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Effective omalizumab treatment influenced eosinophil function in
severe allergic asthmatics
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Background: Omalizumab is an effective anti-immunoglobulin E (IgE) treatment for allergic asthma.
Eosinophil plays a critical role in the pathogenesis of allergic airway inflammation. This study aimed to
explore the influence of effective omalizumab treatment on circulating eosinophils.

Methods: Allergic asthmatics enrolled in the study were treated with omalizumab for at least 16 weeks and
exhibited a good or excellent response according to the global evaluation of treatment effectiveness (GETE)
assessed by each patient and specialist physician. For eosinophil functional evaluation, peripheral blood
eosinophils were separated; and examined the expression of human leukocyte antigen (HLA)-DR and co-
stimulatory molecules cluster of differentiation (CD) 80, CD86 and CD40 by Flow Cytometry and serum
were to measure the concentration of eotaxin-1 before and after 16 weeks of omalizumab treatment.
Results: Totally 32 allergic asthma patients who responded positively to omalizumab treatment were
included. Omalizumab responders showed a significant decline in the expression of co-stimulatory molecules
CD40, CD80, and CD86 on peripheral eosinophils and in serum eotaxin-1 concentration after treatment.
Negative correlations (r=-0.61, P=0.048) were observed between the change in CD80" eosinophils and the
change in forced expiratory volume in the first second (FEV1)/forced vital capacity (FVC)% predicted and
maximal expiratory flow (MEF) 25% after omalizumab treatment. Omalizumab improved FEV1/FVC%
predicted (3.88, P=0.033), fractional exhaled nitric oxide (FeNO, -22.24, P=0.028), asthma control test
(ACT, 4.22, P<0.001), mini asthma quality of life questionnaire (mini-AQLQ, -14.44, P=0.019), Leicester
cough questionnaire (LCQ, 3.03, P=0.009) and visual analogue scale (VAS) for allergic symptoms (~13.00,
P=0.001) in patients with severe allergic asthma statistically; reduced mini rhino-conjunctivitis quality of life
questionnaire (mini-RQLQ), -8.50, P=0.047), and self-rating anxiety scale (SAS, -5.08, P=0.040) in allergic
asthmatics with concomitant allergic rhinitis (AR) or anxiety, respectively.

Conclusions: Our findings show a unique role of omalizumab in reducing co-stimulatory molecules
expression on eosinophil and serum eotaxin-1 levels in severe allergic asthmatics accompanied by

improvement of multiple clinical parameters of allergic diseases.
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Introduction

Approximately afflicting up to 300 million people
worldwide, asthma has been becoming a global health
problem (1). In China, one latest epidemiological study
revealed that the asthmatic population had reached
45 million and the prevalence of asthma was around
4.2% among Chinese adults aged 20 years or older (2).
Allergic asthma is the most well-studied asthma phenotype,
accounting for more than 50% of adult asthmatics (3).
Omalizumab, a recombinant highly-humanized
monoclonal anti-immunoglobulin E (IgE) antibody
preventing the crosslinking between IgE and the high
affinity IgE receptor FceRI, was the first licensed biologic
agent to treat allergic asthma (4). In addition, omalizumab
inhibits allergic inflammation through downregulating
the expression of FceRI on mast cells (5), basophils (6) and
dendritic cells (7), regulates immune responses through
restoring generation of regulatory T cells (Tregs) (8) and
reducing the number of membrane IgE" B cells (9). Many
large randomized clinical trials have proved the efficacy
of omalizumab in patients with allergic asthma (10-14).
In China, omalizumab was approved to treat severe
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Key findings

e Effective omalizumab treatment downregulated surface expression
of co-stimulatory molecules cluster of differentiation (CD) 40,
CD80, and CD86 on eosinophils from peripheral blood and the
concentration of serum eotaxin-1 in subjects with allergic asthma.

What is known and what is new

* Omalizumab is an effective anti-immunoglobulin E (IgE)
treatment for allergic asthma and with multiple complications
(allergic rhinitis, cough, anxiety). Eosinophil function including
antigen presenting ability plays a critical role in the pathogenesis

of allergic airway inflammation.

