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AbS’[ra ct Introduction and objective: Asthma is one of the most common chronic diseases in the paediatric population. The aim of
this study was to evaluate selected biomarkers: fractional exhaled nitric oxide (FeNO), eosinophil count, periostin; and
potential biomarkers: progranulin, matrix metalloproteinase-9 (MMP-9) and tumour necrosis factor alpha (TNFa) in the
diagnosis of asthma in children. Materials and methods: The study group consisted of 25 children with atopic asthma in
a stable period of the disease, aged 6-17 years. The control group consisted of 21 healthy children aged 6-18 years with no
history of allergic diseases. Results: Significantly higher serum periostin levels were observed in children with asthma
compared to the control group. There were no statistically significant differences in progranulin, periostin and MMP-9 levels
between asthmatic children vs. healthy controls, or between patients with controlled vs. uncontrolled asthma. Children with
uncontrolled asthma had significantly higher FeNO levels compared to children with controlled asthma. Exhaled FeNO levels
were significantly higher in children with eosinophil levels above 0.3 x 10°/uL than in those with eosinophil levels below
0.3 x 10%/pL. Children with elevated FeNO had higher progranulin levels compared to children with normal FeNO values.
There was a statistically significant positive correlation between FeNO and serum progranulin levels. Conclusions: Periostin
may be used as a biomarker of atopic asthma in children. The applicability of FeNO and eosinophil count in the diagnosis of
asthma in children has been confirmed. The role of progranulin and MMP-9 in the pathogenesis of asthma and their
usefulness as a biomarker in children requires further study.
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Streszczeni e Wprowadzenie i cel: Astma jest jedng z najczestszych choréb przewlektych w populacji dziecigcej. Celem pracy byta ocena
wybranych biomarkeréw: periostyny, stezenia tlenku azotu w wydychanym powietrzu (fractional exhaled nitric oxide, FeNO),
liczby eozynofiléw i potencjalnych biomarkeréw: progranuliny, metaloproteinazy macierzy-9 (matrix metalloproteinase-9,
MMP-9) i czynnika martwicy nowotworu alfa (tumour necrosis factor alpha, TNFa) w diagnostyce astmy u dzieci. Material
i metody: Grupe badang stanowito 25 dzieci w wieku 6-17 lat z astmg alergiczna w stabilnym okresie choroby. Do grupy
kontrolnej zakwalifikowano 21 zdrowych dzieci w wieku 6-18 lat, bez chordb alergicznych w wywiadzie. Wyniki: U dzieci
z astmg zaobserwowano istotnie wyzsze stezenie periostyny w surowicy w poréwnaniu z grupg kontrolng. Nie wykazano
istotnych statystycznie réznic w zakresie stgzen progranuliny i MMP-9 pomiedzy dzie¢mi z astma a zdrowymi, a takze wéroéd
chorych z astmg kontrolowang i niekontrolowang. W grupie dzieci z astmg niekontrolowana wartosci FeNO byly istotnie
statystycznie wyzsze niz u dzieci z astmg kontrolowang. W grupie badanej wérdd dzieci z liczbg eozynofiléw >0,3 x 10%/pl
wykazano istotnie statystycznie wyzsze wartosci FeNO w wydychanym powietrzu niz w grupie dzieci z liczba eozynofiléw
<0,3 x 10°/pl. U dzieci z astmg i podwyzszonymi warto$ciami FeNO stwierdzono istotnie statystycznie wyzsze steZenie
progranuliny w surowicy. Wykazano istotng statystycznie dodatnig korelacje pomiedzy warto$ciami FeNO a stezeniem
progranuliny w surowicy. Wnioski: Periostyna moze stuzy¢ jako biomarker astmy alergicznej u dzieci. Potwierdzono
przydatno$¢ FeNO i liczby eozynofiléw w diagnostyce astmy alergicznej w populacji pediatrycznej. Ustalenie roli progranuliny
i MMP-9 w patogenezie astmy i ich uzytecznosci jako biomarkeréw u dzieci wymaga dalszych badan.

Stowa kluczowe: astma, biomarkery, periostyna, progranulina, FeNO
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INTRODUCTION

ccording to the Global Initiative for Asthma
A(GINA) 2023 Report, asthma is a heterogeneous

chronic inflammatory airway disease, defined by
the history of respiratory symptoms, which may fluctuate
over time and intensity, accompanied by varying limitations
of expiratory airflow!".
Asthma is one of the most common chronic diseases af-
fecting both children and adults. A significant increase in
its prevalence has been found over the past few decades.
As reported by the World Health Organization (WHO),
asthma affected an estimated 262 million people in 2019
and caused 461,000 deaths®®. According to data from
the National Health Fund, there were 2.2 million (5.7%
of the population) people living with asthma in Poland
in 2019, and this number remained at a similar level as in
2013-2019. In terms of population, the highest number
of patients was observed in the age group of 6-10 years,
particularly in boys (15,200 per 100,000 children in this
age group)™@.
Asthma onset can occur at any age. In the case of allergic
asthma, medical history usually confirms symptom onset in
early childhood. According to epidemiological studies, 40%
of children with first symptoms before the age of 6 years
will development asthma. It is therefore crucial to diagnose
asthma in the youngest children®®.
In light of current knowledge, asthma is a heterogeneous
disease, which may include different, overlapping phe-
notypes. This heterogeneity made it necessary to estab-
lish different therapeutic strategies for the individual sub-
types of asthma. Many clinical studies have been devoted
to classifying patients with asthma according to pheno-
type, with the aim of improving the treatment of these
patients and correlating the different pathophysiological
airway processes”.
Phenotype describes the clinical, physiological, morpholog-
ical and biochemical features of a given disease, as well as
the response to different therapies. The term “endotype” re-
fers to the clinical picture and the underlying pathogenet-
ic mechanism®.
Allergic asthma, often co-occurring which other atopic dis-
eases, predominates in the paediatric population. Positive
skin tests, elevated titres of total immunoglobulin E, the
presence of allergen-specific IgE, features of eosinophil-
ic inflammation measured by induced sputum eosinophil
count, and a positive family history of atopic diseases are
also typical findings in allergic asthma. Patients usually re-
spond well to treatment with inhaled corticosteroids (ICS).
Due to the age-related differences in diagnostic and thera-
peutic approaches to asthma, the following paediatric age
groups have been distinguished: young children aged <5
years (the so-called early childhood asthma), 6-11 years,
and 212 years®.
Biomarkers are biological indicators allowing for qualita-
tive or quantitative assessment of various states, phenomena
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or biological features. They provide information about the
pathophysiology and the course of the underlying disease,
and can also predict patient’s response to a given treat-
ment, act as a marker of remission or disease severity.
The measurement of biomarkers can accelerate the diag-
nostic process and allow for earlier initiation of appropri-
ate therapy?.

