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Abstract
Background Severe allergic asthma (SAA) is based on type 2 (T2-high) immune responses to allergens
promoting type 2 T helper (Th2) cell cytokine responses and production of IgE antibodies. Omalizumab
was the �rst biological drug licensed for clinical use in the management of IgE-mediated SAA. Despite,
emerging evidence supporting the prominent role of follicular T cells (Tfh), Breg and Treg subsets, in the
development and progression of SAA, no data is available on the impact omalizumab therapy.

Methods Ten SAA patients monitored at the Respiratory Diseases Unit of Siena University Hospital and
10 healthy sex- and age-matched controls were enrolled in the study. Clinical and functional parameters
were collected at baseline (T0) and after 6 months of therapy (T6). Cellular population analysis were
determined through multi-color �ow cytometry.

Results SAA patients showed higher percentages of Th17.1, Tfh and Tfh2 while CD24 hi CD27 hi Breg
cell, Treg and Tfr percentages were signi�cantly lower than controls. Higher percentages of Tfh2 in
patients with nasal polyps than in those without and in controls were observed. At T6, signi�cant
decreases of Tfh and Tfh2 than T0 were observed. A slightly signi�cant increase in Teff was reported at
T6 with respect to T0. ΔIgE levels in serum were correlated with ΔCD19 + CD24 + CD27 + Breg cell
percentages (r=-0.86, p=0.0022).

Conclusions Our data explored the changes of Tfh cells, Tregs and Bregs in severe asthma. The
restoration of immunological imbalance in SAA patients after omalizumab is surely intriguing and
represents a glimpse of light in the comprehension of immunological effects of treatment.

Introduction
Asthma is a heterogeneous disease, affecting about 300 million people in the world. Genetic and
environmental factors determine different clinical phenotypes, while proin�ammatory pathogenetic
mechanisms leading to cytokine release characterise different in�ammatory endotypes (1). Allergic
asthma, which is one of these clusters, is considered “severe” when symptoms are not controlled and
response to standard treatment is poor (2–4). From the immunological point of view, severe allergic
asthma (SAA) is based on type 2 (T2-high) immune responses to allergens promoting type 2 T helper
(Th2) cell cytokine responses and production of IgE antibodies (5). Little data is available on expression
of speci�c peripheral B and T cell populations in SAA (6,7).

Newly discovered CD4+ T cell subsets, known as follicular helper T (Tfh) cells, in human peripheral blood
control IgE production better than do Th2 cells (6). The phenotypic characterization of Tfh  is still
disputed (8). They express a chemokine receptor CXCR5, which facilitates their interaction with B cells,
and is followed by secretion of IL-4 and IL-21, promoting B-cell differentiation (9). Tfh cells can be
distinguished from other CD4+ T helper cell lineages by lower expression of cytokines (IFN‐γ, IL‐4 and IL‐
17) and transcription factors (T‐bet, GATA3 and RORc) than Th1, Th2, and Th17 cells, respectively.
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According to their CXCR3 and CC chemokine receptor type 6 (CCR6) expression pro�les, Tfh cells can be
clustered as Tfh1 (CXCR3+CCR6-), Tfh2 (CXCR3-CCR6-) and Tfh17 cells (CXCR3-CCR6+)(10).

In addition to in�ammatory cells, Regulatory T cells (Tregs) was observed to play a key role in the
development of asthma. Treg cell populations, control immune homeostasis, suppress allergic responses,
and participate in the resolution of in�ammation-associated tissue injuries (11,12).

A population of regulatory cells, expressing CXCR5+ T, with different functions and activity has also been
identi�ed and is known as T follicular regulatory (Tfr) cells (13). Tfr cells suppress Tfh cells responsible
for IgE production by B cells (14). In patients with asthma, the cell population is polarised towards Tfh2
cells, increasing the Tfh2/Tfh1 ratio; Tfh2 cells are also correlated with the total IgE levels (15).

An increasing number of papers describe a new phenotype of B cells with suppressive function, known as
regulatory B cells (Bregs) (16). Bregs have immunosuppressive activity mediated by IL-10, IL-35 and TGF-
beta release, inducing activation of Tregs (17,18). Types of human Breg cells have different surface
markers characterising different subsets, such as CD27+CD24hi cells, CD24hiCD38hi

immature/transitional B cells and CD5+CD1dhi (19).

The absence or loss of Bregs is reported to enhance symptoms and the frequency of exacerbations in
patients with allergic diseases (20).

