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Periostin: a novel biomarker for chronic rhinosinusitis
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Abstract. Periostin: a novel biomarker for chronic rhinosinusitis. Objectives: Rhinosinusitis is characterized by
inflammation of the sinuses, resulting in particular symptoms. This study aims to investigate the feasibility of periostin
as a biomarker for chronic rhinosinusitis.

Methodology: The mucosal tissues of the ethmoid sinus were sampled from 12 patients with chronic rhinosinusitis
without nasal polyps (CRSsNP) and 25 with chronic rhinosinusitis with nasal polyps (CRSwNP). Inferior turbinate
biopsy was performed in 15 patients with a deviation of the nasal septum (DNS). Immunohistochemical (IHC) staining
was performed to assess the distribution of periostin. Quantitative reverse transcription-polymerase chain reaction
(RT-PCR) was conducted to detect the expression of periostin mRNA in nasal tissue specimens. The serum concentration
of periostin was measured using enzyme-linked immunosorbent assay (ELISA). Correlation analysis among periostin
mRNA in nasal mucosa, IHC staining score of periostin, serum concentration of periostin and proportion of blood
eosinophils was performed.

Results: The serum concentration of periostin and the IHC staining score of nasal mucosa from CRSsNP and CRSwNP
patients were significantly higher than those in DNS counterparts (both P <0.01). The levels of periostin mRNA in
CRSsNP and CRSwNP patients were slightly increased, but did not significantly differ from that in the DNS group (both
P >0.05). The IHC staining score and serum concentration of periostin were correlated with the proportion of eosinophils
in blood (P<0.05 and P <0.01).

Conclusion: Periostin can be used as a novel biomarker for chronic rhinosinusitis, which provides a potential target for
individualized therapy of chronic rhinosinusitis.

Multiple biomarkers of different endophenotypes
of chronic rhinosinusitis (CRS) have been

Introduction

According to EPOS2012,' rhinosinusitis is defined
as the inflammation of the nasal cavity and sinuses
with two or more symptomatic characteristics.
One of the essential conditions is stuffiness/nasal
obstruction or rhinorrhoea (anterior and posterior
nasal drip) with or without facial pain/sense of
pressure and hyposmia/anosmia. An endoscopy
examination showed the presence of nasal polyps,
accompanied by mucopurulent secretions mainly
from the middle nasal meatus, and/or mucosal
oedema or congestion primarily located at middle
nasal meatus. A computed tomography (CT) scan
revealed ostiomeatal and/or mucosal changes in the
nasal sinus.

identified, such as specific IgE and enterotoxin IgE
of Staphylococcus aureus ? Individualized therapies
can be selected based on specific biomarkers
of different endophenotypes.’* Currently, CRS
research is oriented to seek specific biological
markers to distinguish varying endophenotypes of
CRS and develop a potentially effective therapy.
Periostin, a molecule inducible with interleukin
(IL)-4 or IL-13 in bronchial epithelial cells,
has been regarded as a systemic biomarker of
eosinophilic respiratory tract inflammation in
patients with asthma,® which benefits tissue
fibrosis under the mucosal epithelium of the
respiratory tract and structure remodelling.”® A
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recent study demonstrated that an elevated serum
level of periostin is correlated with a specific
phenotype of eosinophilic asthma, late-onset of
asthma and often complicated with obstructive
lung dysfunction and nasal disorders.” Moreover,
histopathological studies have found that structural
remodelling is also present in the nasal cavity and
sinus tissues of CRS patients, which is consistent
with structure remodelling of lower respiratory
tract in patients diagnosed with asthma." In this
study, the distribution and expression of periostin
in nasal tissues from different phenotypes of CRS
were detected to evaluate the feasibility of using
periostin as a specific biomarker of CRS, offering
clinical evidence for individualized therapy.