The molecular mechanisms underlying allergic asthma
are closely related to the Th2-mediated immune response.
Blood and sputum eosinophil counts, fractional exhaled ni-
tric oxide (FeNO), serum IgE titres and periostin levels are
among the most thoroughly investigated biomarkers of the
Th2 pathwayb.

In the context of learning about new biomarkers, research-
ers’ expectations particularly focus on the development of
immunology and a more thorough understanding of patho-
physiological processes. Progranulin (PGRN), a protein
with anti-inflammatory and immunomodulatory proper-
ties, is a relatively new discovery.

Recent reports have confirmed a positive correlation
between PGRN levels and pulmonary function among
asthmatic patients, and therefore progranulin has been
proposed as a new marker of asthma severity'?. This
molecule also induces proliferation of Treg cells and
production of IL-10, which help maintain immune
tolerance?.

In recent years, data have also emerged on the role of ma-
trix metalloproteinase-9 (MMP-9) in airway wall remod-
elling¥. MMP-9 belongs to a family of proteolytic en-
zymes that contain zinc cations in their catalytic centre.
Matrix metalloproteinases and their inhibitors (tissue in-
hibitors of metalloproteinases, TIMPs) play an important
role in bronchial remodelling by affecting the function and
migration of inflammatory cells and participating in extra-
cellular matrix metabolism. MMP-9 is the predominant
MMP in asthma, and its expression is enhanced during
spontaneous exacerbations or in response to local instil-
lation of allergen in the airway!®. Its levels and/or activ-
ity are higher in asthmatic patients compared to healthy
individuals"®.

Periostin is an extracellular matrix (ECM) protein belong-
ing to the fasciclin family. Clinically, its levels are associated
with bronchial remodelling and Th2-type inflammation®?.
Expression of the POSTN gene, which encodes periostin, is
upregulated in bronchial epithelial cells by the major Th2-
type cytokines IL-4 and IL-13. In the paediatric popula-
tion, bone turnover can have a significant impact on serum
periostin, hence its levels in children are two to three times
higher than in adults"”.

Eosinophils are major effector cells in the pathophysi-
ology of asthma and an important biomarker correlat-
ing with disease severity®. They are a central factor in
Th2-driven inflammation and the predominant inflam-
matory cell type in the airways of children with severe
asthma. Although no standard cutoff value for eosin-
ophilic inflammation has been set, a blood eosinophil
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count of about 300 cells/uL or a sputum eosinophil
count >2-3% of the total cell count is used as a thresh-
0ld®%2), Peripheral eosinophilia is considered a predic-
tor of response to asthma treatment, immunotherapy in
particular®?.

FeNO is considered a surrogate marker of eosinophilic
airway inflammation. It is used to monitor the severity of
airway inflammation and as a predictor of corticosteroid
response®.

An important role in asthma is attributed to regulatory
T-cells (Tregs). They are essential in maintaining unrespon-
siveness to self-antigens and suppressing exaggerated im-
mune responses to external antigens. Tregs secrete TGF-3
and IL-10 and downregulate Th2 cells®*.

They are characterized by the expression of the tran-
scription factor forkhead box protein P3 (FOXP3),
which is probably responsible for their basic functions®®.
Asthmatic patients have been observed to have fewer pe-
ripheral Tregs®®. It has therefore been suggested that
a deficit and/or dysfunction of these cells may be related
to the development of asthma®”.

MATERIALS

The study was conducted between May 2018 and August
2021. The study group included 25 asthmatic children
aged 6-17 years (mean 10.5 + 3.2 years), admitted to
the Department of Paediatrics, Paediatric Nephrology
and Allergology of the Military Institute of Medicine —
National Research Institute in Warsaw. There were 19 boys
and 6 girls in this group. In all cases, asthma was diag-
nosed based on the GINA criteria. Children with con-
firmed atopy (elevated total IgE and/or positive skin prick
tests) were included in the study. The patients were treat-
ed with inhaled GCs, antileukotrienes and beta2-adrener-
gic agonists at different doses; the use of inhaled GCs was
a common feature and a mandatory criterion. Patients did
not present features of airway infection at the time of the
study, and the interval between the study and the last asth-
ma exacerbation was >30 days.

The control group comprised 21 healthy children aged
6-18 years (mean 11.8 + 4.2 years) with no history
of allergic diseases. There were 14 boys (66.7%) and
7 girls (33.3%) in this group. No child presented with
the symptoms of airway infection at the time of inclu-
sion in the study; baseline laboratory findings were
normal with low inflammatory markers. Children with
other chronic conditions that could affect the results
were not included.

The patients’ parents were thoroughly informed about the
purpose and course of the study and gave their informed
written consent.

Initial qualification for the study was based on the author’s
questionnaire. Medical history was collected, and all chil-
dren underwent a thorough physical examination and an-
thropometric measurements. Medical history included

DOI: 10.15557/PiMR.2024.0008

data on the onset of asthma, comorbidities, family histo-

ry, previous diagnosis and treatment used.