What is the implication, and what should change now

* The function of eosinophils as secondary antigen-presenting cells
(APCs) might have a subsidiary role in the mechanisms of anti-
IgE treatment for asthma, and omalizumab treatment improved
clinical manifestation in allergic asthma patients with multiple

complications.
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allergic asthma in 2017 and a nationwide, real-world
study conducted in severe allergic asthmatics treated with
omalizumab indicated that 91.5% of patients reported
response to omalizumab treatment after week 16 (15).

Eosinophils are pleiotropic cells that have the capability
to amplify immune response after allergen challenges
through the release of both already contained and newly
synthesized granular proteins, cytokines, lipid mediators,
and growth factors (16). In addition to the capacity to act as
effector cells in T helper 2 cell (Th2) response, eosinophils
have also been recognized as non-professional antigen-
presenting cells (APCs) to initiate Th2 immune response
in the early stage of allergic reactions (17). Multiple
kinds of research revealed that eosinophils could express
major histocompatibility complex (MHC) class Il and
costimulatory molecules cluster of differentiation (CD)
80 and CD86 (18,19). However, whether omalizumab
influences the function of eosinophils is not known yet.

In this study, we aimed to explore the influence of
omalizumab on eosinophil function in severe allergic
asthma. We present this article in accordance with the
STROBE reporting checklist (available at https://jtd.
amegroups.com/article/view/10.21037/jtd-22-1818/rc).

Methods
Study subjects

In this prospective clinical observational study, allergic
asthmatics were recruited from January 2020 to March
2022 at Ruijin Hospital (Figure I). The inclusion criteria
were as follows. Firstly, Asthma was diagnosed according
to the Global Initative for Asthma (GINA) (20). Secondly,
patients whose asthma was not well-controlled despite
step 4-5 treatment recommended by GINA (20). Thirdly,
allergic asthma was diagnosed, which was defined as
asthmatic patients had elevated total IgE levels (>60 kU/L,
ImmunoCap, Pharmacia Diagnostics AB, Uppsala, Sweden)
and asthma associated with sensitization to aeroallergens,
which leads to asthma symptoms and airway inflammation (3).
Lastly, patients were treated with omalizumab for at least
16 weeks. Omalizumab was administrated subcutaneously
at 2- or 4-week intervals. Bodyweight and total serum
IgE levels were considered to warrant omalizumab
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Severe allergic asthmatics with comorbidities treated with omalizumab
admitted to Ruijin Hospital, Shanghai (n=34)

Collecting data and samples at baseline and week 16

Response to omalizumab assessed by each patient and specialist
physician according to GETE at week 16

Responders:
e Excellent (n=4)
e Good (n=28)

Y

Compare changes at baseline and week 16 in:

¢ Clinical parameters

e Expression of HLA-DR and co-stimulatory
molecules on circulating eosinophils

e Serum eotaxin-1 levels

Non-responders:

* Moderate (n=2)
e Poor (n=0)

e Worsening (n=0)

!

Excluded

Figure 1 Flowchart of the study participant. GETE, global evaluation of treatment effectiveness; HLA, human leukocyte antigen.

administration of at least 0.016 mg/kg/IgE (IU/mL) every
4 weeks. Response to omalizumab was assessed by each
patient and specialist physician according to the specialist’s
global evaluation of treatment effectiveness (GETE) (21)
at week 16. Patients with a GETE rating of “excellent” or
“good” were regarded as responders, while those with a
GETE rating of “moderate”, “poor”, or “worsening” were
classified as non-responders. Patients with severe comorbid
diseases such as acute respiratory infection, bronchiectasis,
sarcoidosis, or lung cancer and a treatment course of
fewer than 16 weeks were excluded from the study. Each
participant signed an informed consent form before the
study. This study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013). The study
was approved by the Ethics Committee of Ruijin Hospital
(No. 2019-YKO061). Each participant signed an informed
consent form before the study.

