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Periostin as an important biomarker of
inflammatory phenotype T2 in Brazilian
asthma patients
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ABSTRACT

Objective: The aim of this study was to assess the laboratory performance of periostin
associated with a panel of biomarkers to identify the inflammatory phenotype of
Brazilian asthma patients. Methods: \We evaluated 103 Brazilian individuals, including 37
asthmatics and 66 nonasthmatic controls. Both groups underwent analyses for serum
periostin, eosinophil levels in the peripheral blood, the fraction of exhaled nitric oxide
(FeNO), total serum IgE, urinary leukotriene E,, and serum cytokines. Results: Higher
levels of periostin (p = 0.005), blood eosinophils (p = 0.012), FeNO (p = 0.001), total IgE
(p < 0.001), and IL-6 (p < 0.001) were found in the asthmatic patients than the controls.
Biomarker analyses by the ROC curve showed an AUC greater than 65%. Periostin (OR:
12,550; 95% Cl: 2,498-63,063) and IL-6 (OR: 7,249; 95% CI: 1,737-30,262) revealed
to be suitable asthma inflammation biomarkers. Blood eosinophils, FeNO, total IgE, IL-
6, TNF, and IFN-y showed correlations with clinical severity characteristics in asthmatic
patients. Periostin showed higher values in T2 asthma (p = 0.006) and TNF in non-T2
asthma (p = 0.029). Conclusion: The panel of biomarkers proposed for the identification
of the inflammatory phenotype of asthmatic patients demonstrated good performance.
Periostin proved to be an important biomarker for the identification of T2 asthma.
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INTRODUCTION

Asthma is a chronic inflammatory disease characterized
by hyperresponsiveness of the lower airways and variable
airflow limitations that are reversible spontaneously or
with treatment. Considered one of the most prevalent
chronic diseases in the world, asthma is directly and
indirectly responsible for various medical and productive
losses, 2 with Brazil being one of the countries with the
highest prevalence.G4

The diagnosis of asthma is clinically based on the
presence of compatible symptoms associated with
variable airflow limitations and demonstrations of airway
hyperresponsiveness.>® Among asthma patients, there is a
subgroup of individuals who have difficult-to-treat asthma.
Although these patients use high doses of medication
to control their symptoms, they exhibit attributes that
hinder control, such as behavioral factors, low adherence,
incorrect inhaler techniques, environmental or occupational
exposure, and the presence of comorbidities.” A smaller
subgroup of these patients have severe asthma. These
individuals lack adequate symptom control, even when
alternative diagnoses are excluded, comorbidities are
treated, triggers are removed, and treatment adherence
is satisfactory; they represent around 1 to 4% of the
general population of asthmatics.®

Several immunobiological options are currently available
for the treatment of severe asthma. For a target-specific

approach among the existing options, the identification of
the inflammatory phenotype is fundamental.*® Among
the inflammatory phenotypes, the most frequent is
type 2 (T2) inflammation, which is characterized by the
presence of type 2 T-helper cells (Th2) or innate immune
cells (ILC-2) and manifests as airway and/or systemic
eosinophilia.?

All immunobiological agents approved for use are directed
to the treatment of T2 asthma, which can be identified
through available biomarkers such as eosinophils in the
peripheral blood (blood eosinophils) and total serum
immunoglobulin E (total IgE), eosinophils in induced sputum
(sputum eosinophils), and the fraction of exhaled nitric
oxide (FeNO).(*? New biomarkers for the differentiation of
T2 asthma have been proposed, such as serum periostin
and urinary leukotriene E, (LTE,).3'% There are also
studies investigating the use of cytokines involved in the
inflammatory pathways of Th1 and Th17 cells, such as IL-6,
TNF, and IFN-y, as biomarkers for non-T2 asthma.(*>-17")

