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Eosinophilic chronic rhinosinusitis (ECRS) is a subgroup of chronic rhinosinusitis with nasal polyps
(CRSWNP), which is associated with severe eosinophilic infiltration and intractable. Its symptoms include
dysosmia, nasal obstruction, and visous nasal discharge. The cause of ECRS is not clear, although it is
thought that Staphylococcus aureus and its enterotoxins are involved in stimulating the Th2 system to

KeyWOITdS-‘ S promote IgE production and eosinophil infiltration through various pathways. While, the coagulation
gg_‘rolmc rhinosinusitis with nasal polyp system is activated and the fibrinolytic system is suppressed, leading to deposition of fibrinous networks
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in nasal polyps. Therefore, a fibrin-degrading agent could be a new treatment for ECRS.
Genetic analysis of nasal polyp cells using next-generation sequencing has identified some of the factors
involved in ECRS, including periostin, which can be used as a biomarker of this condition. A protease inhibitor

could be a therapeutic agent for ECRS. Regarding the role of eosinophils, many researchers have been interested
in the mechanism of ETosis. However, the mechanism leading to development of nasal polyps is unknown.
In Japan (as well as in East Asia), the incidence of non-ECRS is decreasing and that of ECRS is
increasing, but the reason is also unknown. Thanks to the development of biologics therapy, it is thought
that there will be a shift to precision medicine in the future.
Copyright © 2019, Japanese Society of Allergology. Production and hosting by Elsevier B.V. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

History of chronic rhinosinusitis in Japan

It was thought that the incidence of rhinosinusitis was higher in
Japan than in Europe or the United States because Japanese people
have flatter faces than Europeans and Americans. The pathogenesis
of chronic rhinosinusitis (CRS) involves production of secretions in
the paranasal sinuses in response to viral infection and secondary
bacterial infection, followed by accumulation of these secretions in
the sinuses due to impaired drainage and development of persis-
tent inflammation. Patients with CRS complain of symptoms such
as purulent nasal discharge, nasal obstruction, headache, cheek
pain, and toothache. In Japan, this condition was often known as
empyema, rather than CRS. In some patients with CRS, polyps
develop in the nasal cavity, while other patients do not have any
polyps. CRS associated with nasal polyps is called CRS with nasal
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polyps (CRSWNP), while the other type is called CRS without nasal
polyps (CRSsNP).

After World War Il in Japan, use of the Caldwell-Luc operation
under local anesthesia to treat CRS was popularized by otorhino-
laryngologists, including those with their own clinics. In this
operation, purulent fluid is aspirated from the maxillary sinus, the
affected mucous membrane is removed, and a nasoantral window
is made for drainage. However, the Caldwell-Luc operation only
achieved a cure rate of 60%, so further improvement was required.!
In 1985, Kennedy” and Stammberger> reported endoscopic sinus
surgery (ESS) for CRS, and it was soon performed widely in Japan.
After the efficacy of long-term low-dose macrolide therapy for CRS
was reported, treatment of CRS in Japan changed dramatically.*> In
particular, the combination of ESS and postoperative macrolide
therapy considerably improved the outcome.

However, CRS in Japan seemed to differ from that in Europe and
the United States. In 1962, Okuda reported that CRSWNP in Europe
and the United States showed eosinophil-dominant inflammatory
cell infiltration, while neutrophil-dominant infiltration was
observed in Japan. Okuda obtained these findings by comparing
nasal polyps between European patients and Japanese patients
while studying in Austria.® Subsequently, many reports were

1323-8930/Copyright © 2019, Japanese Society of Allergology. Production and hosting by Elsevier B.V. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/

licenses/by-nc-nd/4.0/).


http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:sfujieda@u-fukui.ac.jp
http://crossmark.crossref.org/dialog/?doi=10.1016/j.alit.2019.07.002&domain=pdf
www.sciencedirect.com/science/journal/13238930
http://http://www.elsevier.com/locate/alit
https://doi.org/10.1016/j.alit.2019.07.002
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.alit.2019.07.002
https://doi.org/10.1016/j.alit.2019.07.002