Asthma control was assessed using the Childhood

Asthma Control Test (C-ACT) for children under 12

years of age and the Asthma Control Test (ACT) for older

children.

Based on the obtained score, patients were allocated to

three groups:

1. complete control of asthma- ACT score of 25 or
C-ACT score 219;

2. partial control of asthma - ACT score of 20-24 C-ACT
score =19;

3. poor control of asthma — ACT score <20, C-ACT score
<19.

ACT was developed by Nathan et al. for adults and chil-

dren over 12 years of age. It consists of 5 questions rated

1-5. The score should be taken into account at the stage of

treatment planning®®.

C-ACT was designed for younger children aged 4-11 years.

It includes similar questions to those for older children, but

there are only 7 questions, first 4 addressing the child, and

the other 3 for the caregiver. A maximum score of 27 points

can be obtained.

For the purpose of statistical analysis, the patients were

allocated to two groups:

1. controlled asthma (good and partial asthma control);

2. uncontrolled asthma (poor asthma control).

METHODS

Fasting laboratory tests were performed in each patient.
Two whole blood samples were used for blood counts
with differential and Treg cell percentage analysis. The re-
maining blood tubes were centrifuged to obtain serum.
C-reactive protein (CRP), total and specific IgE titres, as
well as levels of PGRN, periostin, MMP-9 and Th1/Th2/
Th17 profile cytokines were determined in the serum.
Total IgE titres were measured using an immunoenzy-
matic (IE) assay. The sandwich enzyme linked immuno-
sorbent assay (ELISA) was used to determine periostin,
PGRN and MMP-9 levels. The percentage levels of Tregs
and interleukin levels were measured using a cytometric
method. The Medisoft FeNO device was used to measure
FeNO levels. The results are presented in ppb. Spirometry
was performed with the Lungtest 1000 MES device ac-
cording to the current ATS (American Thoracic Society)
and ERS (European Respiratory Society) guidelines and
the position of the Polish Lung Association. The results of
the study were subjected to statistical analysis. Statistical
significance was set at p < 0.05.

RESULTS
The mean age was 10.5 + 3.2 years in the study group

and 11.8 + 4.2 years in the control group. There were
6 girls (24%) and 19 boys (76%) in the asthmatic group,
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as well as 7 girls (33.3%) and 14 boys (66.7%) in the con-
trol group.

The mean age at asthma diagnosis was 6.8 + 4.2 years.
Other atopic diseases, such as allergic rhinitis (AR -
72%), atopic dermatitis (AD - 44%) and allergic con-
junctivitis (16%), coexisted in 21 asthmatic children
(84%). Nineteen children (76%) had a family history of
atopic diseases. Skin tests for inhalant and/or food al-
lergies were positive in all children. Elevated FeNO lev-
els were found in 8 patients, accounting for 32% of the
study group. The mean Tiffeneau index (FEV1%/VC)
was 96.5% + 9.7%.

Periostin levels were found to be statistically significantly
higher in asthmatic children: 10,792.1 + 5,089.4 ng/mL vs.
7,468.8 + 4,812.5 ng/mL (p = 0.03) (Fig. 1).

There were no statistically significant differences between
the study and control groups in terms of PGRN and MMP-9
levels (Tab. 1).

The pro-inflammatory cytokine TNFa showed higher levels
in the asthmatic group (4.7 + 6.3 pg/mL vs. 3.4 £ 8.7 pg/mL;
p = 0.039). This difference was statistically significant
(Tab. 1, Fig. 2).

Asthmatic children had significantly lower Treg percentages
compared to controls (mean 2.5% + 2.8% vs. 6.9% = 0.3%,
respectively; p < 0.001). The values are shown as a box-and-
whisker plot in Fig. 3.

When analysing cytokine levels (Tab. 2), lower levels of
pro-inflammatory cytokines were observed in the study
group vs. controls. These differences were found for IL-2
(3.5 £ 3.1 pg/mL vs. 5.7 + 3.2 pg/mL; p = 0.022), IL-6
(2.4+2.2 pg/mLvs. 6.6 + 3.2 pg/mL; p < 0.001), and IFN-y
(3.2 +£2.9 pg/mL vs. 5.1 + 2.0 pg/mL; p = 0.017), and were
statistically significant.

The group of asthmatic children also showed statistical-
ly significantly lower levels of the Treg-secreted cytokine
IL-10 compared to controls (2.9 + 2.4 pg/mL vs.
49 +2.8 pg/mL; p = 0.014) (Fig, 4).

Additionally, spirometry was performed, FeNO levels
were measured and asthma control was assessed in the

p=0.030
25,000
20,000
—r
E
£
= 15,000
£
-2 10,000
&
5,000
0

Control group Study group

Fig. 1. Periostin levels in the study group vs. the control group
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Study group | Control group
(n=25) (n=21) P
Peri::‘set:::I [J'_:%mu' 105;709829.141 74688+ 438125 | 0.030
PG“"‘L‘a["l‘g_L/s'“D”' 575415 515498 | 0132
T'g:a[sg_f ';‘I;L 47+63 3487 | 0.039
MMP-SIng/mll | 33691587 | 43672080 | 0.076

Tab. 1. Comparison of selected asthma biomarkers between the
study group and the control group
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Fig. 2. TNFa levels in the study group vs. controls
151 p<0.001
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Study group
Fig. 3. Treg percentage in the study group vs. controls

study group. Based on ACT and C-ACT findings, good,
partial and poor asthma control was found in 4 (16%),
6 (24%) and 14 (56%) patients, respectively (Fig. 5).
For the purpose of analysis, well-controlled and par-
tially controlled asthma were considered as controlled
asthma.

