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Inhaled corticosteroids (ICS) are one of the most commonly used asthma therapies and have highly variable
treatment success. Polymorphisms in TBX21, a gene important for the biological action of corticosteroids,
could be associated with treatment response in asthmatics. We genotyped for rs9910408 in TBX21

in 208 adult asthmatic patients, treated at least 3 years with ICS. Polymorphism rs9910408 was associated
with response to ICS treatment. When treatment success was assessed by a decrease in bronchial
hyperresponsiveness (BHR), the frequency of AA genotype was significantly higher in good responders (P =
0.049). This genotype related response was even more evident in the subgroups of non-smokers (P = 0.008)
and in non-atopic patients (P = 0.009). AA genotype was overrepresented among good responders
according to changes in FEV1 in the subgroups of non-smokers (P = 0.013) and in non-atopic patients (P =
0.048). Our results showed that treatment response to ICS, assessed as changes in BHR and FEV1, is
associated with TBX21.

sthma is a widespread disease affecting more than 300 million people worldwide. The most effective

controller therapy in the treatment of asthma is considered inhaled corticosteroids (ICS). Because of large

inter-individual variability and highly repeatable individual treatment response to ICS, it is reasonable to
postulate a genetic basis for this heterogeneity'. It would be helpful to identify patients at risk for poor response
because they and patients with possible adverse reactions to ICS would be candidates for novel, target-specific
therapies. Several studies have evaluated the associations of longitudinal change in lung function or bronchial
hyperresponsiveness (BHR) with single nucleotide polymorphisms (SNPs) in the candidate genes important for
the biological action of corticosteroids*°.

Characteristics of asthma are airway inflammation and hyperresponsiveness, reversible airway obstruction,
and airway remodeling. Airways in asthma are infiltrated by Th2 lymphocytes. Conversely, in T cells from the
airways of asthmatic patients, reduced expression of the Thl transcription factor T-bet (TBX21, T-box 21) has
been observed in comparison with those from airways of nonasthmatics’. TBX21 serves as a regulator of Thl
development both by inducing IFN-v production and by inhibiting Th2 cytokines interleukin IL-4, IL-5, and IL-
13% Gene knockout mice lacking TBX21 spontaneously develop histological and physiological features of asthma,
including bronchial hyperresponsiveness (BHR)’. Because BHR is moderated by the use of ICS in asthma, it is
conceivable that genetic variation in TBX21 may alter asthma phenotypes and treatment response to ICS>.

The question of possible involvement of genetic variants in the TBX21 gene on bronchial hyperresponsiveness
and response to ICS treatment has been addressed in only a few studies. Raby et al’. reported on an association of
SNP 159910408 (c.-7947) in TBX21 with bronchial hyperresponsiveness in children. The association between
rs9910408 and BHR was replicated in a cohort of adults: older men with BHR’.

Furthermore, Tantisira et al’. demonstrated significant improvement of PC20 for methacholine with ICS
treatment of asthmatic children that had a functional variation in TBX21, coding for replacement of histidine
33 with glutamine. However, no association between H33Q and changes in forced expiratory volume in 1 second
(FEV1) was observed after either 1 year or 4 years of therapy. A limitation of this study was that the minor allele
frequency of this variant was only 4.5% and no minor homozygotes were observed.

The aim of our study was to further determine whether improvements in lung function (change in FEV1),
decrease of BHR, and subjective assessment of therapy success or changes in the Asthma Control Test (ACT)"
and Asthma Quality of Life Questionnaire (AQLQ)"" scores are associated with polymorphism rs9910408 in the
TBX21 gene in adult patients after at least 3 years of treatment with ICS.
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Table 1 | Clinical characteristics of patients with asthma
ALL EVER - NON- ICS ALONE  ICS + LABA

CHARACTERISTICS PATIENTS  ATOPIC NON-ATOPIC  SMOKERS SMOKERS recipients recipients p-value?