Despite emerging evidence supporting the prominent role of these cell subsets in the development and
progression of SAA, no data is available on the impact of anti IgE biological therapy in these patients.

Omalizumab was the �rst biological drug licensed for clinical use in the management of IgE-mediated
SAA (21). Available since 2003, it is a recombinant humanized monoclonal antibody that inhibits IgE-
dependent cellular and molecular events, involved in the immune/in�ammatory cascade, by interaction
with high- and low-a�nity membrane receptors (FcεRI and FcεRII/CD23) (22). Although the clinical
e�cacy of the drug has been widely investigated, cellular immune responses are not fully understood.

The aim of this study was to investigate immunological responses mediated by Tfh,  Treg and B
regulatory cells in responders SAA patients before and after omalizumab treatment in order to contribute
to the de�nition of the effects anti-IgE biological therapy on adaptive and innate immunity.

Materials And Methods
Study population

57 SAA patients (median age 53.3±14.7; 38% males) monitored between january 2019 and January
2020) at the Respiratory Diseases Unit of Siena University Hospital were included in the study.

46 gave their written informed consent to participation in the study, which was approved by our Local
Ethics Committee CEAVSE (code number 180712 and Markerlung 17431). Among these patients, 36 were
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excluded for different reasons: 17 have concomitant diseases that can alter immunological data
(autoimmune disorders, cancers, diabetes), 19 patients were discontinued for Omalizumab therapy (6 for
adverse reactions, 1 for allergy to omalizumab, 5 for non-compliance, 7 for other non-omalizumab-
dependent reasons). Ten SAA patients (median age 54.6±7.5; 30% males) and 10 healthy sex- and age-
matched controls were �nally included in the study.

SAA was diagnosed according to the Global Strategy for Asthma Management and Prevention, Global
Initiative for Asthma (GINA) (23). The results of the asthma control questionnaire (ACQ) and the asthma
control test (ACT), physical examination and lung function tests at baseline and during follow-up were
collected in a database. All SAA patients included in the study were treated with subcutaneous injections
of omalizumab: dose and frequency of injections were calculated according to body weight and total
serum IgE. Serum levels of speci�c IgE to allergens and nonspeci�c (total) IgE were measured by
Immuno-CAP 250 (Thermo Fisher Scienti�c; Waltham, MA, USA).

Serum and blood sampling were obtained at baseline and after 6 months (T6) of therapy with
omalizumab. The 10 healthy controls (4 male, 48±12 years) were normal on physical examination, and
were all negative to the Immuno-CAP test. They had no history of asthma or allergy and were not on any
medication. They were monitored for at least 12 months and did not develop any disease.

Lung function tests

The following lung function parameters were recorded according to ATS/ERS standards using a Jaeger
body plethysmograph with corrections for temperature and barometric pressure: forced vital capacity
(FVC), forced expiratory volume in the �rst second (FEV1) and FEV1/FVC ratio. All were expressed as
percentages of predicted values. Lung function tests were performed at baseline and at follow-up.

Antibodies

Multicolour �ow cytometric analysis was performed using the following �uorochrome-labelled anti-
human monoclonal antibodies for measuring lymphocyte Th and Tfh subsets (CD4-APC-Vio770,
CD45RA-PE-Vio770, CCR6-APC, CXCR3-VioBright FITC CXCR5 PerCP-Cy5.5, CCR4-PE) all from Miltenyi
biotech. Tregs and Tfr were detected using BD Human Regulatory T Cell Cocktail (BD, San Jose, CA, USA),
including CD4-FITC (clone SK3), CD25-PECy7 (clone 2A3), CD127 Alexa Fluor® 647 and adding CXCR5
PerCP-Cy5 and CD8 horizon450 (the last two from Biolegend). Bregs were detected using the following
�uorochrome-labelled anti-human monoclonal antibodies: CD38-FITC CD1d-PE, CD19-PE-Cy7, CD5-PerCP-
CY5.5, CD24-APC-H7 and CD27- BV510, all from BD, San Jose, CA, USA.