404 S. Fujieda et al. / Allergology International 68 (2019) 403—412

published that confirmed the existence of neutrophil-dominant
inflammatory cell infiltration in Japanese CRS. As mentioned
above, long-term low-dose macrolide therapy was the first treat-
ment for CRS to demonstrate efficacy in Japan. This treatment
method was originally approved for diffuse pulmonary bronchiolitis
with neutrophil-dominant inflammatory cell infiltration.” Diffuse
pulmonary bronchiolitis is often associated with CRS, and this
combination is known as the sinobronchial syndrome. When CRS
with neutrophil-dominant inflammatory cell infiltration was
treated by macrolide therapy for diffuse pulmonary bronchiolitis
with neutrophil-dominant infiltration, excellent results were ach-
ieved.* Now, macrolide therapy is also widely used in Europe and
the United States, and is becoming first-line treatment for CRSsNP.®

Appearance of eosinophilic CRS (ECRS) and establishment of
diagnostic criteria

Since the late 1990s, there has been an increase of patients in
whom nasal polyps recur soon after removal by ESS combined with
postoperative macrolide therapy. A survey of such patients showed
that dysosmia was their chief complaint and they also had viscous
nasal discharge and nasal obstruction. Eosinophil-dominant in-
flammatory cell infiltration was observed in nasal polyp tissues
obtained from these patients, instead of the previously common
pattern of neutrophil-dominant infiltration. Other differences be-
tween these patients and ordinary CRS patients were also noted,
e.g., bronchial asthma was a frequent complication in the patients
with eosinophil-dominant inflammatory cell infiltration (Table 1).
Therefore, intractable CRSwWNP was named eosinophilic CRS
(ECRS).” However, the diagnostic criteria for ECRS were initially
vague, and it was diagnosed if a patient had symptoms and histo-
pathological examination showed eosinophil-dominant inflam-
matory cell infiltration. In order to establish guidelines for the
diagnosis of ECRS, a multicenter large-scale epidemiological study
“Japanese Epidemiological Survey of Refractory Eosinophilic
Chronic Rhinosinusitis Study” (JESREC Study) was initiated in 2010
as a part of the Research on Measures for Intractable Diseases by the
Japanese Ministry of Health, Labour and Welfare. Eventually,
diagnostic criteria for ECRS were established, as shown in Table 2.
Using these diagnostic criteria, the JESREC score is determined as
the sum of the scores for four items and a diagnosis of ECRS is made
if the JESREC score is 11 points or higher.'? A final diagnosis of ECRS
is made by examination of a biopsy specimen or resected tissue
under a microscope at 400x (ocular lens, field number 22). When
the mean number of eosinophils in three fields is 70 or more, a
definite diagnosis of ECRS can be made.

Table 1
Difference between ECRS and CRSWNP neutrophil type.'”

ECRS CRSWNP
neutrophil type

Age 20 years or older
Main symptoms Dysosmia

All ages

Nasal obstruction

Nasal discharge
Headache

Purulent, mucous
Unilateral or bilateral &
solitary or multiple
Middle meatus

Viscous, colloidal
Bilateral & multiple

Properties of nasal discharge
Features of nasal polyps

Middle meatus &
Olfactory cleft
Ethmoid sinus

Site of nasal polyps

Main site involved Maxillary sinus

Predominant infiltrating cell ~ Eosinophil Neutrophil
Complications Asthma Diffuse bronchiolitis
Aspirin intolerance  Bronchiectasis
Drug allergy
Oral steroid treatment Effective Resistance
Macrolide therapy Resistance Effective

Table 2
Criteria for diagnosis of eosinophilic chronic rhinosinusitis (JESREC score).'”
Factor Score
Side affected: both sides 3 points
With nasal polyps 2 points
CT changes: ethmoid/maxillary > 1 2 points
Peripheral blood eosinophil count (%)
2< and <5% 4 points
5< and <10% 8 points
10%< 10 points

When the total score is 11 points or higher, the possibility of eosinophilic
chronic rhinosinusitis is high. A definite diagnosis of eosinophilic chronic
rhinosinusitis should be made by microscopic examination of nasal polyp/
paranasal sinus tissues, if three fields inspected under a microscope at a total
magnification of 400x (ocular lens, field number 22) show 70 or more eo-
sinophils per field.