In controlled asthma, FEV1%/VC was higher than in un-
controlled asthma and were 99.8% + 9.8% of the pre-
dicted normal value vs. 93.9% + 9.1% of the predicted
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Study group Control group
(n=25) (n=21) P
Proinflammatory cytokines

IL-2 [pg/mL],

mean & SD 35431 57+32 0.022
IL-6 [pg/mL],

mean & SD 244122 6.6+3.2 <0.001
117 [pg/mL],

mean + S 145+15.6 18.8+15.2 0.421
IFN-y [pg/mL],

mean + SD 3.2+29 51+20 0.017

Anti-inflammatory cytokines

IL-4 [pg/mL],

mean = SD 34+32 52+42 0.122
IL-10 [pg/mL],

mean =+ SD 29+24 49+28 0.014

Tab. 2. Comparison of cytokine levels in the groups
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Control group Study group
Fig. 4. IL-10 levels in the study group vs. controls
Study group (n = 25)
16
14
12
10
8
6
4
2
0 T T ]
Complete Partial Poor
control control control

Number

Fig. 5. Asthma control in the study group

normal value, respectively. FeNO levels were statistical-
ly significantly higher in uncontrolled asthma compared
to controlled asthma (29.7 + 22.9 ppb vs. 10.4 + 4.2 ppb;
p =0.008) (Fig. 6).
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Fig. 6. FeNO levels in patients with controlled vs. uncontrolled

asthma
Controlled Uncontrolled
asthma asthma p
(n=11) (n=14)
Periostin [ng/mL],
mean + §D 9,667.8 £4,245.5 | 11,743.4+5,699.6 | 0.330
PGRN [ng/mL],
mean + SD 557+9.0 59.0+19.3 0.617
TNFa [pg/mL],
mean + SD 54+73 41+56 0.612
MMP-9 [ng/mL],
mean + SD 306.8 +104.9 3624+193.8 | 0383

Tab. 3. The levels of asthma biomarkers in patients with controlled
vs. uncontrolled asthma

There were no statistically significant differences in perios-
tin, PGRN, TNFa and MMP-9 levels between children with
controlled vs. uncontrolled asthma (Tab. 3).

The group of asthmatic children with elevated FeNO
showed statistically significantly higher PGRN levels than
those with normal exhaled FeNO, i.e. 68.2 + 14.7 ng/mL vs.
53.1 = 13.5 ng/mL (p = 0.024) (Fig. 7). There was no sta-
tistically significant correlation between FeNO and other
asthma biomarkers (Tab. 4).

There was a positive statistically significant correlation
(r = 0.535, p = 0.007) between FeNO and serum PGRN
(Fig. 8).

In the study group, children with eosinophil counts
>0.3 x 10°/uL showed higher FeNO levels (27.7 + 22.3 ppb)
compared to children with eosinophil counts <0.3 x 10°/pL
(11.5 £ 9.0 ppb) (Fig. 9). This difference was statistically
significant (p < 0.020).

DISCUSSION

Most of the currently recognised asthma biomarkers
available in clinical practice are associated with Th2-
mediated inflammation. Predictive factors include for ex-
ample FeNO, which now has a status of an eosinophilic
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Fig. 7. PGRN levels in asthmatic children with normal vs. ele-

vated FeNO
Normal FeNO Elevated FeNO
(n=17) (n=8) P
Pﬂ‘:‘a[':‘i/ 2‘0”' 5314135 6824147 | 0.024
Pertostin /ML | 10,5080+ 4743.9 | 11,462.1:+6,2044 | 0.680
M":‘:;;["‘igls'gur 334+1510 | 369841841 | 0527
TNFa [pg/mil, 53472 33437 | 0475

Tab. 4. The levels of asthma biomarkers among asthmatic children
with normal vs. elevated FeNO

r=0535
100+ o p=0.007

PGRN [ng/mL]

20

0 T T T T
0 20 40 60

FeNO [ppb]
Fig. 8. A correlation between FeNO and PGRN levels

airway inflammation biomarker. According to available
studies, FeNO measurement has contributed to improved
prediction of asthma onset later in life®”. Caudri et al.
and Singer et al. showed that preschool children with
higher FeNO values had a higher risk of developing asth-
ma at school age®**". Fang et al. demonstrated that FeNO
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Fig. 9. FeNO in asthmatic children with eosinophil count
<0.3 x 10°/uL vs. eosinophil count >0.3 x 10°/uL

levels correlate with bronchial hyperresponsiveness, as
well as blood eosinophil counts and serum IgE titres in
children®. FeNO measurement is used to identify chil-
dren with atopic asthma who are likely to respond to GCs.
Non-invasiveness is one of the main advantages of FeNO
assessment, while the technical difficulties in performing
the test and achieving cooperation in younger children
are undoubted disadvantages. Elevated FeNO levels were
found in eight children (32%) in our study group. Among
the patients in this group, higher FeNO levels were found
in children with uncontrolled asthma compared to those
with good asthma control. This relationship was statis-
tically significant. A correlation between FeNO values
and blood eosinophil counts was also shown. The data
support the usefulness of FeNO measurement in clini-
cal practice.