Preparation and storage of PBMC

Preparation and storage of PBMCs was performed in the laboratory of the Respiratory Diseases Unit,
Siena University Hospital (Italy) from January 2018 to June 2020. Peripheral blood samples after 8-hour
fasting were drawn into a tube containing EDTA anticoagulant (BD Vacutainer® EDTA tubes, BD
Biosciences, CA, USA) and processed within 8 hours.
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Brie�y, a layer of blood was added to the same volume of Ficoll Histopaque®-1077 (Sigma-Aldrich) in a
50 mL tube and centrifuged for 30 minutes at 1308xg in a swinging-bucket rotor without brake. The
mononuclear cell layer was transferred to a new conical tube (Corning® 50 mL centrifuge tubes, Sigma-
Aldrich), adding 15 ml RPMI 1640 medium (Gibco®, Thermo Fisher Scienti�c), and centrifuged at 327xg
for 10 minutes. Supernatant was carefully removed and after being kept for 1 hour at -20°C and overnight
at -80°C, the cells were stored in liquid nitrogen until analysis.

Cell staining and �ow cytometric analysis were performed using FACS CantoII cell analyser (BD
Biosciences). Brie�y, the cells were thawed and centrifuged at 327xg for 10 minutes, discarding the
supernatant. A total of 106 live cells were added to each tube (based on trypan-blue stain detection in a
Burker chamber). Cells were marked with an appropriate amount of mABs and incubated for 30 minutes,
according to the manufacturer's instructions. After incubation, the cells were resuspended in medium and
read by �ow cytometer. Kaluza Analysis 2.1 software was used for data analysis.

Flow cytrometric analysis

We used a FACS CantoII (BD Biosciences) cell analyser and Kaluza Analysis 2.1 software (Beckman and
Coulter). The �rst tube contained the antibodies for analysis of Th and Tfh subsets. T cells were selected
in the lymphocyte scatter region (gating out dead cells that show low forward and relatively high side
scatter) and then gated for the CD4 phenotype. CD4+ cells were clustered based on CD45RA and CCR6
expression. In particular, total CD4+ cells were divided into CD4+CD45RA+ cells (Teff) and CD4+CD45RA- T
central memory cells (Tcm). Tcm were subsequently divided according to CCR6 expression.
CD4+CD45RA-CCR6+ cells were classi�ed as CXCR3+CCR4+ (Th17 double-positive), CXCR3-CCR4+ (Th17)
and CXCR3+CCR4- (Th1-like Th17), whereas CCR6-cells were classi�ed as CXCR3-CCR4+ (Th2) and
CXCR3+CCR4- (Th1).  CD4+CD45RA- cells were also used for analysis of Tfh. In particular, CD4+CD45RA-

CXCR5+ were considered to be Tfh and their subsets were identi�ed: CXCR3-CCR6+ Tfh17, CXCR3+CCR6-

(Th1) and CXCR3-CCR6- (Tfh2). Gate strategy was performed according to Miyajima S  et al (24) and it
was reported in �g.1a. The second tube contained the antibodies for analysis of Tregs and Tfr. T cells
were selected in the lymphocyte scatter region (gating out dead cells that show low forward and relatively
high side scatter), then gating for CD4 cells. We then made a plot for the identi�cation of
CD25highCD127low Tregs. An additional histogram was plotted for CXCR5+ CD25highCD127low Tfr. Gate
strategy was reported in �g.2a (25). The third tube contained the antibodies for analysis of Bregs. B cells
were gated on the basis of CD19 phenotype. Three additional dot plots were added to recognize the
following B cell subsets: CD24hiCD38hi Breg, CD24hiCD27hi Breg and CD5+CD1d+ Breg. Gate strategy was
reported in �g.3a (26).

Statistical analysis

All data is reported as median and interquartile range (IQR) or mean and standard error of the mean
(M±SEM). Signi�cant differences between controls and patients at baseline were determined by Student's
t-test or the Mann Whitney U test. Wilcoxon's rank sum test was used to compare data before and after