The 2021 Global Initiative for Asthma (GINA) guidelines
recommend the identification of at least one of the
following findings for the establishment of T2 asthma:
(1) blood eosinophils = 150 cells/uL and/or (2) FeNO
> 20 ppb and/or (3) sputum eosinophils = 2% and/
or (4) allergy-induced asthma and/or (5) the need for
maintenance therapy with oral corticosteroids (OC). If
necessary, the values of eosinophils in the blood and
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FeNO should be measured at least 3 times under the
lowest possible dose of oral corticosteroids.®

Currently, the routine services of clinical laboratories
are widely available for the quantification of total serum
IgE and blood eosinophils, but lack methodologically-
directed validation in the clinical context of asthma.
There is also no service that provides quantifications
of FeNO, periostin, and LTE, for use in clinical practice.
The quantification of sputum eosinophils is an ideal test
for asthma phenotyping; however, it is a complex and
difficult-to-apply technique in the clinical routine.® The
availability and accessibility of other biomarkers are
essential, not only aiming at the replacement of less
useful biomarkers but also for the complementation of
information on the inflammatory phenotype of patients.
In this sense, a more complete panel of biomarkers may
be useful.(121%29) To this end, it is crucial that clinical
laboratories validate these trials in the clinical context
of asthma to determine the analytical performance of
tests for this purpose.

In view of the above, the aim of the present study
was to evaluate the analytical performance of a panel
of biomarkers to identify the inflammatory phenotype
in a group of asthmatic patients in Brazil.

METHODS

This cross-sectional, observational, analytical study
was duly registered in Plataforma Brasil under CAAE No.
73640917.8.0000.5479 and approved by the Research
Ethics Committees of the Irmandade da Santa Casa
de Misericérdia de Sdo Paulo and Fleury Group. All
participants signed a free and informed consent form.

The present study included Brazilian individuals
aged above 18 years old from two different centers:
patients diagnosed with severe asthma according to
the international criteria described in the ATS/ERS
guidelines,?Y who were followed up at the severe asthma
outpatient clinic of the Irmandade da Santa Casa de
Misericdrdia de S&o Paulo, and patients with nonsevere
asthma and control individuals, employees of the Fleury
Group company, who volunteered to participate through
an internal communication of the research project.
The sample size was estimated following the CLSI
(Clinical & Laboratory Standards Institute) EP09-A3
guideline, which determines a minimum requirement
of 40 samples for user-conducted verification.

Patients and controls were recruited from February
2019 to May 2021. The patients were instructed not to
discontinue ongoing treatment since the assessment
was not interventional and did not address a specific
treatment. For inclusion in the nonsevere asthma
group, patients previously diagnosed by a specialist,
who had asthma attacks during adulthood, and who
did not meet the criteria for severe asthma by clinical
history and the medications used for symptom control
were accepted. The control group was determined by
sex pairing with the asthma group.

All study participants (patients and controls) were
evaluated regarding obesity (BMI calculation), allergy
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to inhalant antigens (detection of specific IgE against
house dust, mites, grass pollen, animal epithelium and
proteins, and/or fungi), and whether they had any of
the following comorbidities: sleep apnea, bronchiectasis,
atopic dermatitis, chronic urticaria, nasal polyposis,
chronic rhinosinusitis, vocal cord dysfunction, or
autoimmune diseases.

Asthmatic patients were evaluated concerning the
history of the disease (late-onset asthma was defined as
the onset of symptoms in adulthood), the drugs in use for
categorization of the treatment stage according to GINA,
asthma control through the Asthma Control Test (ACT),
and pulmonary function by analyzing the values of forced
vital capacity (FVC) and forced expiratory volume in the
first second (FEV,) of predicted (prior to bronchodilator
use) spirometry (Koko® PFT Spirometer, nSpire Health
Inc, Longmont, CO, USA) results, performed according
to the quality and reproducibility criteria of ATS/ERS. %
T2 asthma was defined when patients presented with
both biomarkers: blood eosinophil values > 150 cells/
pL and FeNO > 20 ppb.