Perijostin is a protein that has gained biomarker status in
Th2-mediated inflammation. It is induced by IL-4 and
IL-13 and secreted by airway epithelial cells and lung fi-
broblasts®?. Periostin is also secreted by periosteal cells
and is involved in bone growth and repair, which is why it
reaches higher levels in children than in adults®. Despite
this limitation, children with asthma have been shown to
have higher serum periostin levels compared to healthy
children®. These observations were also confirmed in
our study. Song et al. also demonstrated that higher se-
rum levels of periostin are associated with bronchial hy-
perresponsiveness, higher blood eosinophil counts and
higher IgE titres in asthmatic children®. A number of
studies have also confirmed that periostin levels may be
a marker of good response to IGC therapy®”. Many at-
tempts have been made to investigate the role of perios-
tin in predicting the development of asthma. Anderson
et al. conducted a prospective follow-up of children from
the COAST (Childhood Origins of ASThma) cohort to in-
vestigate the role of several biomarkers of Th2-type inflam-
mation: sensitisation to inhaled allergens, blood eosino-
phil counts and serum periostin levels in the development
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of childhood asthma. They found that, together with other
variables, high serum periostin level at the age of 2 years
was a risk factor for asthma by school age®®®). This relation-
ship was not confirmed by a 2021 study in which Guvenir
et al. investigated the role of periostin in young children
with wheezing episodes for the prediction of asthma de-
velopment. It was found that clinical features were more
reliable than biomarkers in predicting the onset of asth-
ma at school age in children with recurrent preschool
wheezing®. There are no conclusive data to support the
role of periostin as a potential biomarker of asthma de-
velopment in children®. It also remains unclear wheth-
er periostin can be used as an asthma biomarker in the
adult population. A project by Pavlidis et al. found that se-
rum periostin levels are an insufficiently strong predictor
of severe Th2-mediated asthma in adults and this is likely
due to its production in the airway epithelium and its dif-
ficulty in reaching the systemic circulation®?. Licari et al.
published a study in which periostin levels were higher
in asthmatic vs. healthy children, but they did not corre-
late with asthma severity and hence proved to be of limit-
ed utility in clinical practice“?. In our study, serum peri-
ostin levels were found to be higher in asthmatic children
compared to healthy controls, while no significant differ-
ences were observed in its levels in children with varying
degrees of asthma control. These observations are consis-
tent with recent reports. Recent meta-analyses have shown
a significant and independent correlation between serum
periostin levels and asthma severity in children; however
the effectiveness of this parameter in identifying children
with severe asthma was not satisfactory. Based on these
results, it can be postulated that low serum periostin lev-
els exclude severe asthma in children. Further studies are
needed to determine the role of periostin in the pathogen-
esis of asthma and its clinical utility“>*.

The study group was also shown to have higher levels of
pro-inflammatory TNFa. Numerous studies have clear-
ly demonstrated increased TNFa expression in patients
with severe asthma9. Thomas and Heywood observed
that inhaled TNFa, even in mild asthma, induced air-
way hyperreactivity associated with an increase in neu-
trophils and eosinophils”. TNFa undoubtedly plays
a role in airway pathology, hence attempts to use this
mechanism in the treatment. However, the results de-
viate from expectations. The use of anti-TNFa drugs in
an adult population with moderate-to-severe asthma
of undefined phenotype did not improve the course of
asthma®®.

An impairment of the critical balance between Treg cells
and pro-inflammatory lymphocytes in favour of the Th2
leads to the manifestation of asthma®”. Currently, data on
the presence of Treg cells in peripheral blood and bron-
choalveolar lavage fluid (BALF) show reduced counts
of CD4+CD25+FoxP3 cells in children with asthma
compared to healthy children. These findings were ob-
tained in patients not taking GCs®**). Of interest is the
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phenomenon of an increase in serum and airway Treg
levels after GC treatment®?. Provoost et al. showed a re-
duced percentage of Foxp3-expressing cells within periph-
eral CD4+CD25"¢" lymphocytes in asthmatic patients; the
mean percentage of these cells was 67.3% vs. 79.0% in the
control group®. This is consistent with the findings re-
ported by Agarwal et al. who found that the percentage of
Foxp3+ cells in the peripheral CD4+CD25"¢" T-cell sub-
population in asthmatic patients was significantly reduced
compared to healthy controls (49.00% vs. 95.91%, respec-
tively)®?. In our study, we found a significantly lower per-
centage of natural regulatory T cells (nTreg) and IL-10 in
the serum of affected children compared to controls, con-
firming the role of these cells in the pathogenesis of asth-
ma, which is consistent with the observations of other
investigators.

MMP-9 was another potential asthma biomarker assessed
in this study. This is a protein of the metalloproteinase
family, produced mainly by macrophages and neutro-
phils, but also by epithelial cells, mast cells, fibroblasts and
smooth myocytes. MMP-9 is a major mediator in bron-
chial wall remodelling and extracellular matrix metabo-
lism®¥. Its increased levels were found in blood, sputum
and bronchoalveolar lavage in patients experiencing asth-
ma exacerbation®. Erlewyn-Lajeunesse et al. found that
the ratio of MMP-9 to its natural inhibitor (TIMP-1) in
BALF was higher in children with symptomatic asthma,
as compared to that of healthy controls®®. Furthermore,
several independent studies have shown that MMP-9 de-
ficiency in mice leads to airway inflammation, as well as
an increased eosinophil count and cytokines such as IL-4
and IL-1367. In our study, MMP-9 levels were assessed by
ELISA. No significant differences were found in the ob-
tained results between asthmatic and healthy children.
MMP-9 levels in both study groups did not depend on
the degree of asthma control. It is possible that the results
were influenced by the medications used or by the collec-
tion of specimens during the stable phase of the disease.
Tanaka et al. found increased MMP-9 expression during
spontaneous asthma exacerbations or in response to lo-
cal allergen instillation. MMP-9 levels normalised after
GCs and resolution of inflammation>*®. This highlights
the need for further research on MMP-9 inhibition in the
treatment of asthma.