https://www.thermofisher.com/order/catalog/en/US/adirect/lt?cmd=catDisplayStyle&catKey=106101&_bcs_=H4sIAAAAAAAAAMWSW2uDMBTHP01eJitRV9c%2B9kJH2dqVuu496FEDiSnJscVvvxOdtLAL28MYhHPz%0acPL%2FnXgbMj7ZWZM3GbqARUmQgj3JDNw39QrxyOIZi1Z0zufzCCuw2hTSkR9lRlO5cWSgJlMZDeSM%0azeljhVrRBBbF%2FvAJ2gZ8zu85uZCH1Dmdkr%2BhdAFKBYtGYWPBaxCarp0HL1bUroAMpamDPYgSavyZ%0arHg24YMU8plAoUw5CD2kZEQuLY2mSCGLV5nOWbxcvz5sqXkp3VGJdiEQSmNbUkTFR2ipo9N8DVYI%0a5T4nIx%2FyhPeIc%2BGECjaQS%2FHPBL2mXyL0wftz7XebdYfS6CBM7vifAl1gUmwV%2FWCJT%2Fs4XqayLhU8%0awQnUF6wdRfK8o6yQCv3lSR%2F4OVuh%2FRhPxKJxNO%2BpurAjG3q7WaGvD4sZX1Yzvl7Oh62%2BAc1jEdN6%0aAwAA&OP=filter&filter=ft_1601/f_25801*&filterType=1&filterDispName=Gibco%26reg%3B
https://www.thermofisher.com/order/catalog/en/US/adirect/lt?cmd=catDisplayStyle&catKey=106101&_bcs_=H4sIAAAAAAAAAMWSW2uDMBTHP01eJitRV9c%2B9kJH2dqVuu496FEDiSnJscVvvxOdtLAL28MYhHPz%0acPL%2FnXgbMj7ZWZM3GbqARUmQgj3JDNw39QrxyOIZi1Z0zufzCCuw2hTSkR9lRlO5cWSgJlMZDeSM%0azeljhVrRBBbF%2FvAJ2gZ8zu85uZCH1Dmdkr%2BhdAFKBYtGYWPBaxCarp0HL1bUroAMpamDPYgSavyZ%0arHg24YMU8plAoUw5CD2kZEQuLY2mSCGLV5nOWbxcvz5sqXkp3VGJdiEQSmNbUkTFR2ipo9N8DVYI%0a5T4nIx%2FyhPeIc%2BGECjaQS%2FHPBL2mXyL0wftz7XebdYfS6CBM7vifAl1gUmwV%2FWCJT%2Fs4XqayLhU8%0awQnUF6wdRfK8o6yQCv3lSR%2F4OVuh%2FRhPxKJxNO%2BpurAjG3q7WaGvD4sZX1Yzvl7Oh62%2BAc1jEdN6%0aAwAA&OP=filter&filter=ft_1601/f_25801*&filterType=1&filterDispName=Gibco%26reg%3B
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treatment. Correlations were determined by Spearman correlation coe�cient. Probability values less than
0.05 were considered signi�cant. Statistical analysis was performed by GraphPad Prism 8.0 software.
Principal component analysis (PCA) was employed to reduce the dimensionality of the data hyperspace.
The data matrix was constructed with Microsoft Excel and PCA was performed using BioVinci software
(BioTuring, San Diego, CA, USA). The cell subsets of patients and controls were also used to build a
decision-tree model to determine the best clustering variables.

Results
Study Population and clinical improvements after 6 months of therapy

The main characteristics of our population are reported in Tab. 1, including IgE assessment, clinical data
and therapeutic status. Regarding comorbidities, SAA patients reported other allergic diseases such as
allergic rhinitis (AR), allergic conjunctivitis (AC), atopic dermatitis (AD), nasal polyposis (NP), chronic
spontaneous urticaria (CSU) and food allergy (Tab. 1).

A mean of 3.6±2 exacerbations occurred in the year prior to administration of omalizumab.

Therapy with omalizumab was not associated with any moderate-to-severe adverse events and there
were no interruptions of treatment.

After 6 months of omalizumab therapy, we observed a signi�cant increase in FEV1% (75±7 vs 87.8±5.3
p=0.002), FVC/FEV1 (68±4 vs 73±4.6 p=0.002), and an improvement in asthma clinical control expressed
by the ACT score (13.5±1.6 vs 21.7±1 p=0.002) in all patients. On the contrary, a signi�cant decrease in
total IgE concentrations in serum was observed (Fig.4) (425±116 vs 116±25 U/ml p=0.004).

T cell subsets in SAA patients before treatment and controls

Immunological cells percentages were reported in tab.suppl.1 Th and Tfh cells, analysed in SAA patients
at baseline and in controls (Fig.1b), showed higher percentages of Tcm (70.2±2.8% vs 44.13±4%
p<0.0001), Th17.1 (29.6±4.2%, vs 17.6±2.7% p=0.04), Tfh (14.2±2.5% vs 5.5±1.2%; p=0.0037) and Tfh2
(43.5±8.9% vs 34.3±1.6%, p= 0.02) in patients than controls. Teff were lower in patients than controls
(28.9±2.6% vs 53.1±1.9% p=0.001).