Quantifications of total and specific IgE were
conducted using automated immunofluorimetry and
electrochemiluminescence platforms, and the results
were expressed as kilo units per liter (kU/L). Blood
eosinophil levels, expressed as cells per microliter
(cells/uL), were determined by fluorescent flow
cytometry and impedance, with confirmation of counts
and morphological analysis performed by microscopy
when applicable.

The quantification of serum periostin was carried
out by enzyme-linked immunosorbent assay (ELISA)
using the Human Periostin/OSF-2 kit (R&D Systems
Inc, Minneapolis, MI, USA), and the results were
expressed as nanograms per milliliter (ng/mL). FeNO
quantification tests were performed according to the ATS/
ERS recommendations®® using a NIOX-MINO® device
(Circassia AB, Uppsala, Sweden) and expressed as parts
per billion (ppb). LTE4 quantification was conducted by
competitive ELISA with the Leukotriene E4 ELISA Kit
(Cayman Chemical, Ann Arbor, MI, USA). The LTE4 results
were normalized by the serum creatinine concentration in
the sample and expressed as picograms per milligram of
creatinine (pg/mg Cr). As for the inflammatory cytokines
IL-6, TNF, and IFN-y, they were quantified using the
BD™ Cytometric Array Human methodology (CBA) (BD
Biosciences, San Diego, CA, USA) and expressed as
picograms per milliliter (pg/mL). IL-6 was evaluated in
the asthmatic patients and controls, and TNF and IFN-y
were analyzed only in asthmatic patients.

The distributions of the numerical variables
were assessed using the Kolmogorov-Smirnov and
Shapiro-Wilk tests. In cases of nonparametric data
distribution, the Mann-Whitney test was used for
two-group comparisons, and the Kruskal-Wallis test
was used for three-group comparisons. For categorical
variables, frequency interactions were analyzed by
Fisher’s chi-square or exact test. The ROC curve was
used to measure test performance as a discriminator
of asthmatics and controls. The inference of the
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predictor variables of the inflammatory phenotype
was performed by bivariate log regression using the
linear regression method.

The analyses were conducted using the IBM SPSS
Statistics software (version 20.0), and the graphs
were generated using the GraphPad PRISM software
(version 5.01).

It was not possible to quantify all variables for all
samples due to volume limitations or unavailability;
however, this loss did not significantly impact any
variable. The final sampling in each analysis is detailed
in the Tables and Figures below.

RESULTS

Data collection was performed in 103 individuals,
37 (36%) of whom were asthmatic patients and 66
(64%), nonasthmatic controls. Of the 37 asthmatic
patients, 15 (40.5%) were severe asthmatics who were
followed up at the Severe Asthma Outpatient Clinic of
the Irmandade da Santa Casa de Misericordia de Sdo
Paulo, while 22 (59.5%) were patients with nonsevere
asthma who were employees of the Fleury Group. The
demographic data of the patients are shown in Table 1.

Comparative analysis of biomarkers in the
asthma patients and control subjects

In order to evaluate the analytical methods used for
biomarker quantification, the values obtained from
the asthmatic patients were compared to those of
the controls. Figure 1 illustrates the results obtained
in this analysis, as well as the statistical significance
found in each comparison. Higher values of blood
eosinophils (p = 0.012), FeNO (p < 0.001), IgE (p <
0.001), periostin (p = 0.005), and IL-6 (p < 0.001)
were observed in the asthmatic patients compared to
the controls; however, there was no difference in LTE,
values (p = 0.353).

Verification of the analytical performance
of the biomarkers

In order to establish the cutoff points of optimal
analytical performance regarding the methods evaluated

Table 1. Demographic data stratified by group.
Variables

Sex (% women)?

Age (years)®

BMI (kg/m?)°

Allergy (specific IgE)?

Other comorbidities?
Late-onset (adult asthma)?
ACT®

Exacerbations (previous year)?
FVC (% of predicted)®

FEV, (% of predicted)®

Steps 4 and 5 GINA treatment?
Use of OC?