Materials and methods

Subjects

According to the definition and classification
of CRS by EPOS2012," 12 cases of CRSsNP
[eight male and four female, aged 23-53 years
(35.75+2.25)] 25 cases of CRSwWNP [14 male and
11 female, aged 28-69 years, (45.68+1.75)] and
15 cases of DNS [11 male and four female, aged
18-78 years, (39.93+1.05)] were selected in this
investigation. Among all CRS patients presenting
with nasal polyps, six were complicated with
asthma. Glucocorticoids were applied topically or
systematically in all patients at least one month
before surgery.

The exclusion criteria were patients with
fungal sinusitis, odontogenic maxillary sinusitis,
antrochoanal polyps, immobile cilia syndrome,
cystic fibrosis, or complicated with systemic
diseases, such as hypertension and diabetes
mellitus, and those with a surgical history of sinus
surgery were excluded from this study.

Two tubes of fasting blood samples were
collected for all patients one day after admission
for cell and serological analyses. Serum sampling
was extracted to aliquot into an Eppendorf tube
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and preserved at -80 °C in a refrigerator. Mucosal
tissues of the ethmoid sinus collected from CRS
patients and inferior turbinate tissues obtained
from DNS patients were preserved at -80 °C for
subsequent detection.

This study was approved by the ethics committee
of Qilu Hospital, Shandong University. Written
informed consent was signed by all enrolled
patients.

IHC Staining

A PV two-step method, i.e., the polymer THC
detection system (PV-6000, ZSGB-Bio, Beijing),
was used for IHC staining. Paraffin sections were
dewaxed and dehydrated. Antigen was retrieved
in a pressure cooker filled with a proper amount
of citrate as antigen retrieval buffers (10 mmol/L,
pH=6.0), 3% hydrogen peroxide was incubated
for 10 min to block the activity of endogenous
peroxidase. The samples were rinsed with distilled
water and washed with phosphate buffered saline
(PBS) for 2 min thrice. Diluted (1:800) rabbit anti-
human periostin polyclonal antibodies (ab14041,
Abcam) were supplemented per drop and incubated
under 37 °C for 1.5 h. Then, treated samples
were washed with PBS for 2 min thrice and
universal IgG antibody-horseradish peroxidase
(HRP) polymer was added per drop (PV-6000,
7ZSGB-Bio, Beijing). The samples were incubated
under 37 °C for 20 min and washed with PBS for
2 min thrice. Subsequently, PBS was removed
and diaminobenzidine (DAB) was added per drop
to develop colour. The samples were rinsed with
distilled water, restrained with haematoxylin and
flushed thoroughly using tap water, dehydrated
with gradient ethanol, transparent using xylene and
sealed with neutral gum.

Under a light microscope, positive expression
of periostin as yellowish brown was presented
in the tissue detected by IHC staining. Referring
to previous procedures,' the scores of staining
intensity were evaluated and the average score was
obtained by experienced pathologists.

Table 1
Demographic data of all patients
Group Male (%) Age (mean+SD) Igllgr;d-MacKay score (mean +
CRSsNP 66.7 3575 £ 10.08 6.17 £ 1.31
CRSwNP 56.0 4568 = 11.52 14.52 £ 6.95
CNS 73.0 39.93 + 16.87 0.80 +2.08
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Grading of staining intensity: five points were
defined as the highest staining intensity and zero
point represented no staining. Five levels were
classified based on the obtained scores, in which
zero to one point was set as level one, one to two
points as level two, two to three points as level
three, three to four points as level four and four to
five as level five.

ELISA

Periostin (human) ELISA kit (AG-45B-0004-
KIO1, AdipoGen) was used to conduct the ELISA
experiment according to the manufacturers’
instructions. A standard curve was created to
obtain the results. The serum specimen was diluted
at a ratio of 1:The optical density (OD) value of
all samples was obtained. The concentration of
the diluted serum specimen was educed using a
standard curve and then multiplied by 75 to obtain
the concentration of periostin. The sensitivity of
the periostin ELISA is 15 pg/ml.