Stratifying our cohort for patients with and without nasal polyps, we recorded higher percentages of Tfh2
at baseline in patients with nasal polyps than in those without and in controls (65.9±9.5 vs 28.8±98 and
34.3±1.6% p=0.03).

Interestingly, Treg and Tfr percentages (Fig. 2b) were signi�cantly lower in patients than controls
(3.2±0.6%, vs 7.2±1.4% p=0.019 and 0.5±0.2%, vs 3.1±0.4 p=0.0001). Regarding Breg cell analysis (Fig.
3b), CD24hiCD27hi Breg cell percentages were signi�cantly lower in patients than in controls (7± 0.9%, vs
14.7± 4%; p=0.01).



Page 7/21

T cell subsets in SAA patients before and after therapy

At T6, we observed the following signi�cant decreases with respect to T0: Tcm (56.6±6.6%, vs 70.2±2.8
p=0.048), Tfh (7.4±1.6%vs14.2±2.5%; p=0.003) and Tfh2 (35.5±8.6%vs43.5±8.9%, p=0.03). A slightly
signi�cant increase in Teff (43.2±6.6% vs 28.9±2.6 p=0.04) was reported at T6 with respect to T0 (�g.1c).
A decrease in Th17.1 percentage was recorded but was not statistically signi�cant (24±3.5% vs
29.6±4.2%, p=0.08).

Stratifying our cohort for nasal polyposis, a signi�cant decrease in Tfh2 percentage was only found in
patients with nasal polyposis at T6 (65.9±9.5 vs 48.8±33%, p=0.007).

Treg and Tfr percentages showed a signi�cant increase at T6 (3.2±0.6%, vs 7±1.8% p=0.02 and 0.5±0.2%,
vs 1.8±0.3 p=0.002, respectively (Fig. 2c), as CD24hiCD27hi Breg cells (7±0.9%, vs 12.6±2.5%; p=0.01 Fig.
3c).

Correlation analysis

At baseline, total IgE levels in serum were correlated with ACT score (r=-0.67, p=0.036), body mass index
(BMI) (r=0.63, p=0.04) and Tfh1 (r=0.72, p=0.02). BMI showed an indirect correlation with ACT score
(r=-0.69, p=0.030) and Tfh17 (r=-0.78, p=0.01) and a direct correlation with Tfh1 (r=0.81, p=0.005).

ACT score was correlated with Treg (r=0.73, p= 0.01), Tfh2 (r=-0.81, p=0.0064), Tfh1 (r=-0.77, p=0.01) and
Tfh17 (r=0.87, p=0.0015) percentages.

Among cell phenotypes, Th2 was correlated with Th17 (r=0.68, p=0.03), Th1(r=-0.84, p=0.004) and
CD38+CD24+ Breg cell percentages (r=-0.77, p=0.013). CD38+CD24+Breg cell percentages were indirectly
correlated with Tfh cell percentages (r=-0.58, p=0.04). Th17 cell percentages were correlated with those of
CD19+ B cells (r=0.7, p=0.007). CD8+ cell percentages were correlated with Tfh cell subsets (Tfh1 r=0.74
p=0.017; Tfh2 r=0.75 p=0.015; and Tfh17 r=-0.75 p=0.015).

The number of peripheral eosinophils (cells/ml) at baseline was correlated with Th17.1 cell percentages
(r=-0.90, p=0.0046) and number of exacerbations in the year prior to treatment (r=0.90, p=0.004).

Regarding the variation of variables between T6 and T0, Δ(T6-T0) was calculated, following by
correlation analysis.

Interestingly, ΔIgE levels in serum were correlated with ΔCD19+CD24+CD27+ Breg cell percentages
(r=-0.86, p=0.0022, Fig.5a), and ΔFEV1% (r=-0.91, p=0.0005).  Moreover, ΔCD19+CD24+CD27+ Breg cell
percentages directly correlated with ΔFEV1% (r=0.74, p=0.01, �g.5b). 

ΔFEV1(ml) inversely correlated with ΔTfh2 (r=-0.78, p=0.0097). 

Multivariate analysis
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Analysis of variance of cell populations in controls showed a homogeneous distribution with low
interindividual variance (red boxes) (Fig. 6a), for many of the 22 cell populations analysed. When SAA
patient cell populations were compared at baseline and T6, signi�cant differences expressed as high
interindividual variance (green boxes) were found for many of the 22 populations analysed.