Asthmatics (n = 37)

in the context of asthma, biomarkers that presented
significantly higher levels in asthmatic patients were
evaluated by ROC curve analysis to assess sensitivity
and specificity. Samples with missing data were excluded
from the analyses. The results showed a statistically
significant curve for all biomarkers analyzed, with an
area under the curve (AUC) greater than 65%. The
obtained curves are represented in Figure 2.

Table 2 describes the results of the ROC curve, as well
as the cutoff points of best analytical performance for
each biomarker, including sensitivity when specificity
was above 90%.

Binary logistic regression analysis was performed
to determine whether the association of biomarkers
would contribute to better sensitivity in the clinical
context of asthma. To that end, the biomarkers were
categorized according to the cutoff points established
as positive (above the cutoff point) and negative
(below the cutoff point). Periostin (OR: 12,550; CI
95%: 2,498-63,063) and IL-6 (OR: 7,249; 95% CI:
1,737-30,262) were significant asthma predictors,
whereas the other biomarkers were not.

Analysis of the interference of
comorbidities on biomarker values

In order to analyze the interference of comorbidities
on the biomarker values, the control group was stratified
regarding the presence of allergies, obesity, and the
presence of one or more comorbidities associated with
worse prognoses in asthma (sleep apnea, bronchiectasis,
atopic dermatitis, chronic urticaria, nasal polyposis,
chronic rhinosinusitis, allergic rhinitis, or vocal cord
dysfunction). None of the comorbidities was associated
with high biomarker values (Table S1)

Comparative analysis of biomarkers in
asthmatic patients according to clinical
characteristics and phenotypes

In order to assess the association between the
biomarker values and the patients’ clinical data, the
asthma group was analyzed separately regarding the
clinical variables studied.

Controls (n = 66)

27 (73%) 49 (74%)
39 (33.5 - 54.0) 33 (27.8 - 38.3)
28 (23 - 33) 25 (23 - 29)
30 (81%) 26 (39%)

19 (51%) 23 (35%)

15 (41%) -
20 (16 - 23)

9 (24%)
90 (73 - 100)
80 (55 - 92)

17 (46%)

5 (14%)

BMI: Body mass index (kilograms per square meter); IgE: Immunoglobulin E; ACT: Asthma control test; FVC:
Forced vital capacity; FEV,: Forced expiratory volume in the first second; GINA: Global Initiative for Asthma; OC:
Oral corticosteroids. 2Number of cases (%); "Median (Interquartile range 25 - 75).
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Figure 1. Biomarkers in asthmatic and control patients. Vertical boxes represent the interquartile intervals 25 - 75. The
centerlines represent the medians and the stems indicate the lower and upper limits. Dots represent outliers. FeNO:
Fraction of exhaled nitric oxide; LTE,: Urinary leukotriene E,; IL: Interleukin; IgE: Immunoglobulin E.
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Figure 2. Receiver operator characteristic (ROC) curve
based on the values of the biomarkers in the clinical context
of asthma. Each biomarker has its own estimated curve.

Patients with more severe asthma (in higher levels
of treatment according to GINA) presented higher
values of IL-6 (p < 0.001) and IFN-y (p = 0.007) and
lower levels of blood eosinophils (p = 0.030) than
the nonsevere asthma patients. In the categorical
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assessment regarding asthma control, no differences
were found in biomarker levels in uncontrolled (ACT <
20) and controlled asthma (ACT > 20) or in asthmatics
using oral corticosteroids. As for the variables concerning
airflow limitations, lower percentages (< 80%) of FVC
were associated with higher values of IL-6 (p = 0.002)
and IFN-y (p < 0.001). Similarly, lower percentages
(< 80%) of FEV, also correlated with higher values
of IFN-y (p = 0.045).