Subijects, n (%) 208 90(43) 118(57)  53(254) 155(74.6) 121(58) 87(42)

Age, years, mean (SD) 43(14)  36(13)  49(12)  44(14)  43(15  42(15  45(13)

Male sex, n (%) 70 (43)  41(46) 29 [24) 25(47)  45(29) 31 (26) 39 (45)

%PREDICTED FEV1, median (IQR)

At baseline 84(18) 88(19) 83120  79(17) 87 (19) 88 (15) 76 (21)

Change after 3 months of 5(9) 5(10) 6(9) 5(7) 5(9) 4(9) 6(9) <0.0001
treatment '

Change after > 3 years of 4(9) 400 48) 4(9.5) 409) 41(6.5) 5(11)  <0.0001
treatment '

PD20 mg at baseline, 0.65(1.09) 0,56 (1.10) 0.69 (1.09) 0.48(0.87) 0.71(1.20) 1.00(1.41) 0.44(0.73)
median (IQR)

PD20 mg change after >3  1.20(2.35)1.27(0.52) 1.16(2.13) 1.07 (2.48) 1.21(2.36) 1.27(2.05) 0.91(2.83) <0.000]

years of freatment, median (IQR) 2

ACT at baseline, median (IQR) 137)  15(8) 12(5) 1151625 13(8) 14 (8) 12 (7)

ACT, change after > 3yearsof 7 (¢) 7 (6.5) 8 (5) 7 (5) 7 (5) 7 (6) 7 (6) <0.0001
treatment, median (IQR) °

AQLQ at baseline, median (QR) 117 (61.5) 125(67)  111(54)  110(59.5) 119(61)  118(67) 112 (58)

AQLQ, change affer > 3years 51 (46.5) 50(53.5) 51(40)  52(54.5) 51(44)  51(d6)  51(52) <0.0001
of treatment, median (IQR) 2

'The change from baseline in the % predicted FEV1 after 3 months and after > 3 years of freatment.

2The change from baseline PD20 in mg after > 3 years of freatment.

3The change in ACT questionnaire and in AQLQ questionnaire scores affer > 3 years of treatment.

“Significance of changes from baseline for the entire group of 208 patients (Wilcoxon matched-pairs signed rank test).

Results

When analyzing the entire group of asthmatic patients, all para-
meters of asthma treatment outcome that were monitored (change
in FEV1, change in PD20 for methacholine, and also in ACT and
AQLQ scores after at least 3 years of treatment) showed a significant
improvement (P < 0.0001, Table 1). However, large inter-individual
variation in response to ICS was observed (Figure 1).

Among the genotyped patients for rs9910408 in the TBX21 gene,
73 (35.1%) were major AA homozygotes, 111 (53.4%) were hetero-
zygotes, and 24 (11.5%) were minor GG homozygotes, similar to the
CEU population. The genotype distribution of the polymorphism
analyzed was in Hardy-Weinberg equilibrium.

In the pharmacogenetic analysis, the patients were first stratified
according to changes in BHR into good and poor responders after at
least 3 years of ICS treatment (alone or in combination with LABA),
as described in the Methods section. When the additive genetic
model was assessed, genotype AA in TBX21 was associated with a
greater decrease of BHR compared to the GG genotype (P = 0.049,
OR = 2.74, 95% CI 1.06-7.06) in the entire group of patients (N =
208; Figure 2). The AA genotype frequency in good responders was
40% compared to 27% in patients with poor response, and there were
no differences in BHR between patients with the AA and GG geno-
types when therapy was first applied.

The association between the decrease in BHR and rs9910408 in
TBX21 was even stronger in the subgroup of asthmatic never-smo-
kers, using the additive genetic model (AA vs. GG; P = 0.008, OR =
5.26,95% CI 1.65-16.69, Figure 2) as well as the recessive model (AA
vs. AG + GG; P = 0.004, OR = 2.81,95% CI 1.38-5.71) or dominant
model (AG + AA vs. GG; P = 0.039, OR = 0.33, 95% CI 0.12-0.95).
Furthermore, this association was also evident in the subgroup of
non-atopic asthmatic patients, in which the AA genotype was over-
represented among good responders in comparison to the GG geno-
type (P = 0.009, OR = 9.33, 95% CI 1.72-50.63, Figure 2). The
association between BHR and rs9910408 in TBX2I in non-atopic
patients was also evident when using the recessive model (AA vs.
AG + GG; P = 0.049, OR = 2.33, 95% CI 1.04-5.24) or dominant
model (GGvs.AG + AA; P=0.019,OR = 0.17,95% CI 0.033-0.82).