Next, criteria for determining the severity of ECRS were defined,
with two factors being assessed to determine the severity of ECRS.
The first factors are a peripheral blood eosinophil percentage of
more than 5% and ethmoid sinus-predominant involvement on CT
scans. The second factor is the presence of complications (current
asthma or a history of asthma, aspirin intolerance, and/or NSAID
allergy). The algorithm is displayed in Figure 1. Eventually, CRS was
classified into the following four categories: non-ECRS, mild ECRS,
moderate ECRS, and severe ECRS. After treatment of ECRS for six
years, Kaplan—Meier analysis showed that the frequency of recur-
rent nasal polyps was 13% in patients with non-ECRS, 23% in those
with mild ECRS, 31% in those with moderate ECRS, and 52% in those
with severe ECRS, with significant differences among these four
groups.'’

Chronic rhinosinusitis in Europe and the United States

In Europe and the United States, chronic rhinosinusitis is only
classified into two categories, which are CRSsNP and CRSwNP.
About 20% of patients with CRS are diagnosed as having CRSWNP
and require ESS." In European and American patients with
CRSWNP, eosinophil-dominant inflammatory cell infiltration is
generally observed and CRSWNP is often complicated by asthma.
Accordingly, it is thought that CRSWNP is caused by a type 2 im-
mune response. In contrast, CRSsNP is thought to be caused by a
type 1 immune response to infection, since neutrophil-dominant
inflammatory cell infiltration is generally observed.'?

It has been reported that eosinophil-dominant inflammatory
cell infiltration is found in 60—90% of CRSWNP patients from Europe
and the United States, although the definition of eosinophil-
dominant infiltration used in that study was different from the
Japanese definition and only required the presence of 5—10 or more
eosinophils per field (total magnification of 400 x ) for classification
as eosinophil-dominant.!! On the other hand, the threshold is much
higher in Japan and the number of eosinophils per field (total
magnification of 400x ) needs to be 70 or more or 200 or more to be
considered eosinophil-dominant.>~"> In American patients with
CRSwWNP undergoing ESS, recurrence was observed at 18 months
postoperatively in 40% of patients.' In that study, 56% of the pa-
tients also had asthma as a complication, which was a much higher
frequency than the asthma rate of 27% for the ECRS group in the
JESREC study.

Bachert's group from Ghent University (Belgium) defined three
phenotypes of CRS (Fig. 2)."” Non-type 2 group had CRSsNP with
little asthma comorbidity. The moderate type 2 group indicated
CRSwNP with increase asthma prevalence. Severe type 2 group was
associated with CRSWNP in nearly all cases and asthma comorbidity
in up to 70%. These findings suggest that mild ECRS and moderate
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Chronic Rhinosinusitis
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= CT shadow: Ethmoid >Maxillary

Not both f

1 Both +

* Bronchial asthma
= Aspirin intolerance
* NSAIDs allergy

* Bronchial asthma
= Aspirin intolerance
- NSAIDs allergy

All negative One item + All negative | One item +
Mild Moderate Severe
Non-ECRS ECRS ECRS ECRS

Fig. 1. Diagnostic algorithm for refractory ECRS.' Patients with CRS would be classified into four categories by JESREC score, Factors A and B. Factor A is a peripheral blood
eosinophil percentage >5% and ethmoid-dominant changes on CT. Factor B is comorbidities (asthma, aspirin intolerance, and NSAID intolerance). Factor A (+): both of two factors
fulfilled, (—): at least one factor not fulfilled. Factor B (+): at least one factor fulfilled, (—): all three factors not fulfilled.

ECRS in Japan are similar to moderate type 2 group in Europe.
Severe ECRS in Japan is also similar to severe type 2 group in Europe
(Fig. 2).

Is ECRS hereditary?