Allergic asthma, defined as the presence of specific
IgE, presented significantly higher values of FeNO
(p = 0.008) and lower values of IFN-y (p = 0.044).
As for late-onset asthma, significantly lower FeNO
values were found (p = 0.038). The stratification of
patients according to the obesity phenotype (BMI >
30) revealed significantly higher total IgE values in
obese patients (p = 0.033) (Figure 3).

In the classification of asthma patients using the
parameters FeNO > 20 ppb and blood eosinophils >
150 cells/uL for the establishment of T2 asthma,®
periostin presented significantly higher levels in T2
asthma (p = 0.006), but not LTE, (p = 0.893) or IL-6
(p = 0.593). TNF showed lower values in T2 asthma
(p = 0.029) (Figure 4).

DISCUSSION

The primary objective of the present study was to
validate the use of a panel of biomarkers in clinical
practice and to determine the analytical performance of
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already used and new tests to identify the inflammatory
phenotype of asthma. This is of paramount importance to
physicians and patients, especially in the context of severe
asthma, in which the identification of the inflammatory
phenotype is fundamental for the implementation of

target-specific therapy.® In view of this objective, the
analytical performance (sensitivity and specificity) of
the isolated trials was verified, as well as the benefits
of offering a test panel with more information on the
pathophysiological characteristics of patients.

Table 2. Results of ROC curve analysis and analytical performance of biomarkers considering cutoff points with specificity
above 90%.

Variables AUC Standard p-value 95% confidence Cutoff Analytical
Error interval point performance
Lower Upper Sensitivity Specificity
limit limit
FeNO (ppb) 0.707 0.062 <0.001 0.586 0.828 >27 42.4% 93.9%
Blood eosinophils (cells/pL) 0.649 0.061 0.012 0.530 0.769 >275 29.7% 92.4%
Total IgE (kU/L) 0.741 0.053 <0.001 0.637 0.845 >265 40.5% 90.9%
Periostin (ng/mL) 0.669 0.058 0.005 0.555 0.782 >75 27.0% 97.0%
IL-6 (ng/mL) 0.731 0.064 0.001 0.605 0.857 >6 32.1% 91.4%
FeNO: Fraction of exhaled nitric oxide; IgE: Immunoglobulin E; IL: Interleukin.
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Figure 3. Biomarkers in asthmatic patients according to their clinical characteristics. Vertical boxes represent the
interquartile intervals 25 - 75. The centerlines represent the medians and the stems indicate the lower and upper
limits. Dots represent outliers. FeNO: Fraction of exhaled nitric oxide; IL: Interleukin; IFN-y: Interferon-gamma; FVC:
Forced vital capacity; FEV1: Forced expiratory volume in 1 second; BMI: Body mass index. (a - c) Treatment steps
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Dots represent outliers. LTE,: Urinary leukotriene E,; IL: Interleukin; TNF: Tumor necrosis factor.

Corroborating some studies in the literature,(*°:2
the values of blood eosinophils and total IgE were
higher in asthmatic patients than in the controls.
These biomarkers are currently widely used in clinical
practice and assist in the identification of eosinophilic
and allergic inflammatory phenotypes. However,
targeted analytical validation is not performed in the
clinical context of asthma by laboratories. Lower levels
of blood eosinophils were found in asthmatic patients
undergoing GINA treatment steps 4 and 5, a possible
effect of high doses of inhaled corticosteroids and
the use of systemic corticosteroids by these patients,
resulting in eosinophilic suppression.@* A previously
described albeit poorly studied finding was higher total
IgE levels in obese patients.?®

FeNO is also an important biomarker not only for
identifying the inflammatory phenotype but also as a
predictor of the response to treatment with anti-IL-4/

J Bras Pneumol. 2023;49(1):e20220040

IL-13.?7 One of the ways of determining FeNO is by
using a portable device that is easy to handle®® in
clinical practice. With the approval of this method
by ANVISA, it became possible to use this biomarker
during the management of asthma patients in Brazil.
This study corroborated findings in the literature
regarding the increased values of this biomarker in
the clinical context of asthma and shed light on its
analytical characteristics for national validation. The
correlation between FeNO and allergic and early-onset
asthma has also been previously described in the
literature, 52 reinforcing the relationship between
FeNO and T2 asthma.