Next we addressed the question of a possible association of TBX21
polymorphism rs9910408 and treatment outcome as monitored by
changes in FEV1. When we stratified the patients into groups with
good and poor response according to changes in FEV1 after at least 3
years of ICS treatment (alone or in combination with LABA), no
differences in genotype distribution were evident when the entire
group of patients was analyzed. However, similar to the analysis of
BHR, in the subgroup of never-smokers as well as in the subgroup of
non-atopic asthmatics, the AA genotype was overrepresented in the
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Figure 1| Distribution of changes in FEV1 (a) and PD20 (b) in response to ICS therapy, showing large inter-individual variations.
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Figure 2 | The distribution of genotypes in TBX21 gene in patients stratified to good and poor responders according to changes in PD20 after at least 3
years of ICS treatment in the entire group, in non-smokers and in non-atopic patients.

group of good responders. Patients without a smoking history with
rs9910408 in the AA genotype had a greater improvement of FEV1
after at least 3 years of therapy in comparison to patients with the GG
genotype (P = 0.013, OR = 5.78, 95% CI 1.49-22.37, Figure 3). The
association was also statistically significant when using the recessive
genetic model (AA vs. AG + GG; P = 0.019, OR = 3.30, 95% CI
1.18-9.22).

In non-atopic patients, the association between improvement in
FEV1 and polymorphism in TBX21 was significant using the additive
genetic model (AA vs. GG; P = 0.048, OR = 8.14,95% CI 1.14-57.98,
Figure 3) and marginally significant when using a recessive model
(AA vs. AG + GG; P = 0.051, OR = 4.52, 95% CI 0.98, 20.89).

When stratifying patients into good and poor responders accord-
ing to the improvement in questionnaire scores (ACT and AQLQ),
no association between improvement in the ACT score and SNP
rs9910408 in TBX2I was evident. However, the only association
between improvement in the AQLQ score and rs9910408 in
TBX21 was in the subgroup of non-atopic asthmatics, where this
association was statistically significant using the additive genetic
model (AA vs. GG; P = 0.037, OR = 23.82, 95% CI 1.05-542.70)
as well as the recessive genetic model (AA vs. AG + GG; P = 0.050,
OR = 9.77, 95% CI 0.55-173.80).

Discussion
To our knowledge, this is the first report describing the association of
rs9910408 polymorphism in the TBX21 gene with improvement of

bronchial hyperresponsiveness, FEV1, and quality of life in adult
asthmatics treated with ICS. Altogether, our results indicate that
adult asthmatic patients with the AA genotype in rs9910408 in
TBX21 benefit considerably from ICS treatment. Those patients
had a better therapeutic response compared to GG homozygotes as
well as heterozygotes, suggesting that asthmatic airway inflammation
in homozygotic AA patients is more effectively reduced by ICS
treatment.

ICS are one of the most important asthma therapies, although the
treatment success is highly variable. The reason for poor response in
some patients is likely to be multifactorial, depending on phenotype
and environmental exposure, and investigation of potential genetic
determinants for ICS responsiveness is also recommended®. TBX21 is
one of the potential pharmacogenetic candidate genes, encoding a
transcription factor important for regulation of Th1 differentiation'?,
and could have important role in asthma pathogenesis because gene
knockout mice develop features of asthma, including BHR”. Reduced
TBX21 expression in CD4 lymphocytes in asthmatic airways leads to
Th2 cytokine production (IL-4, IL-5, and IL-13)”. Our results sup-
port observations that these cytokine profiles are similar among
patients with atopic and non-atopic (or “intrinsic”) asthma'>'. IL-
13 seems to be the most important of them because of mediation of
eosinophil recruitment, BHR, and mucus hypersecretion, even in the
absence of IL-4 and IL-5. A local blockade of IL-13 by intranasal
administration of blocking antibodies in T-bet-deficient mice re-
duces airway inflammation, BHR, and subsequent airway remodeling'’.
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Figure 3 | The distribution of genotypes in TBX21 gene in patients stratified to good and poor responders according to changes in FEV1 after at least 3
years of ICS treatment in the entire group, in non-smokers and in non-atopic patients.
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Table 2 | TBX21 rs9910408 genotype frequencies in good and poor responders after > 3 years of treatment