Data and samples collection

The following demographic characteristics and clinical
parameters (Table 1), including blood eosinophil count
and ratio and spirometry tests, etc., were collected at

baseline and week 16. ACT and mini-AQLQ for asthma-
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related clinical characteristics, mini-RQLQ for allergic
rhinitis (AR)-related clinical characteristics, VAS for
allergic symptoms involving noses, eyes, airways and skin,
LCQ for cough and self-rating anxiety scale (SAS) for
anxiety were collected at baseline and week 16. For each
study participant, 10 mL of peripheral venous blood was
harvested at baseline and week 16. The serum was separated
by centrifugation and kept frozen at -80 °C for subsequent
assays.

Eosinophil expression of HLA-DR, CD40, CD80, and
CD&86

One mL ethylene diamine tetraacetic acid (EDTA)-treated
whole blood samples freshly collected at baseline and
week 16 were incubated with APC/Cy7 anti-human CD16
antibody (Clone: 3G8, BD sciences), APC anti-human
Siglec-8 antibody (Clone: 7C9, Biolegend), PE anti-human
CDA40 antibody (Clone: HB14, Biolegend), PE/Cyanine7
anti-human human leukocyte antigen (HLA)-DR antibody
(Clone: L243, Biolegend), Brilliant Violet 421 anti-human
CD80 antibody (Clone: L307.4, BD sciences), BB515 anti-
human CD86 antibody (Clone: FUN-1, BD sciences).for
20 minutes at room temperature in the dark, then red blood
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Table 1 Demographic and clinical characteristics of patients at
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cells were lysed using 1x Red Blood Cell Lysis buffer (BD

baseline sciences). After erythrocyte lysis, cells were washed, fixed
Characteristics Values with Fixation Buffer (Biolegend) and resuspended in Cyto-
Age (years) 51.66+16.91 last Buffer (Biolegend) until analysis. Flow cytometry was
Female 20 (62.5) performed to examine the expression of HLA-DR, CD40,
Height (m) 1.6420.09 CDSO,h;ulld CD86 on eosinophils. Eosinophils were ga.ted
Body weidht (K 63.96 (59.41. 6850 as SSC™, siglec-8', and CD16". Data were analyzed using
ody weight (ko) 96 (59.41, 68.50) Cytexpert (Beckman) and flowjo 10 software.
BMI (kg/m?) 23.713.40
Smoking history 4 (12.5) . . .
Measurement of serum eotaxin-1 concentrations in asthma
Family history of asthma 11 (34.4) .
patients
Pet ownership history 10 (31.3)

Age of asthma onset (years)

Duration of asthma (years)

32.97 (24.92, 41.02)
18.71 (12.34, 25.07)

Serum eotaxin-1 concentrations were quantitatively
measured by solid phase sandwich enzyme-linked
immunosorbent assay (ELISA) kits (R&D Systems, MN,

Exacerbations in preceding year, n 2213 USA) before and after 16 weeks of omalizumab therapy,
Comorbidities according to the manufacturer’s instructions.
Allergic rhinitis 26 (81.3)
Nasal polyp 6(18.8) Statistical analyses
Chronic urticaria 8 (25.0) o ) .
Normally distributed continuous variables were presented
Allergic dermatitis 14 (43.8) ..
as mean and standard deviations (SD), and non-normally
Allergic conjunctivitis 13(40.6) distributed variables were expressed as the median and
Blood eosinophil count (cells/pL) 412.61 (241.52, 583.90) interquartile range (IQR). Categorical variables were
Blood eosinophil ratio (%) 5.37+4.32 presented as count and percentage. Continuous effectiveness

Total serum IgE (kU/L)

1,048.25 (630.24, 1,466.25)

outcomes were analyzed using the paired Student’s 7-test
(change from post- to pre-treatment levels) or the Wilcoxon

FVC, % predicted 87.10+£16.75 . . .
signed-rank test. For correlation analysis, the Pearson
FEV1, % predicted 76.61+£22.96 . . .
correlation was applied. Analyses were performed using
FEVI/FVC, % predicted 86.18+15.96 SPSS version 26.0 statistical software or GraphPad Prism
MEF75% 55.53+33.34 9.3.0 (GraphPad Software, USA). A two-tailed P value less
MEF50% 47.49+31.93 than 0.05 was considered statistically significant.
MEF25% 46.60+30.00
MEF75/25 46.20 (33.52, 58.88) Results
FeNO (ppb) 50.81(35.49, 66.12) Demographic and clinical characteristics of patients at
ACT 17.56 (15.10, 20.01) baseline

