranasal instillation. After the last provocation, the mice were anaesthetized and sacrificed. 
The nasal symptoms were recorded for 15-minutes. The 100 μg of recombinant mouse Apo-AI or anti-ABCA1 in 40 mL 
of PBS was given intranasally 2 hours before each OVA challenge in some groups. Nasal tissues slice (4- to 5-μm) were 
stained by haematoxylin–eosin (HE) to evaluated the general morphology.

Animals were fed in the SPF animal room. All animal studies were approved by the Animal Ethics Committee of Guangzhou 
Women and Children’s Medical Center and conducted according to the guidelines of the Animal Care and Use local Committee.

Rt-Pcr
To isolate total RNA, nasal turbinate tissues were chopped into 1-mm pieces. The mirVana kit (Ambion) was used for 
total RNA isolation. The cDNA Reverse Transcription kit (Applied Biosystems, USA) was applied to reverse 
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transcribe the RNA after it had been treated with 10 U of DNase I per 20 μg of RNA. The reactions were heated to 
95°C for 10 minutes. Thereafter, there were 40 cycles of denaturation (10 s at 95°C) and annealing extension (60 s at 
60°C). The specific mRNA relative expression was normalized to the expression of housekeeping gene. The primers 
were listed as follows: IL-5, sense, 5-TGCTTCTGCATTTGAGTTTG-3, 5-CAGCCTATTCATGGGACTTTG-3;CCL11, 
sense, 5-CCTAGGGCCTTGGTTTTCTT-3, antisense, 5-GAAGGGATTCCTGATTGCTG-3; CCL24, 
sense,5-ACATCATCCCTACGGGCTCT-3, antisense 5-TGTACCTCTGGACAGCCACA-3; GAPDH, sense, 
5-GCTGCCCAGAACATCATCC-3, antisense 5-GTCAGATCCACGACGGACAC-3.

Ethics Approval and Consent to Participate
Ethical approval has been obtained from Ethics Committee of Guangzhou Women and Children’s Medical Center, in accordance 
with the Helsinki Declaration protocol (Research study number NO. [2020] 26901) to ensure that the research is conducted 
ethically and in compliance with internationally recognized standards. Informed consent was obtained from children’s legal 
guardians.

Statistical Analysis
The data were analyzed by GraphPad Prism 8.0 software. Two-way ANOVA and Bonferroni’s test were done to compare 
difference among multiple groups. A Spearman rank correlation analysis was done to evaluate the associations among 
different factors. A significance level of less than 0.05 was defined as statistically significant.

Results
Serum Apo-AI Levels and Its Relation with Blood Eosinophils in AR Subjects
Table 1 displays the demographic information of the subjects and controls in the study. Serum Apo-AI protein level was 
significantly lower in AR subjects when compared to controls (Figure 1A, 123.3±8.27 vs 155±9.7 mg/mL, P<0.001). The 

Table 1 Demographic Characteristic of Allergic Rhinitis Children and 
Controls

Groups Allergic Rhinitis Control

Number 15 15

Sex (Male: Female) 9:6 8:7

Age (months) 8.3 ±3.2 7.9± 2.6
Duration of symptoms, (years) 2.5 ± 1.3 –

Positive to aeroallergens

Dermatophagoïdes pteronyssinus 13 0
Dermatophagoïdes farina 9 0

Cockroach 3 0

Figure 1 The serum Apo-AI protein expression and its correlation with eosinophils in allergic rhinitis. (A) The serum Apo-AI protein expression between allergic rhinitis 
(AR) and healthy control (HC). (B) The correlation between Apo-AI protein expression and eosinophils counts. (C) The correlation between Apo-AI protein expression 
and eosinophil cationic protein (ECP). 
Abbreviation: Apo-AI, Apolipoprotein A-I.
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levels of the Apo-AI protein were negatively correlated with the number of eosinophils (r=−0.53, P<0.001) and ECP 
levels (r=−0.64, P<0.001) in AR subjects (Figure 1B and C).

The Regulation of Eosinophils by Apo-AI
The apoptosis of eosinophils was promoted significantly by Apo-AI as shown in Figure 2A. Anti-ABCA1 and MAPK 
inhibitor (LY294002) alleviated the apoptosis of eosinophils mediated by Apo-AI, suggesting the key role of Apo-AI 
receptors and MAPK pathway in the apoptosis of eosinophils (Figure 2A). Apo-AI inhibited the expression of CD-18, 
ICAM-1 and ICAM-3, while anti-ABCA1 alleviated these effects (Figure 2B–D). Moreover, Apo-AI inhibited the 
chemotaxis and activation of eosinophils in a dose-dependent manner, while anti-ABCA1 and MAPK and PI3K inhibitor 
alleviated these effects (Figure 2E and F).