Two biomarkers that are not currently used routinely
in clinical practice were also evaluated: serum periostin
and urinary LTE,; both are related to T2 asthma, (430
although urinary LTE, often shows controversial results
in the literature.*Y Periostin is a matricellular protein
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involved in different biological functions®®*? that has
been identified in asthma in the process of airway tissue
remodeling.*® Its expression is induced by IL-13, a
cytokine that plays a key role in T2 asthma response and
is involved in airway hyperresponsiveness.(**) Periostin
is used as a biomarker of T2 asthma, and its role in the
identification of good responders to corticosteroidsG®
and anti-IL-13G% has already been described. This study
not only corroborated the increase in periostin values
in the clinical context of asthma but also reinforced its
complementary role in the predictive value of the disease
when compared to the controls and its high levels in
patients with elevated blood eosinophils and FeNO (T2
asthma). Regarding urinary LTE,, no differences were
observed between the values obtained in the controls
or regarding clinical characteristics.

Another investigated biomarker, IL-6, presented
higher values in asthmatic patients than the controls
and even higher values in non-T2 asthma patients.
Similar to the other biomarkers, IL-6 may be elevated
in different clinical conditions, such as COVID-19,3%
by its known participation in chronic inflammatory
processes.”) In this study, higher IL-6 values were
also predictors of asthma and related to steps 4 and
5 of GINA treatment and lower percentages of FVC,
which directly reflect a possible relationship with the
severity of the disease. Higher values of IFN-y were
also observed in patients in higher stages of treatment,
with lower FVC and FEV,, and in nonallergic asthma,
showing possible immunological activation mediated
by Th1 cells.(*® The TNF cytokine also presented higher
values in non-T2 asthma, a fact that reinforces the
identification of other pathophysiological pathways in
these patients.

The data obtained with the ROC curves revealed
cutoff points with a better balance between specificity
and sensitivity in asthma. These points are higher than
those indicated by GINA® but closer to the cutoff,
with solid clinical applications such as FeNO > 25 ppb
for indication of treatment with anti-IL-4/IL-13?"
and blood eosinophils > 300 cell/uL with anti-IL-5/
anti-IL-5-receptor.*83° The modest sensitivity found
was expected since all the evaluated biomarkers, with

the exception of IL-6, are increased in eosinophilic
asthma, which represents most, but not all cases of the
disease.“? Regarding specificity, this cohort showed
that the presence of comorbidities associated with
difficulty controlling asthma did not significantly affect
biomarker levels. However, the number of patients
analyzed was a limitation; further studies are needed
to support this finding.

Finally, an important limitation of this study was the
absence of induced sputum collection, one of the most
important tests for the identification of the inflammatory
phenotype. With the COVID-19 pandemic, procedures
capable of releasing aerosols from respiratory material,
such as nebulization during the collection of induced
sputum, have been prohibited outside emergency
contexts. Thus, future studies with the addition of
induced sputum tests may strengthen our findings. In
addition, access to a larger sample of individuals with
severe asthma and patients of other centers in Brazil
is crucial to better evaluate the clinical applicability of
this panel, as well as outcomes related to the response
to treatment. It is possible that the lack of differences
regarding the levels of biomarkers and uncontrolled
patients was due to the small number of severe patients.

The use of a panel of biomarkers as a single test,
with technical laboratory information regarding the
validation of each examination in the clinical context of
asthma, is a fundamental approach to assist clinicians
and patients in individualized and effective treatment.
The biomarkers already consolidated in clinical practice,
together with new ones, offered jointly, could provide
reliable and accurate information for the determination
of the inflammatory phenotype of asthma, allowing
for targeted interventions that could foresee severe
symptoms and complications related to the disease.
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