ICS/LABA grouped by dose

Totally 32 allergic asthma patients who responded positively

High dose 16(50.0) to omalizumab treatment were included in the study.
Moderate dose 16 (50.0) Demographic and clinical characteristics of asthma patients
Concomitant OCS use 11 (34.3) at baseline are shown in Table 1.

Patients in this study had increased total serum IgE levels
[1,048.25 (630.24, 1,466.25) kU/L], high blood eosinophil
count [412.61 (241.52, 583.90) cells/pL] and fractional
exhaled nitric oxide [FeNO, 50.81 (35.49, 66.12) ppb],
low ACT scores [17.56 (15.10, 20.01)], damaged pulmonary
function [forced vital capacity (FVC) % predicted

Data are presented as n (%) or mean = SD or median (IQR).
SD, standard deviation; IQR, interquartile range; BMI, body
mass index; IgE, immunoglobulin E; FVC, forced vital capacity;
FEV1, forced expiratory volume in the first second; MEF,
maximal expiratory flow; FeNO, fractional exhaled nitric oxide;
ACT, asthma control test; ICS, inhaled corticosteroid; LABA,
long-acting p2 agonist; OCS, oral corticosteroids.
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87.10£16.75 and forced expiratory volume in the first second
(FEV1) % predicted 76.61£22.96]. Besides, there were
81.3% of asthma patients with concomitant AR. Regarding
inhaled corticosteroid (ICS)/long-acting B2 agonist (LABA)
treatment, 50% of patients were taking a high dose and a
moderate dose respectively, which was categorized by GINA
guidelines (20). There were 34.3% of asthmatics receiving
oral corticosteroids (OCS) concomitantly.

The expression of co-stimulatory molecules on eosinopbils
changes after successful omalizumab treatment

The influence of omalizumab on the expression of
molecules related to antigen-presenting function on
eosinophils after 16 weeks of omalizumab therapy is shown
in Figure 2 and Table S1. After 16 weeks of omalizumab
therapy, responders showed a remarkable fall in the
expression of co-stimulatory molecules CD40, CD80, and
CD86 on circulating eosinophils. There was no noticeable
change in HLA-DR expression on eosinophils after
omalizumab therapy.

Change in eotaxin-1 in serum after omalizumab therapy

The change in serum eotaxin-1 concentrations after
omalizumab therapy is shown in Figure 3 and Table S1.
Omalizumab responders exhibited a significant decline in
serum eotaxin-1 levels after therapy.

Changes in symptom scores after 16 weeks of omalizumab
treatment

The improvements in symptoms of allergic asthmatics
after omalizumab therapy are shown in Table 2. There were
significant improvements in ACT scores (4.22, P<0.001),
mini-AQLQ scores (-14.44, P=0.019), LCQ scores
for cough (3.03, P=0.009), and VAS scores for allergic
symptoms (-13.00, P=0.001) after 16 weeks of omalizumab
treatment. For allergic asthma complicating AR or anxiety,
the scores of mini-RQLQ (-8.50, P=0.047) or SAS (-5.08,
P=0.040) statistically decreased compared with baseline,
respectively.

Changes in clinical biomarkers after omalizumab
treatment

The effects of omalizumab on clinical biomarkers are shown
in Table 3. After 16 weeks of omalizumab therapy, total
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serum IgE levels elevated significantly (568, P<0.001). In
addition, all responders exhibited a significant improvement
in FEV1/FVC% predicted (3.88, P=0.033) and FeNO
(-22.24, P=0.028). However, there was no significant
decline in the peripheral blood eosinophil count and ratio
after omalizumab therapy.

