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To the editor,

Severe therapy-resistant asthma (STRA) is characterized by frequent symptoms, asthma exacerba-
tions and hospitalizations, despite the use of continuous high-dose corticosteroid therapy and other
controller medications. Inflammation of the airways and symptoms varies widely in children with STRA
and most patients present only with mild lung function abnormalities. Low Th2 cell response (1), low
IL-10 production and increased IL-33 have been reported in this group of patients (2,3). Intraepithelial
airway neutrophilia and IL17R expression have been associated with a better outcome of STRA in
children. More diverse T cell subsets with different functions in comparison to the so far established
subsets (Th1, Th2, Th17 and Treg) have been described to play a role in the asthma immunopatholo-
gy. CD4 T cell plasticity is defined as the ability of a single cell to undertake characteristics of many T
cell subsets simultaneously and can occur by co-expressing the namely lineage-specific transcrip-
tional factors (T-bet, GATA-3, RORyt and FoxP3). The role of CD4 T cells plasticity in children with
STRA remains unclear. The aim of our study is to analyse the expression and co-expression of tran-
scriptional factors (T-bet, GATA-3, RORyt and FoxP3) in CD4 T cells from peripheral blood of children

with STRA, compared to children with non-severe asthma.

In this cross-sectional study we have selected children aged 8-14 years from Southern Brazil. Non-
severe asthmatics (n=118) and healthy children (n=36) were recruited from public schools. Children
with non-severe asthma were initially selected by ISAAC-based short questionnaire, with a posterior
medical clinical confirmation. The diagnosis of mild and moderate asthma (non-severe) was then de-
fined according to the Global Initiative for Asthma criteria (4). Symptoms of allergic rhinitis, atopic
dermatitis and asthma were collected, and the healthy children recruited should not have any history
of allergic symptoms or a medical diagnosis of any atopic disease. Children with STRA (n=11) were
selected from a tertiary hospital-based asthma clinic. The criteria for the diagnosis of STRA were as
follows: uncontrolled disease despite treatment with high doses of inhaled corticosteroids, plus long-
acting beta-agonists, and optional leukotriene receptor antagonist. Uncontrolled disease was charac-
terized by: 1) persistent symptoms (> 3 months); 2) acute asthma exacerbations - with either an ICU
admission, two or more hospitalizations, or at least two courses of oral steroids over the last 12
months; 3) persistent airflow obstruction following steroid trial; or 4) the need for alternate-day or daily

oral steroid to achieve control. All children had been followed in the asthma clinic for at least 6 months
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and underwent a detailed clinical protocol excluding other chronic lung diseases, optimizing adher-
ence and inhaler technique, and treating or minimizing underlying factors (eg, allergic rhinitis, passive
smoking, and poor allergen environmental control). Patients also underwent a protocol trial of system-
ic corticosteroid treatment (14 days of oral steroids with evaluation of control of disease and lung
function) in order to assess corticosteroid insensitivity. Eventually, subjects with no response to the
oral steroid trial were classified as STRA. Children with chronic diseases other than asthma, such as
neurological disorders, congenital cardiac diseases or immunodeficiency were excluded. Ethical ap-
proval and parents written consent were obtained from Human Ethics Committee of PUCRS (CAEE

#10/04978 and CONEP #16.083).

Blood samples and lung function test were collected when children were clinically stable and free from
respiratory viral infections in the previous 3 weeks. Peripheral blood mononuclear cells (PBMCs)
were isolated for in vitro culture and analysed using for flow cytometry. Spirometry measurements
were performed (Koko equipment; Ferraris Respiratory, Louisville, CO, USA) according to the
ERS/ATS criteria (5), and the FEV;, FEV,/FVC ratio, FVC and FEFs.750,, pre- and post-bronchodilator
(400 ug of salbutamol) were analysed. Atopy was defined by specific IgE (ImmunoCAP, Phadia AB,
Uppsala, Sweden) for D. pteronyssinus, D. farinae, B. tropicalis, Periplaneta americana, dog and cat
dander, mold, pollen, dust and grass. Children (healthy control and non-severe) with a detection level
of at least 0.35 kU/L for any of the tested allergens were considered atopic. In children with STRA,
atopy was defined by skin prick tests with the same allergen panel used in the ImmunoCAP tests, and

considered positive when the weal diameter was greater than 3 mm.