Quantitative RT-PCR

RNA extraction was performed for all samples
using the TRIzol method (Invitrogen, USA). The
absorbance of RNA (A260) was detected using
an ultraviolet ray spectrophotometer. The ratio of
A260 to A280 ranged from 1.8 to 2.0. Reverse
transcription of cDNA was performed after the
RNA concentration was determined. Exactly 4 pg
of RNA was used to perform reverse transcription
(Thermo Scientific, USA), where the reaction
system included template RNA (4 pl), random
primer (1 pl), and diethyl pyrocarbonate (DEPC)-
treated water (12 pl) at 60 °C for 5 min. The sample
was centrifuged after ice cooling. The following
was mixed into a 20 ul single solution: 5xbuffer
solution (4 ul), Rnase inhibitory (1 upl), 10 mM
dNTP (2 pl) and reverse transcriptase (1 pl). The
solution was mixed evenly, centrifuged and placed
at 25 °C for 5 min, 42 °C for 60 min and 70 °C for
5 min. The quantitative RT-PCR reaction system
included 5 pl of SYBR green (Toyobo, Japan), 4
ul of DEPC-treated water, 0.5 pl of primer and 0.5
ul of cDNA. A total of 40 cycles were performed:
95 °C for 1 min, 95 °C for 15 s, 60°C for 15 s,
and 72 °C for 45 s, 95 °C for 15 s then 60°C for
15 s. The sequence of forward primer human
periostin was TAAACTCCTCTATCCAGCAGAC
and CCACCTCCAGTAGAAATCCT for the
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reverse primer. GAPDH was used as an internal
reference. The forward sequence of GAPDH
was CAAGGTCATCCATGACAACTTTG and
GTCCACCACCCTGTTGCTGTAG for the
reverse (ABI7500, Applied Biosystems, USA). The
experimental procedures were repeated three times
for each group. The mean value was regarded as the
measured value and glyceraldehyde-3-phosphate
dehydrogenase (GAPDH) was set as housekeeping
gene. The final result was represented as 2-Ct.

Statistical analysis

All values were expressed as mean + SEM. The
Kruskal-Wallis method was used to compare the
variance of different groups. A P value of less than
0.05 was considered statistically significant. The
differences between two groups were compared
statistically using the Mann-Whitney U method.
The test level was adjusted and a’=a/number
of comparisons. Based on the standard level of
0a=0.05, the difference was regarded as statistically
significant when a’=0.01The receiver operating
characteristic (ROC) analysis of the serum level
of periostin protein was performed to obtain a
diagnostic threshold of periostin protein for the
diagnosis of chronic rhinosinusitis. A P value of
<0.0167 was presented. Spearman’s correlation
test was used to perform correlation analysis.

Results

Demographic data

All demographic characteristics of patients among
three groups are illustrated in Table 1.

IHC staining

Periostin was primarily distributed at the basal
membrane of nasal mucosal epithelium and fibre
tissues beneath the nasal mucosal epithelium
(Figure 1). The average scores of the staining
intensity of nasal mucosa in CRSsNP and CRSwNP
patients were 3.83+0.21 and 3.68+0.14, which
were significantly higher compared with 2.80+0.20
in the control counterparts (both P<0.01), as
illustrated in Table 2.

ELISA

The serum levels of periostin among the three
groups were detected using ELISA (Table 2).
The average serum concentrations of periostin
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Figure 1
THC staining of periostin in the nasal mucosa (magnificationx400). A-E corresponded to levels of 1,2, 3,4 and 5.

in patients with CRSsNP and CRSwNP were
(56.47+3.04) and (52.73+4.34) pg/mL, significantly
higher compared with (31.34+2.11) pg/mL of the
normal controls (both P<0.01).

Quantitative RT-PCR

Periostin mRNA was mainly distributed in the
nasal mucosal tissues (Table 2). The average
values of periostin mRNA in nasal mucosal tissues
of CRSsNP and CRSwNP were increased to

0.45+0.08 and 0.41+0.The mean value of the normal
controls was 0.34+0.No statistical significance was
documented among the three groups (all P>0.05).

ROC curve analysis

ROC curve analysis revealed that the ROC AUC
for serum level of periostin was 0.8The specificity
was 0.867 and the sensitivity was 0.811 when the
periostin concentration was 38.56 pg/ml. Patients
were diagnosed with chronic rhinosinusitis when
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the periostin level exceeded this threshold, as
illustrated in Figure 2.