Correlations between change in molecules related to
eosinophil and change in clinical biomarkers

After 16 weeks of omalizumab treatment, a correlation
matrix for change in molecules related to eosinophil with
change in clinical biomarkers is displayed in Figure 4. After
omalizumab therapy, the change in FEV1/FVC% (r=-0.61,
P=0.048) and maximal expiratory flow (MEF) 25% (r=-0.63,
P=0.05) both had a negative correlation with the change in
CD80" eosinophils significantly, which indicated that more
decline in expression of CD80 on eosinophils related to
more improvement in FEV1/FVC% and MEF25%.

Discussion

"To our knowledge, this is the first study that has demonstrated
effective anti-IgE treatment could downregulate co-
stimulatory molecules expression on circulating eosinophil
and serum eotaxin-1 levels in patients with severe allergic
asthma. Additionally, we conducted a variety of questionnaires
according to individual characteristics to assess the effectiveness
of omalizumab on allergic asthmatics thoroughly and proved
that anti-IgE treatment could alleviate multiple asthma-related
and allergic symptoms.

Eosinophils are a type of granulated innate immune cells
that are involved in diverse inflammatory responses. In
asthma, eosinophils are typically recruited to tissues during
type 2 inflammatory responses and play an essential role in
airway inflammation (16). In 2006, Noga er 4/. found that
omalizumab could induce eosinophil apoptosis (22). Likewise,
one post hoc analysis analyzed data from 8 randomized trials
of omalizumab and concluded that omalizumab treatment was
associated with circulating eosinophil count reduction (23).
Hanania et 4l. found that the subgroup with a peripheral
blood eosinophil count of more than 260 cells/pL had
lower exacerbation frequency after 48 weeks of omalizumab
therapy (24). On the contrary, another prospective real-world
study suggested that omalizumab initiation in asthmatics
resulted in fewer exacerbations, lower hospitalizations, and
higher ACT scores regardless of blood eosinophil count (25).
Our results showed that blood eosinophil count and the ratio
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A Gating strategy for human eosinophils (SSC""CD16 Siglec-8")
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Figure 2 Omalizumab reduced the surface expression of CD40, CD80, and CD86 on peripheral blood eosinophils. (A) Gating strategy for
human eosinophils (SSC""CD16 Siglec-8*). (B) Gated on human eosinophils (SSC™"CD16 Siglec-8"), expression rates of CD40, CDS80,
CD86, and HLA-DR were tested by flow cytometry before and after 16 weeks of omalizumab treatment. (C) Graphs showed changes in
expression rates of CD40, CD80, CD86, and HLA-DR after 16 weeks of effective omalizumab treatment (n=16). **, P<0.01; ***, P<0.001;
ns, no significance. FSC, forward scatter; SSC, side scatter; CD, cluster of differentiation; HLA, human leukocyte antigen.
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at the end of 16 weeks of omalizumab therapy were similar
to those measured at baseline. Therefore, we supposed that it
was not a key issue that the number of circulating eosinophils
changed, but rather their functions altered after omalizumab

600 - ®

Serum eotaxin-1 concentration, pg/mL

400 treatment.
Previously, it has been demonstrated that eosinophils
° could express MHCII and co-stimulatory molecules CD40,
200 - H g CD80, and CD86, which are necessary for antigen uptake
' ' and process (26). Besides, our prior study identified that
0 ' T eosinophils perform a function for antigen uptake and Th2
ow 16w cell differentiation (27). One study demonstrated that the
Figure 3 Change in serum eotaxin-1 concentrations (pg/mL) after blockade of CD86 could reduce the production of IgE and
16 weeks of effective omalizumab treatment (n=19). *, P<0.05. Th2 cytokines and inhibit the recruitment of eosinophils

Table 2 Changes in symptom scores after omalizumab treatment

Characteristics Pre-treatment Post-treatment Compared with baseline P value
ACT 17.56+6.22 21.78+3.25 4.22+4.95 <0.001**
Mini-AQLQ* 72.00+17.14 57.56+19.19 -14.44+21.87 0.019*
LcQ® 13.97+3.97 17.00+2.87 3.03+2.63 0.009*
VAS® 37.00 (20.00, 64.00) 17.00 (10.00, 27.00) -13.00 (-26.79, 4.50) 0.001*
Mini-RQLQ* 27.00+22.73 18.50+13.43 -8.50+13.19 0.047*
SAS® 40.90+15.03 35.82+10.12 -5.08+8.69 0.040*