ICS ALONE ICS + LABA

TBX21 19910408 ALLPATIENTS ATOPIC NONATOPIC o oFRS  NON-SMOKERS  recipients  recipients
Response genotype (n, %) (n, %) (n, %) (n, %) (n, %) (n, %) (n, %)

%FEV1  good AA 65(37.8) 27(38.0) 38(37.6) 12(267)  53(41.7)  37(39.8) 28 (35.4)

change AG 89(517) 33(465) 56(55.4) 26(57.8) 63 (49.6)  45(48.4)  44(557)
GG 18(10.5) 11(15.5)  7(7.0) 70155 11(87) 11(11.8)  7(89)

poor AA 8(222) 6(31.6 2(11.8)  3(37.5) 5(17.9) 7(250  1(12.5)

AG 22(61.1) 10(52.6) 12(70.6)  5(62.5)  17(60.7)  16(57.1)  6(75.0)

GG 6(167) 3(15.8) 3(17.6)  0(0.0) 6(21.4) 50179  1(12.5)

PD20 good AA 51(40.5) 23(39.0) 28(41.8)  8(23.5)  43(467)  28(41.8)  23(39.0)

change AG 64(50.8) 27 (45.8) 37(55.2) 21(61.8)  43(467)  31(463)  33(55.9)
GG 1187 90152 2(3.0) 5(14.7) 6(6.6) 8(119)  3(5.1)

poor AA 22 (26.8) 10(32.3) 12(23.5) 7(36.9)  15(23.8)  16(29.6)  6(21.4)

AG 47 (57.3) 16(51.6) 31(60.8) 10(52.6)  37(587)  30(55.6) 17(607)

GG 13(159) 5(16.1) 8(157)  2(10.5  11(17.5) 8(148)  5(17.9)

ACT score  good AA 61(34.3) 24(32.9) 37(352) 12(26.1)  50(37.9)  37(349) 24(33.3)

change AG 98(55.0) 37(50.7) &1(58.1) 29(63.0)  68(51.5)  55(519)  43(59.7)
GG 19(107) 12(16.4)  7(67) 5(109)  14(10.6) 14(132)  5(7.0)

Poor AA 12(400) 9(52.9) 3(23.1)  3(42.8) 9(39.1) 7(467)  5(33.3)

AG 1343.3) 6(353) 7(53.8)  2(28.6)  11(47.8) 6(400) 7 (46.7)

GG 5(167) 2(11.8)  3(23.1)  2(28.) 3(13.1) 2(133)  3(20.0)

AQLQ good AA 68(36.4) 28(36.4) 40(36.4) 13(27.1)  55(39.6)  41(369) 27 (35.5)

score AG 100 (53.5) 38 (49.3) 62(56.4) 30(62.5)  70(50.3)  56(50,5) 44 (57.9)
change GG 19(10.1) 11(143)  8(7.2) 5(10.4)  14(101)  14(126)  5(6.6)

poor AA 5(23.8) 5(38.5  0(0.0) 2 (40.0) 3(18.7) 3(300]  2(18.2)

AG 11(52.4) 5(385) 6(75.0) 1(200)  10(62.6) 5(500)  6(54.5)

GG 5(23.8) 3(23.0) 2(250) 2 (40.0) 3(18.7) 2(200)  3(27.3)

Tantisira et al. observed decreased IL-13 production in cellular mod-
els with polymorphism in TBX21I coding for H33Q, a genetic variant
associated with better responses to ICS>. Different therapeutic res-
ponses to ICS regarding polymorphism rs9910408 in the TBX21I
gene in our study may be mediated mostly by these effects on IL-
13 cytokine production.