Correlation analysis

The serum concentration of periostin and THC
staining grading of nasal mucosa were significantly
correlated with the proportion of blood eosinophils
(P=0.005, r=0.386 and P=0.024, r=0.313).
However, periostin mRNA in nasal mucosal tissues
was not statistically correlated with the proportion
of eosinophils in blood (P=0.684, r=-0.058).

Discussion

Rhinosinusitis is characterized by inflammation
of the sinuses resulting in certain symptoms. It
is defined as acute rhinosinusitis if it endures for
less than four weeks and as CRS if it endures
for longer than 12 weeks. Based on the presence
or absence of nasal polyps in the middle nasal
meatus, CRS can be further classified into two
phenotypes, CRSsNP and CRSwNP. The internal
pathophysiological mechanism differs between the
two types of CRS. Periostin, known as osteoblast
specific factor 2, is found in bone and lung
tissues. Periostin has a homologous amino acid
sequence with insect protein fasciclin I, and acts
as homophilic adhesion molecule during bone
formation.” Recent studies demonstrated that the
expression of periostin was up-regulated in patients
with respiratory inflammatory diseases, such as
asthma and CRS.”" Periostin was increased in the
serum of patients with eosinophilic asthma and was
presented as a type of systemic biomarker® and the
expression of periostin was down-regulated after
CRS was treated." In this study, the expression
levels of periostin mRNA and molecules in the
nasal mucosal tissues and the serum of CRSsNP
and CRSwNP patients and control counterparts
were quantitatively measured and statistically
compared. The serum concentration of periostin in
CRSsNP and CRSwNP patients was significantly
up-regulated compared with the control group,
whereas no statistical significance was noted in
terms of periostin mRNA in nasal mucosal tissues
among the three groups, which is consistent with
the recent report.*

In CRS patients, periostin could be a systemic
inflammatory marker and an inflammatory mediator
that is involved in the local inflammation process
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Figure 2

ROC curve analysis of periostin in the diagnosis of chronic
rhinosinusitis.

of the nasal cavity, nasal sinuses and possibly
the systemic inflammation process. Thus, the
topical and systemic inflammation process occurs
simultaneously during the development of CRS.
CRS represents certain systemic inflammation
processes or the incidence of complicated diseases
during the progression of certain inflammatory
diseases."