There have not been any reports that ECRS has an obvious fa-
milial tendency. Recently, Kristjansson et al. published an inter-
esting genome-wide association study of patients with nasal
polyps, patients with CRS, and controls, which showed that
CRSWNP were associated with mutations of ALOX15, HLA, IL-18R1-
IL1RL1, IL-33, FOXP1, CYP2S1, SLC22A4, MYRF, TSLP, and 10p14."®
They found that nasal polyps were not likely to arise when there
was no 15-LO enzyme activity due to a missense variant of ALOX15.
Our SNIP analysis showed that ECRS may be associated with the
rs1837253 genotype in TSLP, and some of our findings were
consistent with the data obtained by Kristjansson and colleagues."”
Miyata et al. reported that metabolic products downstream of

in eosinophils from nasal polyps, which were inconsistent with
data reported by Kristjansson et al.>® We compared RNA expression
between nasal polyps and inferior turbinate mucosa by RNAseq
analysis (data shown below), and showed that ALOX15 expression
was significantly increased in nasal polyps.”! Accordingly, we have
no doubt that ALOX15 is involved in ECRS to some extent.

Does Staphylococcus aureus cause ECRS?

As is the case with allergic rhinitis (AR), it is thought that ECRS
and CRSWNP develop in a Th2-dominant environment.”” In patients
with AR, allergens including pollens and mites enter the nasal mu-
cosa, where dendritic cells capture the allergens and transmit in-
formation to naive CD4-positive T cells, which differentiate into Th2
cells under stimulation by IL-4 to produce IL-4, IL-5, and IL-13. It has
been reported that IL-4 stimulates differentiation of B cells into
allergen-specific IgE-producing plasma cells, which then produce
IgE. The allergens associated with ECRS have not been clarified

ALOX15 were decreased due to abnormal ALOX15 enzyme activity (Fig. 3). Bacteria are potential candidate allergens. When
CRSwNP
Japan Eosinophilic CRS
Neutrophil
Mild Moderate
0 45
0 10
plout Moderate type 2 S type 2
rophil yp evere type
Europe
CRSwNP

Fig. 2. Phenotype of CRSWNP: Comparison between Japan and Europe. Mild and moderate ECRS in Japan are similar to moderate Type 2 CRSWNP in Europe. Severe ECRS in Japan is

also similar to severe type 2 CRSWNP in Europe.



406 S. Fujieda et al. / Allergology International 68 (2019) 403—412

Staphylococcus

aureus
Epithelium
Naive T A/ Mast cell
(
IL-6 IgE
Class "-'4
switching .
IL-5/IL-4/IL-13 \ -,
“ J
J P
— ¥
Secondary IgE Plasm cell DN 3
production SEB-specific
IgE

Fig. 3. Mechanism of Staphylococcal enterotoxin-specific IgE production.”>~?> SEB induces SEB-specific IgE by Th2 cytokine. SEB, Staphylococcal enterotoxin B.

Staphylococcus colony formation in the nasal cavity was examined, it
was found that the colony count was higher in patients with CRSWNP
than in healthy subjects or patients with CRSsNP. Bachert's group
demonstrated that nasal polyps contained Staphylococcal entero-
toxin (SE)-specific IgE, which was directed against SEs produced by S.
aureus, and they suggested that SE was a causative allergen of
CRSWNP.%3 SE also plays a role as a superantigen that nonspecifically
activates T cells, after which the activated T cells release Th2 cyto-
kines such as IL-4, IL-5, and IL-13. These cytokines activate various
types of antigen-specific B cells, which produce polyclonal IgE
(Fig. 3). Binding of IgE to mast cells causes the release of chemical
mediators (especially eosinophil chemotactic factors) in response to
various antigens, resulting in eosinophilic inflammation.

Among the SEs, staphylococcal enterotoxin B (SEB) stimulates
the production of IL-5, IL-13, and RANTES by nasal polyp cells, while
production of these cytokines in response to SEB is inhibited by
prostaglandin E, (PGE,).%* Lipopolysaccharide (LPS) is a cell wall
component of gram-negative bacteria that promotes PGE; pro-
duction, thus inhibiting production of IL-5 and IL-13 by nasal polyp
cells stimulated with SEB% (Fig. 4). On the other hand, SEB inhibits
the production of PGE, and cyclooxygenase 2 (COX-2) by nasal
epithelial cells, which means that SEB can prevent suppression of
eosinophilic inflammation and promote the persistence of an in-
flammatory response (Fig. 4). In mice, it was shown that infection
with S. aureus is prevented by IFN-11.2° When cultured nasal mu-
cosa cells from healthy individuals were infected with S. aureus, the
number of the infected cells was significantly decreased by addition
of IFN-A1 to the culture. The IFN-A1/IL-28/reactive oxygen species
(ROS)/Janus kinase/STAT signaling pathway was involved in pre-
vention of S. aureus infection. However, a similar experiment
showed that IFN-A1 did not decrease the number of nasal polyp
cells with S. aureus infections, suggesting that there were differ-
ences between nasal mucosa cells and nasal polyp cells.?’