PCA plots were performed in order to distinguish the three groups: HC, T0 and T6. The analysis show how
the three groups (controls, T0 and T6) separated on the basis of cell phenotype (�g.6b). The �rst and
second components explained 35.34% and 27.70% of the total variance.

The cell subsets of patients and controls were employed to build a decision-tree model to determine the
best clustering variables (�g. 6c). The best cell populations were Teff, followed by Tregs, Th17.1,
CD19+CD24+CD27+ Breg and CD5+CD1d+ Bregs.

Discussion
Here we studied the expression of Th,Tfh and Breg cells and their subsets for the �rst time in SAA
patients before and during treatment with omalizumab. Compared with the group of healthy controls, we
observed a signi�cant imbalance of these immunological cell subtypes in SAA patients: a reduction in
Tregs and CD19+CD24+CD27+ Breg and overexpression of Tfh, Tfh2 and Tcm cells, as already reported in
the literature (27–29). After 6 months of omalizumab treatment, a normalising, even if partial, trend of
cell pro�les was observed, again for the �rst time, in SAA patients, associated with clinical improvement
and increases in FEV1% and FVC/FEV1 ratio.

Regarding, BMI, a new evidences demonstrated the relationship with omalizumab therapy. In particular,
Gu et al, found an inverse correlation between BMI and ACT score. On the contrary IgE levels directly
correlate with BMI (30). In our cohort the same behaviour of these parameters were reported, suggesting
an intriguing role of BMI on omalizumab e�cacy.

Despite the huge evidence assessing the clinical effectiveness of omalizumab in SAA patients, the
impact of this biological treatment on the different subtypes immunological cells remains largely
unexplored.  However, many new studies underlined the potentially crucial  role of Tfh cells and their
subsets in the progression and pathogenesis of allergic asthma.

Rauber et al showed that omalizumab has an impact on in�ammatory T‐cell activity, observing by a
signi�cant correlation between clinical treatment response and reduced numbers of IL‐10‐, IL‐31‐ and
IFN‐γ‐secreting cells (31).

In a mouse model of airway allergen exposure, it was demonstrated that Tfh cells supported sustained
production of IgE in vivo (32,33).

Moreover, Kamekura R et al. demonstrated increased percentages of Tfh2 cells in patients with allergic
rhinitis with and without asthma and a simultaneous decrease in CD19+CD24+CD27+ Breg cells (34).

https://www.sciencedirect.com/topics/immunology-and-microbiology/allergic-rhinitis
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Miyajima M et al. recently demonstrated that Tfh2 (27) cells were more abundant and that Tfh1 cells and
CD19+CD24+CD27+ Breg cells were much fewer in allergic patients than in healthy controls. After inhaled
corticosteroid treatment, Tfh2 percentages declined, while symptoms and clinical biomarkers improved,
suggesting that the expression of these cell subsets are strictly related with clinical assessment and
response to the therapy (24). Our results are in line with these �ndings, as our patients showed a
comprehensive rebalancing of Th and Tfh cell subtypes after a relatively short time of omalizumab
treatment.

In the same way, the increase in Tfh2 percentages and the decrease in CD19+CD24hiCD27+ Breg cells in
SAA patients was signi�cantly rebalanced after omalizumab therapy, supporting the effectiveness of this
drug as a “immunological restorer” in these patients. In our study, not only CD19+CD24+CD27+ Breg but
also CD38+CD24+ Breg cell subsets seemed to play a key role, showing correlations with Th2 and Tfh. 

Bregs with memory B cell marker CD27 are mainly responsible for suppressing activity of CD4+ T cells
(35), while Bregs with the immature cell marker CD38 induce development of Tregs by limiting
differentiation of Th1 and Th17 cells (36).

Concerning different clinical phenotypes of SAA, including comorbidities, we observed that nasal
polyposis was associated with a signi�cantly higher expression of Tfh2 cells. These �ndings are in line
with previous studies, in which an increase in Tfh and especially Tfh2 cells in nasal polyp tissue was
demonstrated after induction of local IgE production. Tfh cells were also positively correlated with
germinal centre B cells and plasma cells in nasal tissue (37). Interestingly, we observed that SAA patients
with nasal polyposis overexpressed this speci�c subpopulation of Tfh cells: this difference may be
because we selected patients with the same atopic endotype. Again, an indirect con�rmation of the
important role of Tfh2 cells in the pathobiology of SAA with nasal polyposis was provided by evidence
that omalizumab treatment appeared to restore their homeostasis.