When analyzing the entire group of asthmatic patients, all para-
meters of asthma treatment outcome monitored (change in FEV1
(after 3 months and after at least 3 years of treatment), change in
PD20 for methacholine, ACT and AQLQ scores after at least 3 years
of treatment), showed significant improvement (p < 0.0001,
Table 1). However, large inter-individual variation in response to
corticosteroid treatment was observed, which could at least partly
be attributed to a genetic basis. Further pharmacogenetic analysis
confirmed our expectations and revealed that adult asthmatic
patients with the AA genotype in rs9910408 in TBX21 benefit con-
siderably from ICS treatment. We found a statistically significant
decrease of BHR after at least 3 years of ICS treatment in adult
patients with AA genotype compared to the GG genotype. The geno-
type related improvement in PD20 was even more evident in the
subgroups of non-smokers and non-atopic patients.

Patients with the AA genotype also had higher improvement of
FEV1 after at least 3 years of therapy with ICS in the subgroup of
non-smokers and in non-atopic patients. Furthermore, in the sub-
group of non-atopic patients, those with the AA genotype had a
markedly greater improvement in AQLQ score compared to the
GG genotype.

Although rs9910408 is located in the intergenic region, the studies
performed showed similar results of its contribution to asthma. Our
results are in line with a previous study, in which the AA genotype
was found to be associated with BHR in children and adult men’.

The levels of airway hyperresponsiveness and airway obstruction
are primarily related to the prognosis of asthma'®. As observed by
Tantisira et al>. genetic variations in TBX2I may alter treatment
response to ICS. They described a 3.5-fold greater mean increase
in log-transformed PC20 for methacholine in asthmatic children
with glutamine variants compared to those homozygous for histidine

33 TBX21 rs2240017 after 4 years of treatment with ICS. However,
the allele frequency of the minor allele H33Q was only 4.5% and no
minor homozygotes were detected. Our association study analyzed
the single nucleotide polymorphism rs9910408 in TBX21 with minor
allele frequency of 43% in the white population’.

Previous studies have shown that smoking asthmatics had a
decreased response to ICS treatment regarding changes in lung func-
tion and BHR'*. Increased production of Th2 inflammatory cyto-
kines in smokers, such as IL-4, observed in a study by Byron et al.
could be associated with this corticosteroid resistance'. In our
patients, increase of FEV1 from baseline after 3 years of treatment
in the entire group was similar in non-smokers and in (ever-)smo-
kers. However, non-smokers with the AA genotype in TBX21] had a
significantly better therapeutic response in FEV1, as well as in PD20
increase (compared to those with the GG or AG genotype), suggesting
that the heritability of the treatment response can be strongly modi-
fied by environmental factors such as smoking exposure, thus making
it difficult to determine the genetic basis of treatment response. It also
remains unclear whether smoking affects the treatment’s success itself
or whether it only modifies the disease progression.

Three previous studies found no evidence of association between
TBX21 polymorphisms and atopy among asthmatics®***'. These
findings were also confirmed in our study. However, in our pharma-
cogenetic study, non-atopic patients with the AA genotype had an
even better response to ICS than atopic patients.

In conclusion, we have shown a TBX21 rs9910408 genotype-spe-
cific treatment response in adult asthmatics after inhaled corticos-
teroid therapy. Our results suggest that rs9910408 genotypes may
allow the identification of patients that are more or less likely to
respond well to ICS therapy. However, in the future functional stud-
ies and investigation of several SNPs, among which rs9910408 in
TBX21 is a good candidate, will be needed to confirm the actual
efficacy of such a predictive test.

Methods

This study is a prospective study involving 208 adult (>18 years) patients with atopic
and non-atopic, mild to moderate persistent asthma that attended pneumological
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care at the outpatient pneumological practice. At their first visit, lung function and

methacholine challenge tests were performed. All patients showed a positive meth-

acholine test defined as a decrease of baseline FEV1 of 20% with a cumulative dose of
methacholine (PD20) less than 4 mg, and the great majority of them had normal or
near-normal spirometry testing results. All patients also underwent skin prick tests

for common allergens and completed the Asthma Control Test (ACT) and Asthma
Quality of Life Questionnaire (AQLQ). Detailed clinical and laboratory parameters

are listed in Table 1.