PGRN is the cytokine proposed in this study as a po-
tential biomarker for asthma. Its anti-inflammatory ef-
fects are, among other things, due to the inhibition of
neutrophil degranulation by binding to TNFa recep-
tors and thereby blocking TNFa-TNFR1/2 transmis-
sion. Additionally, it promotes the differentiation of
naive T cells into Treg cells®”. PGRN attenuates the
course of TNFa-related inflammatory diseases, includ-
ing respiratory diseases. This finding was confirmed by,
among others, Ungurs et al. who, by analysing human
airway sputum samples from patients with chronic ob-
structive pulmonary disease (COPD), demonstrated an
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inverse correlation between serum PGRN levels and the
severity of neutrophilic airway inflammation®”. Chen et
al. showed that serum PGRN increases in patients with
COPD and is higher in the exacerbation phase than in
stable patients. Conclusions have been made that PGRN
may act as both a COPD biomarker and an important
factor involved in the pathogenesis of the disease ex-
acerbation process®V. In 2018, Chiba et al. published
a study in which they demonstrated in a murine mod-
el (BALB/c) that intranasal administration of a recombi-
nant PGRN preparation (Atsttrin) significantly inhibit-
ed bronchial hyperresponsiveness, probably by blocking
the TNFa response. It was postulated, based on these re-
sults, that increasing the levels of PGRN may be a prom-
ising therapy for bronchial hyperresponsiveness in aller-
gic asthma®?. Similar findings were presented in 2021 by
Liu et al., who produced a model chronic asthma in mice
using dust mite (house dust mice, HDM). Recombinant
PGRN was administered intranasally to mice during the
HDM provocation phase. PGRN treatment was found to
slow down the HDM-induced bronchial remodelling, as
evidenced by inhibition of collagen accumulation, mucus
overproduction, and airway smooth muscle synthesis in
the lungs of HDM-treated asthmatic mice®®. In contrast
to these publications, however, Park et al. found that se-
rum PGRN levels correlated negatively with the intensity
of bronchial obstruction and reached significantly lower
values in asthmatic patients from the study group than
in healthy controls"?. Although the exact mechanism
underlying the anti-inflammatory effect of PGRN re-
mains unknown, based on the literature review present-
ed here, it appears that PGRN could be a potential mark-
er of asthma severity and represents a promising object
of research, also in terms of future therapeutic options.
No studies on PGRN levels in asthmatic children were
found in the available databases. This study is proba-
bly the first to assess this relationship. We showed that
PGRN levels were higher in children with asthma than in
controls, and that children with uncontrolled asthma had
higher PGRN levels than children with controlled asthma.
However, these differences were not statistically signif-
icant. This may be due to the fact that, according to the
literature, PGRN showed elevated levels in asthmatic/
COPD patients with neutrophilic inflammation. Only
children with atopic asthma were included in our study.
Also, we did not consider the effect of the treatment used
in children. However, a positive, statistically significant
correlation was found between PGRN levels and FeNO
levels in children with asthma. Further studies and an at-
tempt to compare PGRN levels in different phenotypes
of this disorder are needed to draw further conclusions.

CONCLUSIONS

This study demonstrated the usefulness of serum perios-
tin levels, FeNO and eosinophil percentage in the diagnosis
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of asthma in children, while the role of PGRN and MMP-9
remains debatable. Our findings and the cited publica-
tions demonstrate the need for further research on asth-
ma biomarkers.

Conflict of interest

The authors do not report any financial or personal connections with
other persons or organizations which might negatively affect the contents
of this publication and/or claim authorship rights to this publication.

Author contribution

Original concept of study: MP. Collection, recording and/or compila-
tion of data: MP. Analysis and interpretation of data: MP. Writing of
manuscript: MP. Critical review of manuscript: BK, AR. Final approval
of manuscript: BK.

DOI: 10.15557/PiMR.2024.0008

65



66

Milena Pogonowska, Bolestaw Kalicki, Agnieszka Rustecka

References

1.

2.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Global Initiative for Asthma — GINA. Available from: https://gin-
asthma.org/ [cited: 5 May 2023].

World Health Organization: Asthma. Available from: https://
www.who.int/news-room/fact-sheets/detail/asthma [cited:
10 December 2021].

Global Health Metrics. Asthma - level 3 cause. Lancet 2020; 396:
108-109.

Naczelna Izba Aptekarska: Raport NFZ o zdrowiu - astma. Avail-
able from: https://www.nia.org.pl/2020/05/14/raport-nfz-o-zdr.
Morgan W], Stern DA, Sherrill DL et al.: Outcome of asthma and
wheezing in the first 6 years of life: follow-up through adoles-
cence. Am J Respir Crit Care Med 2005; 172: 1253-1258.

Blair H: Natural history of childhood asthma. 20-year follow-up.
Arch Dis Child 1977; 52: 613-619.

Wu W, Bleecker E, Moore W et al.: Unsupervised phenotyping of
Severe Asthma Research Program participants using expanded
lung data. J Allergy Clin Immunol 2014; 133: 1280-1288.
Anderson GP: Endotyping asthma: new insights into key patho-
genic mechanisms in a complex, heterogeneous disease. Lancet
2008; 372: 1107-1119.

Breborowicz A, Lis G, Nizankowska-Mogilnicka E et al.: Rozpo-
znawanie i leczenie astmy u dzieci. Available from: https://www.
mp.pl/pediatria/artykuly-wytyczne/artykuly-
przegladowe/244093,rozpoznawanie-i-leczenie-astmy-u-dzieci
[cited: 11 December 2021].

Berry A, Busse WW: Biomarkers in asthmatic patients: has their
time come to direct treatment? ] Allergy Clin Immunol 2016;
137:1317-1324.

Cevhertas L, Ogulur I, Maurer DJ et al.: Advances and recent
developments in asthma in 2020. Allergy 2020; 75: 3124-3146.
Park SY, Hong GH, Park S et al.: Serum progranulin as an indi-
cator of neutrophilic airway inflammation and asthma severity.
Ann Allergy Asthma Immunol 2016; 117: 646-650.

Wei E Zhang Y, Zhao W et al.: Progranulin facilitates conversion
and function of regulatory T cells under inflammatory condi-
tions. PLoS One 2014; 9: e112110.

Gagliardo R, La Grutta S, Chanez P et al.: Non-invasive markers
of airway inflammation and remodeling in childhood asthma.
Pediatr Allergy Immunol 2009; 20: 780-790.