Clinical characteristics of the subjects included are shown in Table 1. Age, gender, atopic status, pas-
sive smoking and CD4 T cells were not significantly different between healthy controls, non-severe
asthma and STRA children. When analysing lung function, we found a significant difference in forced
expiratory flow between 25% and 75% of vital capacity (FEF,s.750, z-score) between the groups. In
addition, there were significant differences patients with STRA used more inhaled steroids and pre-

sented a higher number of exacerbations per year compared to non-severe asthmatics (Table 1).
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Expression of the transcription factors (GATA-3, RORyt, T-bet and FoxP3) were evaluated by flow
cytometry in CD4 T cells from PBMCs of healthy control children (n=35), children with non-severe
asthma (n=118) and with STRA (n=11), and the gate analysis is demonstrated in Figure 1. We identi-
fied that the STRA group presented a lower frequency of CD4"GATA-3" cells (p<0.0001) compared to
the non-severe group (Figure 2 A), demonstrating that children with STRA presented a reduction of
these cells in peripheral blood. This reduction is not associated with the dose of inhaled corticoid dose
used by STRA (supplementary Figure 1). The percentages of CD4'GATA3" cells are positively corre-
lated with FEF,5.75 z-score (r=0.785, p=0.020) in STRA patients, indicating that lower expression of
GATA3" on CD4 T cells may be associated with decreased expiratory airflow (Figure 2 K). The cen-
tral role of GATA-3 in the regulation of Th2 response is well described, although we did not measured
the cytokine production of the GATAS positive cells in our study. One previous study already showed a
reduction in Th2 cytokine in children with STRA, with lower IL-5" cell counts in bronchial biopsies,
when compared to healthy controls (1). Those data confirmed the heterogeneity of STRA in children,
considering that Th2 immune response has been described as one of the major severity risk factors
for asthma. In addition, GATA-3 has been proposed as a therapeutic target to asthma (6), however

our results suggest that this target could not be effective in children with STRA.

In addition we found that children with non-severe asthma showed an increased percentage of
CD4"CD25'FoxP3" cells compared to healthy controls (Figure 2 B). This is in contrast with other stud-
ies, which showed lower percentage of Treg cells in children with asthma (7,8) However, in line with
our results, a few studies observed an increased frequency of CD4'FoxP3" cells in patients with

asthma compared to controls (9,10).

Given the fact that the co-expression of key lineage-specifying transcription factor affects the func-
tional capabilities and flexibility of CD4 T cells, we further evaluated the cells that double co-express
RORyt, GATA-3, T-bet, and FoxP3. Intriguingly, children with STRA presented a significant reduction
of CD4"GATA3'RORVyt" cells compared to non-severe asthma (Figure 2 E). Cells that co-express the
transcription factors GATA3 and RORyt and co-produce Th17 and Th2 cytokines promote exacerba-

tion of chronic allergic asthma in a murine model (11). In contrast to our results, cells expressing
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GATA-3 and RORyt", have been associated with disease severity in adults with asthma (12). These
findings indicate that the severity markers of asthma in children are different from the disease in

adults.

We also performed a different set of analysis to compare non-severe and STRA patients; data from
the transcriptional factor analysis were categorized in above or below the median of healthy controls.
Our data show that only 9.1% of STRA children showed the median of CD4"GATA3" cells above
healthy controls, compared to 82% of children with non-severe asthma (p=0.001) (Figure 3 A). We
also found that less than 10% of STRA children presented a median of CD4"'CD25'FoxP3" RORyt"
cells above healthy control children, indicating a reduced proportion of this cell phenotype in this
group of patients (p=0.009) (Figure 3 B). In human cells, it was described that cells co-expressing
FoxP3 and RORyt retain suppressive function (13). The reduction in FoxP3 and RORyt co-expressing
cells in STRA might be associated with less IL-10 production and asthma regulation. In contrast, the
majority of STRA children, 82.8%, showed the median of CD4 T-bet'FoxP3" above healthy controls,
compared to 42.4% of children with non-severe asthma (Figure 3 B; p=0.012). Cells co-expressing
FoxP3 and T-bet are a stable population responsible for inhibiting Thl response (14). The present
study is the first to describe the presence of this population of cells in peripheral blood of children with

STRA.

In addition, 90.9% of STRA children showed the median of CD4"'RORyt'T-bet” cells above healthy
controls, compared to 54.5% of children with non-severe asthma (p=0.014) (Figure 3 B). CD4'T-
bet'RORyt" cells are generated in vivo during experimental allergic encephalomyelitis (15). We sug-
gest that these cells may also be involved in the allergic immunopathogenesis of STRA in children,

given that the majority of these children are atopic.

Finally, we next evaluated whether the co-expressing two-lineage specific transcription factor would
change after a polyclonal T cell activation in vitro. When the cells were stimulated with anti-CD3/anti-

CD28, children with STRA continued to present similar results, but also showed a significant decrease
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in the percentage of CD4 T-bet"GATA-3" cells, given that only 9.1% of children with STRA presented
the median of this phenotype above healthy controls, compared to 67.8% of children with non-severe
asthma (p=0.001) (Figure 3 C). These cells are known to maintain Th2 and Th1l functions (16). Larger
studies are required for better understanding the clinical impact of both distinct immune expressions

in children with STRA.

One limitation of our study is that all the analysis for the immune response patterns were performed in
peripheral blood samples. Asthma is an airway disease in which, ideally, biological samples should be
collected and studied directly from the airways. However, this approach requires more invasive pro-

cedures, which are ethically difficult to approve in studies of children in many research centres.