Figure 2 The regulation of eosinophils by Apo-AI. (A) The eosinophils apoptosis regulated by Apo-AI and related proteins (GM-CSF, 10 ng/mL). (B–D) The mean 
fluorescence intensity (MFI) of CD18, ICAM-1, and ICAM-3 of eosinophils regulated by Apo-AI and related proteins. (E and F) The migration and activation of eosinophils in 
Transwell system under Apo-AI stimulation. *Compared with Medium groups, P<0.05. #Compared with GM-CSF group (A), P<0.05. #Compared with 100 μg/mL Apo-AI 
group (C–F), P<0.05. 
Abbreviations: Apo-AI, Apolipoprotein A-I; CD18, Cluster of Differentiation 18; ICAM-1, Intercellular adhesion molecule-1; ICAM-3, Intercellular adhesion molecule-3; 
GM-CSF, Granulocyte-Macrophage Colony Stimulating Factors; anti-ABCA1, anti ATP binding cassette transporter A1.
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The Role of Apo-AI in Allergic Mice Model
The numbers of nasal rubbing and sneezing, the OVA-specific IgE, the number of blood eosinophils in Apo-AI treated 
AR mice were significantly lower compared to AR mice, while anti-ABCA1 alleviated these effects (Figure 3A–D). HE 
staining demonstrated a statistically significant reduction of eosinophils and lymphocytes and less epithelial hyperplasia 
in AR mice treated with Apo-AI compared to AR mice, while anti-ABCA1 reversed these effects (Figure 4). Our results 
also showed that the mRNA expression of IL-5, CCL11 and CCL24 in nasal turbinate tissue decreased significantly in 
AR mice treated with Apo-AI compared to AR mice, while anti-ABCA1 reversed these effects (Figure 5).

Discussion
Apo-AI, the major constituent of HDL, possesses widely recognized antiatherogenic characteristics that are facilitated 
through the process of cholesterol efflux from cells.12 Recently, the anti-inflammatory properties have been discovered by 
various groups. Tani et al found a noteworthy inverse relationship between Apo-AI levels with neutrophil, monocyte, 
eosinophil and total leukocyte counts.13 Barochia’s study reported a negative correlation between eosinophil and Apo-AI 
in nonasthmatics.14 Consistently, our data also presented negative correlation between Apo-AI and eosinophils number 
and activation marker (ECP).

To prove the direct role of Apo-AI on eosinophil, we treated eosinophil with Apo-AI of different concentration. The 
MAPK pathway was involved in eosinophils apoptosis, while PI3K and MAPK was involved in eosinophils chemotaxis 

Figure 3 The effect of Apo-AI in AR mice model. (A and B) The nasal symptoms of Apo-AI treated mice. (C) The serum OVA-specific IgE levels in different groups. (D) The 
eosinophils count in different groups. *Compared with OVA+ Apo-AI groups, P<0.05. 
Abbreviations: Apo-AI, Apolipoprotein A-I; OVA, Ovalbumin; anti-ABCA1, anti ATP binding cassette transporter A1.
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and activation. Consistently, previous studies also reported that PI3K-Akt is correlated with the survival of eosinophils 
and MAPK is involved in chemotaxis and degranulation in eosinophils.15

In mice model, Apo-AI can inhibit the progression of asthma by suppressing eosinophil infiltration of lung via 
a reduction of IL-5.16 Apo-AI mimetic peptides can lower airway hyperresponsiveness (AHR), allergic inflammation, and 

Figure 4 Morphology of nasal turbinate of mice model. (A) PBS group. (B) OVA-challenged AR mice. (C) Apo- AI treated AR mice. (D)Apo-AI and anti-ABCA1 treated mice. 
Abbreviations: Apo-AI, Apolipoprotein A-I; OVA, Ovalbumin; anti-ABCA1, anti ATP binding cassette transporter A1; PBS, Phosphate buffer saline.

Figure 5 The mRNA expression of eosinophils related cytokines. (A) The expression of IL-5 mRNA by nasal turbinate tissue. (B) The expression of CCL11 mRNA by nasal 
turbinate tissue. (C) The expression of CCL24 mRNA by nasal turbinate tissue. *Compared with OVA+ Apo-AI groups, P<0.05. 
Abbreviations: Apo-AI, Apolipoprotein A-I; OVA, Ovalbumin; anti-ABCA1, anti ATP binding cassette transporter A1; PBS, Phosphate buffer saline; IL-5, Interleukin; 
CCL11, C-C motif chemokine ligand 11; CCL24, C-C motif chemokine ligand 24.
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mucous cell metaplasia in asthma models.17 The Apo-AI levels were also correlated with ECP levels during the early 
response. The numbers of BALF eosinophils, lymphocytes, and neutrophils were reduced significantly by Apo-AI 
mimetic peptide in mice model.18

Our data also showed Apo-AI decreased both blood and nasal eosinophils inflammation and activation in mice model. 
Despite the direct regulation of Apo-AI on eosinophils, our study also found that Apo-AI treated mice presented with down- 
regulated IL-5, CCL11 and CCL24. IL-5 is a well-known cytokine, which can stimulate eosinophil proliferation, differentia-
tion, and activation. CCL11 (eotaxin-1) and CCL24 (eotaxin-2) are key chemotactic factors for eosinophils. Although the 
detailed mechanism was not clear, the downregulation of the above cytokines may inhibit eosinophils indirectly.

Our findings provide confirmation that Apo-AI exhibits inhibitory effects on the function of eosinophils in allergic 
rhinitis. This suggests that Apo-AI holds potential as a therapeutic target for future treatment strategies.
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