2 mean =+ SD, paired Student’s t-test; °, median (IQR), Wilcoxon signed-rank test; *, P<0.05; **, P<0.01; ***, P<0.001. ACT, asthma control
test; Mini-AQLQ, mini asthma quality of life questionnaire; LCQ, Leicester cough questionnaire; Mini-RQLQ, mini rhino-conjunctivitis
quality of life questionnaire; VAS, visual analogue scale; SAS, Self-rating Anxiety Scale; SD, standard deviation; IQR, interquartile range.

Table 3 Changes in clinical biomarkers after omalizumab treatment

Characteristics Pre-treatment Post-treatment Compared with baseline P value
Blood eosinophil count, cells/pL? 403.46+374.48 471.15+488.43 67.69+339.62 0.319
Blood eosinophil ratio, %° 6.15+4.39 6.66+5.23 0.51+4.74 0.666
Total serum IgE, kU/L® 698.0 (259.0, 1,250.0) 1,178.0 (715.0, 2,383.5) 568.0 (58.0, 1,322.8) <0.001***
FVC, % predicted® 86.43+17.30 85.58+19.42 -0.85+10.56 0.697
FEV1, % predicted® 74.42+23.12 76.78+23.18 2.36+9.07 0.215
FEV1/FVC, % predicted® 88.20 (74.90, 97.10) 89.55 (77.03, 98.73) 3.88+9.04 0.033*
MEF75%" 53.10 (29.45, 79.80) 57.30 (26.88, 80.90) 2.20 (-1.88, 15.58) 0.097
MEF50%" 39.00 (24.9, 67.50) 47.15(26.08, 77.75) 4.10 (-5.03, 14.80) 0.100
MEF25%* 43.86+26.76 50.42+28.74 6.56+20.18 0.125
MEF75/25° 43.58+29.24 48.74+29.53 5.16+£15.33 0.113
FeNO, ppb® 60.76+40.50 38.53+30.51 —22.24+37.82 0.028*

The data are shown as mean + SD or median (IQR). ?, paired Student’s t-test; °, Wilcoxon signed-rank test; *, P<0.05; ***, P<0.001. IgE,
immunoglobulin E; FVC, forced vital capacity; FEV1, forced expiratory volume in the first second; MEF, maximal expiratory flow; FeNO,
fractional exhaled nitric oxide; SD, standard deviation; IQR, interquartile range.
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Figure 4 Correlation matrix for change in molecules related to

eosinophils with change in clinical biomarkers of omalizumab
responders after 16 weeks of omalizumab therapy. Blue represented
a negative correlation index while red represented a positive
one. The darker the color, the higher the correlation index was.
A: change from post- to pre-treatment levels. CD, cluster of
differentiation; EOS, eosinophil; HLA, human leukocyte antigen;
tIgE, total immunoglobulin E; FVC, forced vital capacity; FEVI,
forced expiratory volume in the first second; MEF, maximal
expiratory flow; FeNO, fractional exhaled nitric oxide; ACT,

asthma control test.

to the lung in animal experiments (28). This study showed
that the expression of co-stimulatory molecules CD40,
CD80, and CD86 on eosinophils decreased statistically
after omalizumab treatment. In addition, the improvements
in FEVI/FVC% predicted and MEF25% after omalizumab
treatment were positively associated with the decline in
CD80" eosinophils. These findings suggested that the
function of eosinophils as secondary APCs might have a
subsidiary role in the mechanisms of anti-IgE treatment for
asthma, and omalizumab may alter the ability of eosinophils
in antigen-presenting.