In conclusion, our data demonstrated that GATA3 expression on T cells is decreased in STRA children
and seems to be associated with lower small airway lung function. In addition, we found a significant
reduction in cells that double expressed GATA-3 and RORyt. Our results add important information on
T cell markers in children with severe asthma, and may contribute to treatment decision and further

mechanistic studies in this group of patients.
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ABBREVIATIONS USED

STRA - Severe therapy-resistant asthma

PBMC- Peripheral Blood Mononuclear Cells.

IL: interleukins

FEF.s.75. forced expiratory flow at 25—-75% of forced vital capacity (FVC)
FEV1= forced expiratory volume in 1 second,;

FVC= forced vital capacity.

LABA: long-acting beta-2 agonist.

ISAAC: International Study of Asthma and Allergies in Childhood

ERS/ATS: European Respiratory Society and American Thoracic Society

FIGURES LEGENDS

Figure 1: Representative plots of gate strategy for analysis of CD4"GATA-3" and CD4"GATA-
3"RORVyt" cells from a sample of a healthy control child, a child with non-severe asthma and a child

with STRA.

Figure 2. Children with STRA present a lower percentage of CD4"GATA-3" cells. PBMC were
collected from 35 healthy controls children (0), 118 children with non-severe asthma (1) and 11 chil-
dren with STRA (2). The expression of master regulator transcriptional factors (MRTF), GATA-3, T-bet,
RORYyt and FoxP3, was analysed in CD4 T cells by flow cytometry. Graphs show the median percent-

age and the interquartie range of (A) CD4'GATA-3" (p<0.0001**); (B) CD4'CD25'FoxP3"
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(p<0.0001***); (C) CD4'T-bet’; (D) CD4'RORyt"; (E) CD4'GATA-3'RORyt" (p<0.0001***); (F)
CD4'RORyt'T-bet” cells; (G) CD4'CD25'FoxP3'RORyt"; (H) CD4'CD25'FoxP3'GATA-3"; (I)
CD4'CD25'FoxP3'T-bet”; (J); CD4'GATA-3'T-bet” cells. Kruskal-Wallis test was used followed by
Dunn post-test for comparing the groups. (K) Correlation between FEF,s5, and the frequency of

CD4'GATA3" cells in STRA children (Spearman)

Figure 3. Children with STRA present a distinct expression of major transcription factor com-
paring to non-severe asthma. PBMC were collected from 35 healthy children, 118 children with non-
severe asthma and 11 children with STRA. The expression of lineage specific transcriptional factors
(GATA-3, T-bet, RORyt and FoxP3) was analysed in CD4 T cells by flow cytometry. To compare non-
severe and STRA children, data from the transcriptional factor analysis were categorized in above or
below the median of healthy controls. (A) Graph shows the percentage of children with asthma with
median of the cells above healthy controls (Qui-square test was used for comparing the groups).
Graphs shows the percentage of children with median of (B) un-stimulated cells, and (C) stimulated
cells with anti-CD3 and anti-CD28 during 24hs above healthy controls (Qui-square test was used for

comparing the groups).
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Table 1: Clinical characteristics of asthmatic children and healthy controls.

Healthy controls Non-severe asthma STRA p value
(n=35) (n=118) (n=11)

Age, years, mean = SD 11.22 +1.17 11.19+1.09 10.10 + 3.13 0.730
Gender, male, (%) 14 (40.0%) 63 (53.3%) 4 (36.4%) 0.255
Atopy, n (%) 22 (62.9%) 89 (75.4%) 9 (81%) 0.218
Passive smoking, n (%)* 11 (31.4%) 53(41.08%) 5 (45.5%) 0.264
CDA T cells, 27.31 +10.53 29.75+11.15 27.96 + 9.95 0.304
mean percentage +SD

Lung function

FEV, z-score, mean +SD 0.12 +0.89 -0.04 +1.02 -0.85 +1.79 0.065
FVC z-score, mean +SD 0.01+0.94 0.28+1.10 -0.17+ 1.48 0.281
FEF,s 75 z-score, mean £SD 0.26 £ 0.80 -0.47+ 1.00 -0.32+1.13 0.001
Medications, n (%)

Inhaled steroids” - 61 (52.1%) 11 (100%) 0.001
LABA - 92 (73.64%) 11 (100%) 0.075
Oral steroids® - - 4 (36.4%) 0.171
Omalizumab - - 6 (54.5%) -
Exacerbations per year, n (%)

0 35 (100%) 15 (12.7%) 0 (0%) 0.001
1-3 0 (0%) 62 (52.5%) 0 (0%)

3-12 0 (0%) 34 (28.8%) 1 (12.5%)

>12 0 (0%) 7 (6%) 8 (87.5%)

FEV,=forced expiratory volume in 1 second;

FVC= forced vital capacity;

FEF.s.75= forced expiratory flow between 25% and 75% of vital capacity
LABA: long-acting beta-2 agonist.
STRA: severe therapy-resistant asthma
# Range of inhaled corticosteroid dose for STRA between 400-1000 mg/day
§ Range of oral steroids dose between 5-10 mg in alternative days

* Passive smoking was assessed by parent report
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