Kelly EA, Jarjour NN: Role of matrix metalloproteinases in asth-
ma. Curr Opin Pulm Med 2003; 9: 28-33.

Zou F, Zhang J, Xiang G et al.: Association of matrix metallopro-
teinase 9 (MMP-9) polymorphisms with asthma risk: a meta-
analysis. Can Respir ] 2019; 2019: 9260495.

Matsumoto H: Roles of periostin in asthma. Adv Exp Med Biol
2019; 1132: 145-159.

Arbes J], Calatroni A, Mitchell HE et al.: Age-dependent interac-
tion between atopy and eosinophils in asthma cases: results from
NHANES 2005-2006. Clin Exp Allergy 2013; 43: 544-551.
Saglani S, Lloyd CM: Eosinophils in the pathogenesis of paediat-
ric severe asthma. Curr Opin Allergy Clin Immunol 2014; 14:
143-148.

Schleich FN, Manise M, Sele J et al.: Distribution of sputum cel-
lular phenotype in a large asthma cohort: predicting factors for
eosinophilic vs neutrophilic inflammation. BMC Pulm Med
2013;13: 11.

Wadsworth S, Sin D, Dorscheid D: Clinical update on the use of
biomarkers of airway inflammation in the management of asthma.
J Asthma Allergy 2011; 4: 77-86.

Likonska A, Kowalski ML, Chatubinski M: Zmiany w zalece-
niach Swiatowej Inicjatywy na Rzecz Zwalczania Astmy (GINA)
2019 - wazne modyfikacje sposobu leczenia. Alerg Astma
Immun 2019; 24: 112-118.

Dweik RA, Boggs PB, Erzurum SC et al.; American Thoracic
Society Committee on Interpretation of Exhaled Nitric Oxide
Levels (FENO) for Clinical Applications: An official ATS clinical
practice guideline: interpretation of exhaled nitric oxide levels
(FENO) for clinical applications. Am ] Respir Crit Care Med
2011; 184: 602-615.

DOI: 10.15557/PiMR.2024.0008

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

Shi YH, Shi GC, Wan HY et al.: Coexistence of Th1/Th2 and
Th17/Treg imbalances in patients with allergic asthma. Chin
Med ] (Engl) 2011; 124: 1951-1956.

Hori S, Nomura T, Sakaguchi S: Control of regulatory T cell
development by the transcription factor Foxp3. Science 2003;
299:1057-1061.

Zuska-Prot M, Jaroszewski JJ, Ma$lanka T: Udzial komorek regu-
latorowych oraz wybranych cytokin w patogenezie astmy oskrze-
lowej. Postepy Hig Med Dosw 2016; 70: 668-677.

Provoost S, Maes T, Van Durme YM et al.: Decreased FOXP3
protein expression in patients with asthma. Allergy 2009; 64:
1539-1546.

Nathan RA, Sorkness CA, Kosinski M et al.: Development of the
asthma control test: a survey for assessing asthma control.
J Allergy Clin Immunol 2004; 113: 59-65.

Pijnenburg MW: The role of FeNO in predicting asthma. Front
Pediatr 2019; 7: 41.

Caudri D, Wijga AH, Hoekstra MO et al.: Prediction of asthma
in symptomatic preschool children using exhaled nitric oxide,
Rint and specific IgE. Thorax 2010; 65: 801-807.

Singer F, Luchsinger I, Inci D et al.: Exhaled nitric oxide in symp-
tomatic children at preschool age predicts later asthma. Allergy
2013; 68: 531-538.

Fang LC, Shyur SD, Wang JY et al.: Exhaled nitric oxide helps
discriminating asthmatic children with and without positive spe-
cific IgE to aeroallergens. Asian Pac J Allergy Immunol 2018; 36:
145-151.

Bobolea I, Barranco P, Del Pozo V et al.: Sputum periostin in
patients with different severe asthma phenotypes. Allergy 2015;
70: 540-546.

Chapurlat RD, Confavreux CB: Novel biological markers of
bone: from bone metabolism to bone physiology. Rheumatology
(Oxford) 2016; 55: 1714-1725.

Inoue T, Akashi K, Watanabe M et al.: Periostin as a biomarker
for the diagnosis of pediatric asthma. Pediatr Allergy Immunol
2016; 27: 521-526.

Song JS, You JS, Jeong SI et al.: Serum periostin levels correlate
with airway hyper-responsiveness to methacholine and manni-
tol in children with asthma. Allergy 2015; 70: 674-681.

Solanki B, Prakash A, Rehan HS et al.: Effect of inhaled cortico-
steroids on serum periostin levels in adult patients with mild-
moderate asthma. Allergy Asthma Proc 2019; 40: 32-34.
Anderson HM, Lemanske RF Jr, Arron JR et al.: Relationships
among aeroallergen sensitization, peripheral blood eosinophils,
and periostin in pediatric asthma development. J Allergy Clin
Immunol 2017; 139: 790-796.

Guvenir H, Buyuktiryaki B, Kulhas Celik I et al.: Can serum
periostin, YKL-40, and osteopontin levels in pre-school children
with recurrent wheezing predict later development of asthma?
Pediatr Allergy Immunol 2021; 32: 77-85.

Yavuz ST, Bagci S, Bolat A et al.: Association of serum periostin
levels with clinical features in children with asthma. Pediatr
Allergy Immunol 2021; 32: 937-944.

Pavlidis S, Takahashi K, Ng Kee Kwong F et al.: “T2-high” in
severe asthma related to blood eosinophil, exhaled nitric oxide
and serum periostin. Eur Respir ] 2019; 53: 1800938.

Licari A, Brambilla I, Sacchi L et al.: Periostin, type 2 biomarker,
is not associated with asthma control grade in asthmatic allergic
children. Respir Med 2019; 151: 118-120.