In this study, quantitative RT-PCR showed that
periostin mRNA was equally expressed in the
CRSsNP, CRSwNP and control groups. Moreover,
the levels of periostin mRNA in the nasal mucosal
tissues in the CRSsNP and CRSwNP groups were
slightly increased compared with that in controls.
However, the score of staining intensity of periostin
in the nasal mucosa of CRSsNP and CRSwNP
patients was significantly higher than that of the
controls. These contradictory results suggested
that the expression level of periostin mRNA was
inconsistent with that of periostin molecules in the
nasal mucosa. Periostin is primarily expressed in
the basal membrane of nasal mucosal tissues of
patients with allergic rhinitis, CRSwWNP and asthma
induced by aspirin, which suggests that periostin
might result in fibrosis and structure remodelling
of nasal mucosa.” Furthermore, periostin plays a
role in the activation of TGF-f§ and the elasticity
of collagen gel, which could change the formation
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Table 2
Comparison of different serum markers among three groups
Group EOS proportion Periostin mRNA 2-ACt | Serum periostin pg/mL IHC grade
CRSsNP 1.62 0.751737 46144 .26 4
CRSsNP 5.95 0.058542 52825.77 5
CRSsNP 349 0.33748 55993.83 3
CRSsNP 2.59 031292 44972.05 4
CRSsNP 1.1 0.591879 55387.92 4
CRSsNP 1.1 0.723067 57818.25 4
CRSsNP 352 0.30481 53126 3
CRSsNP 3.54 0.032122 85286.96 4
CRSsNP 22 0.712232 51776.62 3
CRSsNP 0.24 0.303021 63045.24 5
CRSsNP 2.74 0.604293 61036.78 4
CRSsNP 22 0.709975 50284.39 3
CRSwNP 7.31 1.060086 86998.57 4
CRSwNP 1.1 0.147665 47764.11 3
CRSwNP 4.94 0.116315 56449.16 4
CRSwNP 39 0.034786 35618.73 4
CRSwNP 32 0.283102 3322354 3
CRSwNP 32 0.045723 4322231 4
CRSwNP 3.6 0.156325 43076.85 3
CRSwNP 2.5 0.145305 51477.66 4
CRSwNP 9.14 1.428213 110126.18 5
CRSwNP 5.54 0.267444 76802.43 5
CRSwNP 42 1.004811 42206.22 3
CRSwNP 11.14 0.106144 92451.96 4
CRSwNP 8.61 1.082159 83476.08 4
CRSwNP 3.6 0.029242 34770.75 3
CRSwNP 4 1.452425 46879.53 4
CRSwNP 0.1 0.26582 34771 3
CRSwNP 8.21 0.142614 67256.08 4
CRSwNP 8.71 0.09964 60421.56 4
CRSwNP 7.21 0.031074 30431.76 3
CRSwNP 44 0.25346 49986.53 4
CRSwNP 3.84 0.091325 4133821 3
CRSwNP 0.7 0.16665 38799.7 3
CRSwNP 1.1 0.115006 48799.87 5
CRSwNP 09 0.265925 31126.92 3
CRSwNP 3.14 1.454546 30709.61 3
CNS 22 0.434486 34066.41 3
CNS 2.1 1.000491 31545.01 3
CNS 22 0.084252 15336.19 3
CNS 2.6 0.285122 30153.97 2
CNS 0.7 0.128637 36044.03 3
CNS 244 0.244841 22365.96 2
CNS 4.84 0.417404 27806.71 3
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Table 2 continued

Comparison of different serum markers among three groups

CNS 0.6 0.112773 38321.35 4
CNS 334 041725 4541144 4
CNS 13 1.033026 31266.17 3
CNS 2.5 0.062957 32382.78 3
CNS 3 0.281146 30570.65 2
CNS 25 0.119548 43367.39 3
CNS 25 0.385272 32802.55 3
CNS 0.4 0.102574 18626.55 1

and cross-linking of collagen fibres, increasing
matrix rigidity .®

Periostin may play a role in maintaining
stabilization of the local internal environment.
Certain inflammatory cells, mediators and cytokines
are involved, resulting in DNA modification, gene
silencing and excessive methylation. Moreover,
such methylation might lead to transcription
silencing for certain genes and changes in gene
expression as long as the gene sequence remains
unchanged.'® Methylation may also enhance and
facilitate the translation of periostin mRNA and
periostin modification after translation, resulting
in up-regulated expression of periostin molecules.
Consequently, the chronic inflammation process of
mucosal tissues in rhinosinusitis become involved.
TGF-B1 might be the upstream inducing factor of
relevant changes in chronic sinusitis."”

In the present study, the staining intensity of
periostin in the CRSsNP and CRSwNP groups
were significantly enhanced compared with
the control group, suggesting that the action of
chronic inflammation resulted in the structural
changes of nasal mucosal tissues in patients with
CRS. Consequently, the nasal mucosal tissue was
remodelled. Periostin might be involved in the
structure remodelling of extracellular matrix in
patients with CRS.” The periostin was distributed
in similar locations in the CRSsNP and CRSwNP
groups, probably indicating the consistency
of the form and type of tissue remodelling of
nasal mucosa between CRSsNP and CRSwNP
patients. Chronic inflammation results in structural
changes including polyp formation, angiogenesis,
proliferation of goblet cells, epithelial shedding
and fibrosis under nasal mucosal epithelium in the
nasal cavity and nasal sinuses of CRS patients; these
changes are known as tissue remodelling.” Previous

investigations found that the expression levels of
TGF-f31 and P2 proteins and their receptors TGF-
BR1 and R3mRNA and the deposition of relevant
collagens were all up-regulated in the CRSsNP
group. In contrast, the expression of TGF-f1 protein
and their receptors TGF-BR1, R2, and R3mRNA,
as well as the deposition of relevant collagen in the
CRSwNP group were down-regulated.'®