Gong et al. demonstrated that circulating Tfh cells induce naive and memory B cells to become Ig-
producing cells. A high frequency of these cells was reported in patients with asthma (28). The authors
also reported an increase in Tfh cells and accelerated IgE production when co-culture with CD19+ B cells
was performed (38). Abdel-Gadir A. et al. demonstrated that omalizumab promotes allergen
desensitization through initial depletion of allergen-reactive T cells, followed by an increase in allergen-
speci�c Treg cell activity due to reversal of their Th2 cell-like programme (39). In our cohort, these
baseline immunological characteristics were con�rmed, showing a signi�cant increase of Breg and Treg
cells after omalizumab treatment. Interestingly, the degree of the increase in CD19+CD24+CD27+ Bregs
after omalizumab treatment appeared to be strongly correlated with baseline serum concentrations of
IgE, suggesting that B cell imbalance may directly contribute to overproduction of IgE.

However, in contrast, recent paper by van der Heiden et al. demonstrated that omalizumab did not affect
the total B-cell compartment and the frequencies of Tregs during follow up, highlithing the controversial
knowledge about the effects of this therapy (40).

https://www.sciencedirect.com/topics/immunology-and-microbiology/cd19
https://www.sciencedirect.com/topics/immunology-and-microbiology/memory-b-cell
https://pubmed.ncbi.nlm.nih.gov/?sort=date&term=Abdel-Gadir+A&cauthor_id=29700872
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Regarding Tfr cells, Clement et al. reported that lack of Tfr cells increased IgE production, supporting the
idea that Tfr cells control IgE responses to allergens. Yao et al demonstrated that impairment in TFR cells
might contribute to aberrant IgE production in patients with AR (41).

However, no study has yet addressed the question of involvement of Tfr cells in human asthmatics (31).
Our study is the �rst report that concentrations of these cells are lower in SAA patients than controls and
are enhanced by anti-IgE treatment supporting the hypothesis that these cell subsets are involved in the
effects of omalizumab therapy.

Concerning Th17 cells, little and controversial data is available on their role in the pathogenesis of
allergic asthma (42). It is reported that Th17 cells have phenotypic instability that predisposes them to a
pro‐in�ammatory phenotype. This plasticity affects Th effector/memory cells (42,43). Our results
demonstrated that in a population of SAA patients treated with omalizumab, Th17 cells showed
in�ammatory properties that may coexist with Th2. At baseline, Th2 and Th17 in�ammation matched an
increase in Tfh and B cells and a depletion of Th1 and CD38+CD24+ Breg cells, while an opposite trend
was shown by Tfh17 cells, that decreased when Tfh2, Tfh1 and CD8 cell numbers were enhanced. The
number of eosinophils was directly correlated with Th17.1 cells and decreased after omalizumab therapy.
The interaction between cell subsets and clinical parameters remained stable after treatment, the
proin�ammatory effect of Tfh1, Tfh2 and B cells showing an inverse correlation with Tfh17 cells. These
results are surely intriguing and further underline the high complexity of immunoin�ammatory milieu
underlying the multiple endotypes of severe asthma.

A regulation of in�ammatory pathways after omalizumab administration were reported by Upchurch K et
al, that investigated the transcriptional variations between omalizumab responders and non-responders
Interestingly, only responders could maintain changes induced with omalizumab treatment and become
more similar to the control subjects, while non-responders tend to remain more similar to their pre-
treatment baseline (44). In line with these trascriptomic data our immunological analysis revealed the
same trend, however in the current study only responders were included.

Our study has several limitations, including the monocentric retrospective design, the relatively short
follow-up time for measurement of immunological data after omalizumab treatment  and the small
sample size. However, it produced the interesting immunological data associated with omalizumab
treatment in patients with severe allergic asthma. A large number of cell subsets were evaluated
simultaneously to obtain insights into their complex interactions: our data explored the changes of Tfh
cells, Tregs and Bregs in severe asthma during omalizumab treatment. Our results evidenced a large
spectrum of immune change induced by omalizumab, highlithing new perspectives for their therapeutic
implications. The overall restoration of immunological imbalance in SAA patients, not only limited to
allergic mechanisms, with omalizumab is surely intriguing and represents a glimpse of light in the
comprehension of immunological effects of biological treatment in severe asthmatic patients.