Eotaxin-1, a member of the C-C motif chemokine ligand
(CCL) family, also called CCL11, was first discovered by
Jose et al. in 1994 and demonstrated to play a crucial role
in eosinophil accumulation in allergic airways iz vivo (29).
Subsequently, human eotaxin was cloned and found to be an
effective and selective eosinophil chemoattractant by binding
to and activating its high-affinity C-C chemokine receptor
(CCR) 3 expressed on eosinophils (30,31). Afterward, it
was demonstrated that the expression of eotaxin was higher
in airways and the induced sputum in allergic asthmatics
than in normal controls (32,33). Moreover, asthma patients
with exacerbations presented significantly higher plasma

© Journal of Thoracic Disease. All rights reserved.

eotaxin levels than stable asthmatics (34). Our study
discovered that the serum eotaxin-1 levels decreased
significantly in omalizumab responders after 16-week
omalizumab treatment for the first time. Taken together,
the experimental results confirmed that the multifaceted
functions of eosinophils altered after effective treatment
with omalizumab. Presumably, the changes in eosinophil
may be important in the comprehensive assessment of the
efficacy of omalizumab treatment.

This study observed a significant improvement in FEV1/
FVC%, FeNO, ACT, and mini-AQLQ scores, consistent
with previous studies (11,15). We also conducted VAS
and LCQ to evaluate the effectiveness of omalizumab on
multiorgan allergy symptoms and cough, respectively, and
a significant improvement in VAS and LCQ was observed.
There were 81.3% allergic asthmatics complicated from AR
in our study. Patients with asthma and co-existing AR in our
study benefiting from omalizumab therapy also experienced
a significant improvement in rhinitis-specific quality of life,
which has also been confirmed in prior studies (35,36).

Asthmatics with anxiety have enhanced perception of
bronchoconstriction, and accurate perception, in turn,
increases anxiety (37). One randomized controlled trial
indicated that interventions reducing anxiety could improve
asthmatic children’s health (38). In this study, we evaluated
the effects of omalizumab on anxiety in allergic asthmatics
using a SAS questionnaire and omalizumab was found to
reduce anxious feelings in allergic asthmatics for the first
time. These combined results of the studies suggested
that anxiety and asthma are not mutually exclusive, and
managing anxiety may improve asthma management and
vice versa. Additionally, omalizumab improved anxiety,
and anxiety improvements were also indicated in chronic
rhinosinusitis (39) and chronic spontaneous urticaria (40)
treated with omalizumab. Alexithymia, another cognitive
disorder, has been shown to be improved by omalizumab (41).
The correlation of eosinophil loss of function induced
by omalizumab on cognitive disorders should be further
investigated as the involvement of eosinophils in the brain
has been shown (42).

There existed several limitations in our study. Firstly, the
sample size was relatively small, and a larger sample size is
required to verify these findings. Secondly, as omalizumab
has been applied to treat severe asthma clinically for many
years and patients with a high degree of compliance with
the indications tend to be treated very well, we didn’t recruit
enough non-responders to the omalizumab treatment as a
control group. Thirdly, detailed iz vitro experiments need to
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be designed to further validate the effect of omalizumab on
eosinophil chemotaxis and antigen-presenting function.

Conclusions

In conclusion, this study elucidated that effective
omalizumab treatment downregulated surface expression
of co-stimulatory molecules CD40, CD80, and CD86 on
peripheral eosinophils and concentration of serum eotaxin-1
in allergic asthma. Omalizumab treatment improved
multiple allergies related clinical parameters and biomarkers
in severe allergic asthmatics.
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Supplementary

Table S1 Changes in variables related to eosinophil function

Variables Pre-treatment Post-treatment Compared with baseline P value
CD40" eosinophils, % 4.36+3.71 0.95+1.05 -3.42+3.96 0.0036**
CD80" eosinophils, % 1.91£1.19 0.47+0.30 -1.438+1.25 <0.001***
CD86" eosinophils, % 1.44+1.10 0.51+0.46 -0.930+0.99 0.0019**
HLA-DR" eosinophils, % 20.35+17.24 21.72+24.35 1.37+£13.49 0.690
Serum eotaxin-1, pg/mL 127.87+£125.04 104.83+120.35 —-23.04+40.61 0.0236*

Data are presented as mean + SD. *, P<0.05; **, P<0.01; ***, P<0.001. CD, clusters of differentiation; HLA, human leukocyte antigen; SD,
standard deviation.
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