The presence of wound healing delay,”
progression of disease™ and decrease of fibrosis
under nasal mucosal epithelium* in some animal
models with deficiency of periostin confirmed
that periostin was involved in fibrosis under nasal
mucosa and the remodelling of tissue structures in
the pathogenesis of CRS. No qualitative, positional
or quantitative study focusing on collagen fibres
and correlated factors of nasal mucosa has been
conducted in our study. Therefore, the results
of the present study could not illustrate the
consistency of the severity of fibrosis under nasal
mucosal epithelium and the form and type of tissue
remodelling of nasal mucosa between CRSsNP and
CRSwNP patients.

In the study, we analysed the relationship
between the serum concentration of periostin,
periostin mRNA in nasal mucosa, IHC staining
grading and the proportion of eosinophils in blood.
We found that the serum concentration of periostin
and IHC staining grading were correlated with the
proportion of eosinophils in the blood to a certain
extent. Periostin mRNA expressed in the nasal
mucosa was not correlated with the proportion of
eosinophils in the blood. Periostin could facilitate
the infiltration of eosinophils in TH2-related
inflammation of oesophageal mucosa.” The serum
level of periostin is one of the reliable markers
of eosinophils in patients with asthma.’> Thus,
periostin is involved in the chronic inflammation
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process of nasal mucosa as an inflammatory
mediator during the chronic inflammation process
of the nasal mucosa.?* Periostin may also play a
role as a concomitant mediator or effective factor
of eosinophils, in which the internal mechanism
was unclear. The IHC characteristics of CRSsNP
differed from those of CRSwWNP in Chinese adults.
TH1 inflammatory reactions were primarily
presented in CRSsNP. TH2, particularly TH17
inflammatory reactions, were mainly presented in
eosinophilic CRSwNP. Eosinophils could result in
DNA modification, gene silencing and excessive
methylation via 5-bromocytosine.” Cytosine
methylation might lead to transcription silencing for
certain genes and change of the protein expression
under prerequisite not to change the gene sequence.
Certain proinflammatory and anti-inflammatory
genes with opposite effects might be present in
chronic sinusitis. Cytosine methylation resulted
in the expression imbalance of certain genes and
subsequent inflammation.

In this investigation, ROC curve analysis
revealed that the ROC AUC for a serum level
of periostin was 0.8The specificity was 0.867
and the sensitivity was 0.811 when the periostin
concentration was 38.56 pg/ml. Patients can be
diagnosed with chronic rhinosinusitis when the
periostin level exceeds this threshold. However,
patients’ medical history, clinical symptoms,
physical signs, imaging findings and laboratory
examinations should be combined with the
threshold of periostin in the diagnosis of chronic
rhinosinusitis in clinical practice. The effect of
chronic rhinosinusitis on the quality of life of the
affected patients has been well described in previous
literature > Compared to patients without CRS,
those with CRS required a longer bed stay more
nursing care by healthcare professionals and mental
health experts. Quality of life is a pivotal tool in the
assessment of the rhinosinusitis severity, clinical
efficacy and quality of care of these patients.* In
this study, the detection of serum periostin should
be combined with clinical and laboratory tests in
the early diagnosis of chronic rhinosinusitis and
thus accelerate the clinical recovery.

In 2016, Lou et al.* analysed the association
between the phenotypes of CRSwNP and clinical
prognosis, identified cellular phenotypes of
CRSwNP using cluster analysis and contributes
to the exploration of the delivery of personalized
therapy. They demonstrated that CRSwNP Chinese
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people can be classified into five phenotypes
with different polyp recurrence rates based on
the presence of predominantly plasma cells,
lymphocytes, neutrophils or mixed inflammatory
cells in the polyps.® In our next study, we will
analyse the difference in the serum level of periostin
in patients diagnosed with different phenotypes of
CRSwNP.

Conclusion

Periostin was involved in the inflammation process
of CRS as a biomarker, which provided a potential
target for individualized therapy of CRS.
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