Abbreviations
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  SEVERE ALLERGIC ASTHMA
PATIENTS

(n=10)

Healthy
Controls

(n=10)

Age (years) 54.6±7.5 48±12

Gender (male/female) 3/7 4/6

Smoking History (never/ex/current) 6/3/1 7/1/2

BMI 26.6±4.5 21.4±2,7

IgE (U/ml) 425±116 67±49

Age at onset 33.2±18  

Speci�c IgE positivity:

house dust mites

skin dander of cats/ dogs

olive tree

cypress

parietaria

grass pollen

 

9

3/2

3

4

2

2

 

Exacerbations in the last 12 months (N;
Severe/mild-to-moderate)

3.6±2; 0.4±0,6/3±2.3  

Blood eosinophils (number/µl) 596±499  

FEV1% pred (%) 75±5  

FEV1/FVC Ratio 68±4  

Therapy (n):

ICS

LABA

LTRA

 

10

10

8

 

Other Allergic complications

AR/AD/NP/U/Food Allergy

 

8/0/4/2/3

 

Tab1. Clinical characteristics of SAA patients and healthy controls.

Key Messages
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1. Our results evidenced a large spectrum of immune change induced by omalizumab, highlithing new
perspectives for their therapeutic implications.

2. The increase in Tfh2 percentages and the decrease in CD19+CD24hiCD27+ Breg cells in SAA patients
was signi�cantly rebalanced after omalizumab therapy.

3. CD19+CD24hiCD27+ Bregs after omalizumab treatment appeared to be strongly correlated with
baseline serum concentrations of IgE, suggesting that B cell imbalance may directly contribute to
overproduction of IgE.

4. Nasal polyposis with concomitant severe asthma was associated with a signi�cantly higher
expression of Tfh2 cells.

Figures

https://www.sciencedirect.com/topics/immunology-and-microbiology/cd19


Page 17/21

Figure 1

a) Gating strategy used to analyze markers of differentiation of T cell subsets. They are identi�ed as
CD4+CD45+ Cells (Teff) and CD4+CD45- T central memory cells (Tcm). Tcm were subsequently divided
according to expression of CCR6. CD4+CD45-CCR6+ cells were classi�ed as CXCR3+CCR4+ (Th17
double-positive), CXCR3-CCR4+ (Th17) and CXCR3+CCR4- (Th1-like Th17), whereas CCR6- cells were
classi�ed as CXCR3-CCR4+ (Th2) and CXCR3+CCR4- (Th1). CD4+CD45- cells were also used for the
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analysis of Tfh. In particular CD4+CD45-CXCR5+ were considered as Tfh and CXCR3-CCR6+ Tfh17 and
CXCR3+CCR6- Tfh1, CXCR3-CCR6- Tfh2. b- c) Percentages of different Tcm Teff Tfh Tfh2 and Th17.1 cell
subpopulations in controls (n = 10), patients at baseline(n = 10) (b) , and T6 (n=10) (c) obtained by
manual gating.Data represent individual values, mean (centre bar) ± SEM (upper and lower bars). CI:
con�dence interval.

Figure 2
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a) Gating strategy used to analyze markers of differentiation of regulatory T cell subsets. They are
identi�ed as CD4+ CD25highCD127low Treg and CD25highCD127lowCXCR5+ Tfr. b, c Percentages of
different Tfr and Treg cell subpopulations in controls (n = 10), patients at baseline(n = 10), and T6 (n=10)
obtained by manual gating.Data represent individual values, mean (centre bar) ± SEM (upper and lower
bars). CI: con�dence interval.

Figure 3
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a) Gating strategy used to analyze markers of differentiation of B regulatory cells. They are identi�ed as
CD19+CD24+CD27+ Breg, CD19+CD24+CD38+Breg and CD19+CD1d+CD5+ Breg. b, c Percentages of
different CD19+CD24+CD27+ Breg cell subpopulations in controls (n = 10) and patients at baseline(n = 
10), obtained by manual gating. Data represent individual values, mean (centre bar) ± SEM (upper and
lower bars). CI: con�dence interval.

Figure 4

Clinical improvement at T0 and T6 of patients with SAA

Figure 5

a) Correlation analysis of ΔCD19+CD24+CD27+ with ΔIgE, b) and ΔFev1%
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Figure 6

a) Interindividual variance (CV) for 22 canonical cell populations was calculated for each three conditions
for T0, T6 and HC samples. b) Principal Component Analysis (PCA) of T cell. c) The 22 cellular subsets of
patients and controls, were employed to create a decision tree model for the detection of best clusterizing
variables.