After the diagnosis was established, all patients started treatment with inhaled
corticosteroids (alone or in combination with long-acting beta agonists (LABA),
according to achieved asthma control). Follow-up visits with spirometry testing were
made every 3 or 6 months, with the last visit after at least 3 years of treatment (mean
4.6, SD 1.3 years). At this last time point, we also repeated the ACT, AQLQ, and
methacholine test. All spirometry and methacholine challenge testing was performed
by the same technician, with the same (dosimeter) method and equipment (Spirojet,
Provojet nebulizer, Ganshorn, Germany) to avoid bias. Patients were seated and
wearing nose clips. In atopic patients sensitized for pollens, final methacholine
challenge tests were performed in the same season of the year as the initial tests.

Definition of response. According to the response to ICS therapy (alone or in
combination with LABA), patients were divided into “poor” and “good” responders
in accordance with the American Thoracic Society (ATS) and European Respiratory
Society (ERS) interpretation of changes in PD20 and FEV1 and data from other
studies evaluating treatment response in asthma®~>°.

®  Bronchial hyperresponsiveness: When stratifying patients according to change in
BHR, poor response was defined as an increase of PD20 for methacholine that
was smaller than one doubling dose compared to the initial PD20.

®  Lung function: Poor response according to changes in FEV1 was defined as a
decrease in FEV1 by more than 30 ml/year.

®  Asthma control: Poor response was defined as less than a three-point increase in
the ACT score after at least 3 years of treatment’'.

e Asthma-related quality of life: Poor response was defined as less than a 16-point
increase from the initial AQLQ score®2.

We also analyzed the therapeutic response in the subgroups of different asthma
phenotypes (atopic and non-atopic asthma) and to smoking history ((ever-) smokers
and non-smokers). Therapeutic responses according to phenotype are listed in
Table 2.

The study was approved by the Slovenian national medical ethics committee and
all patients gave their informed written consent.

DNA isolation and single nucleotide polymorphism (SNP) genotyping. Genomic
DNA was extracted from EDTA-containing whole blood samples, using a QlAamp
DNA Blood Mini Kit (Qiagen, Hilden, Germany) according to the manufacturer’s
instructions. The genotypes of the SNP analyzed were determined using a 5'-nuclease
allelic discrimination assay in a 96-well format.

Primers and probes were purchased from Applied Biosystems (Foster City, CA,
USA) for SNP genotyping assay rs9910408 in TBX21. Allelic discrimination assays
were performed in 5 pL reaction volumes, using approximately 5 ng of DNA as a
template, 2X TagMan Fast Advanced Master Mix, and the predesigned SNP geno-
typing assay provided by Applied Biosystems. The temperature conditions for the
PCR were set at 50°C for 2 minutes and 95°C for 20 seconds, followed by 40 cycles at
95°C for 3 seconds and at 60°C for 30 seconds. Genotyping of the amplified PCR
products was determined on the basis of the differences in VIC and FAM fluorescent
levels, using the ABI Prism 7500 Fast Real-Time PCR system (system instrument
equipped with SDS v2.0.5 software; Applied Biosystems).

Statistical analysis. The Hardy-Weinberg equilibrium was tested using the chi-
squared test for the goodness-of-fit (one degree of freedom) model. Data distribution
was evaluated by the D’Agostino-Pearson test. Parametric statistics (paired and
unpaired ¢-tests) were used on normally distributed data, and non-parametric
statistics (the Mann-Whitney, Wilcoxon, and Kruskal-Wallis tests) were used if the
distribution deviated from normal.

Genotypic distribution and allelic frequencies in “poor” and “good” responders
(with regard to change from baseline in FEV1, changes in PD20 for methacholine,
and in ACT and AQLQ scores after at least 3 years of therapy) were compared using
the chi-squared test calculated on contingency tables. Odds ratios (ORs) with 95%
confidence intervals (95% CIs) were calculated using the same test. We used
GraphPad Prism software (version 6.0 for Windows; GraphPad Software, San Diego,
CA, USA). A p-value of less than 0.050 was accepted as statistically significant.
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