Baker RE, Park SW, Yang W et al.: The impact of COVID-19 non-
pharmaceutical interventions on the future dynamics of endemic
infections. Proc Natl Acad Sci U S A 2020; 117: 30547-30553.

Jia X, Li S, Xu TT et al.: Diagnostic accuracy of periostin in pre-
dicting asthma: a systematic review and meta-analysis. ] Asthma
2021; 58: 307-315.

Berry MA, Hargadon B, Shelley M et al.: Evidence of a role of
tumor necrosis factor alpha in refractory asthma. N Engl ] Med
2006; 354: 697-708.

Majak P: Czynnik martwicy nowotwordéw alfa jako biomarker
predykcyjny astmy we wczesnym dziecinstwie. Adv Respir Med
2016; 84 (Suppl IV): 1-2.

PEDIATR MED RODZ Vol. 20 No. 1, p. 5867



https://ginasthma.org/
https://ginasthma.org/
https://www.who.int/news-room/fact-sheets/detail/asthma
https://www.who.int/news-room/fact-sheets/detail/asthma
https://www.nia.org.pl/2020/05/14/raport-nfz-o-zdr
https://www.mp.pl/pediatria/artykuly-wytyczne/artykuly-przegladowe/244093,rozpoznawanie-i-leczenie-astmy-u-dzieci
https://www.mp.pl/pediatria/artykuly-wytyczne/artykuly-przegladowe/244093,rozpoznawanie-i-leczenie-astmy-u-dzieci
https://www.mp.pl/pediatria/artykuly-wytyczne/artykuly-przegladowe/244093,rozpoznawanie-i-leczenie-astmy-u-dzieci

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

Evaluation of selected biomarkers in the diagnosis of asthma in children

Thomas PS, Heywood G: Effects of inhaled tumour necrosis fac-
tor alpha in subjects with mild asthma. Thorax 2002; 57: 774-778.
Matera MG, Calzetta L, Cazzola M: TNF-alpha inhibitors in
asthma and COPD: we must not throw the baby out with the
bath water. Pulm Pharmacol Ther 2010; 23: 121-128.

Lloyd CM, Hawrylowicz CM: Regulatory T cells in asthma.
Immunity 2009; 31: 438-449.

Donma M, Karasu E, Ozdilek B et al.: CD4*, CD25*, FOXP3*
T regulatory cell levels in obese, asthmatic, asthmatic obese, and
healthy children. Inflammation 2015; 38: 1473-1478.

Hartl D, Koller B, Mehlhorn AT et al.: Quantitative and function-
al impairment of pulmonary CD4*CD25" regulatory T cells in
pediatric asthma. J Allergy Clin Immunol 2007; 119: 1258-1266.
Singh AM, Dahlberg P, Burmeister K et al.: Inhaled corticoste-
roid use is associated with increased circulating T regulatory
cells in children with asthma. Clin Mol Allergy 2013; 11: 1.
Agarwal A, Singh M, Chatterjee BP et al.: Interplay of T helper
17 cells with CD4*CD25"¢h" FOXP3* Tregs in regulation of aller-
gic asthma in pediatric patients. Int ] Pediatr 2014; 2014: 636238.
Abel M, Vliagoftis H: Mast cell-fibroblast interactions induce
matrix metalloproteinase-9 release from fibroblasts: role for IgE-
mediated mast cell activation. ] Immunol 2008; 180: 3543-3550.
Cataldo DD, Bettiol ], Noél A et al.: Matrix metalloproteinase-9,
but not tissue inhibitor of matrix metalloproteinase-1, increases
in the sputum from allergic asthmatic patients after allergen
challenge. Chest 2002; 122: 1553-1559.

Erlewyn-Lajeunesse MDS, Hunt LP, Pohunek P et al.: Bronchoal-
veolar lavage MMP-9 and TIMP-1 in preschool wheezers and

PEDIATR MED RODZ Vol. 20 No. 1, p. 5867

57.

58.

59.

60.

61.

62.

63.

their relationship to persistent wheeze. Pediatr Res 2008; 64:
194-199.

Gueders MM, Balbin M, Rocks N et al.: Matrix metalloprotein-
ase-8 deficiency promotes granulocytic allergen-induced airway
inflammation. ] Immunol 2005; 175: 2589-2597.

Tanaka H, Miyazaki N, Oashi K et al.: Sputum matrix metallo-
proteinase-9: tissue inhibitor of metalloproteinase-1 ratio in
acute asthma. J Allergy Clin Immunol 2000; 105: 900-905.
Tang W, Lu Y, Tian QY et al.: The growth factor progranulin
binds to tnf receptors and is therapeutic against inflammatory
arthritis in mice. Science 2011; 332: 478-484.

Ungurs MJ, Sinden NJ, Stockley RA: Progranulin is a substrate for
neutrophil-elastase and proteinase-3 in the airway and its concen-
tration correlates with mediators of airway inflammation in
COPD. Am ] Physiol Lung Cell Mol Physiol 2014; 306: L80-L87.
Chen X, Liu J, Zhu M et al.: Progranulin is a novel biomarker for
predicting an acute exacerbation of chronic obstructive pulmo-
nary disease. Clin Respir J 2018; 12: 2525-2533.

Chiba Y, Danno S, Suto R et al.: Intranasal administration of
recombinant progranulin inhibits bronchial smooth muscle
hyperresponsiveness in mouse allergic asthma. Am J Physiol
Lung Cell Mol Physiol 2018; 314: L215-1223.

Liu M, Shan M, Zhang Y et al.: Progranulin protects against air-
way remodeling through the modulation of autophagy via
HMGBI suppression in house dust mite-induced chronic asthma.
J Inflamm Res 2021; 14: 3891-3904.

DOI: 10.15557/PiMR.2024.0008

67



	Button 53: 
	Button 100: 
	Button 101: 