A recent analysis of extracellular S. aureus proteins to which
human IgG4 binds identified six Staphylococcal serine protease-
like proteins (Spls A—F). T cell specific for each Spl showed signif-
icant production of IL-4, IL-5, and IL-13. However, the concentra-
tions of Spls required to stimulate production were substantially
higher than that of SEB. On the other hand, levels of SplA, SplB,

SplD, and SpIE specific IgE were significantly higher in patients with
asthma than in healthy individuals. When mice received repeated
intratracheal administration of SplD, eosinophilic infiltration was
observed in the lungs and SplD-specific IgE was detected in the
serum.”® In addition, eosinophilic inflammation caused by SpID
was inhibited by blocking IL-33 activity with soluble ST2 receptors,
indicze;ting that such inflammation is mediated by the IL-33/ST-2
axis.

Is S. aureus the only causative microorganism?

Infection of nasal polyp tissues with non-enterotoxigenic S.
aureus increased the production of IL-33, TSLP, IL-5, and IL-13.
When inferior turbinate tissues from healthy individuals were
infected with non-enterotoxigenic S. aureus, only TSLP production
was increased. On the other hand, when nasal polyp tissues and
inferior turbinate tissues from healthy individuals were infected
with Staphylococcus epidermidis, there was no increase in the pro-
duction of any cytokine or factor. These findings clearly showed
that S. aureus is involved in promoting an increase of cytokine
production in epithelial tissue.>°

It was thought that certain types of S. aureus could disrupt
intercellular adhesion factors and damage the epithelial ciliary
transport system and barrier function. Interestingly, a recent study
showed that expression of intercellular adhesion factors was
increased and barrier function was improved by the presence of S.
aureus in nasal mucosa tissues from healthy subjects, while this
effect was not observed and expression of adhesion factors was
suppressed in nasal mucosa tissues from patients with CRSWNP.*!
When primary cultured epithelial cell lines derived from nasal
polyps of patients with CRSWNP were exposed to components of S.
aureus, wound healing was delayed due to delayed repair, reduction
of lamellipodial protrusion, and reduction of migratory activity
compared with control primary cultured epithelial cell lines.>? In
addition, substances in S. aureus culture supernatant delayed
wound healing by primary cultured epithelial cell lines derived
from nasal polyps of CRSWNP patients. On the other hand, treat-
ment of cells with a Rho-associated coiled-coil kinase (ROCK) in-
hibitor normalized wound healing. These findings suggested that S.
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Fig. 4. Mechanism of nonspecific IgE production.”>>> SEB and some bacteria induce epithelial and type 2 cytokines. These cytokines induce polyclonal IgE.

aureus and substances in its culture supernatant can delay wound
healing in the nasal mucosa by activation of ROCK.

Production of IL-5 was observed in nasal polyp tissues in which
S. aureus was detected by high performance mass spectrometry,
while the IL-5 level decreased after S. aureus was killed by an
antibacterial agent.>

IgE class switching can occur in the nasal mucosa.>* Based on
the detection of SE-specific IgE in nasal polyps, S. aureus is thought
to be the causative organism of ECRS. However, it has been shown
that IgG, IgA, and IgE directed against Streptococcus pyogenes,
Haemophilus influenzae, and Pseudomonas aeruginosa are also found
in nasal polyp tissues and that Tfh cells play an important role in
immunoglobulin class switching (Fig. 4). In addition, it has been
reported that existence of bacteria-specific IgE in the nasal cavity
can be explained by sequential class switching from bacteria-
specific IgG or IgA1.>> Given these findings, it seems probable
that several species of bacteria can promote the formation of nasal
polyps under certain conditions.

Role of fibrin in eosinophilic chronic rhinosinusitis

We previously found excessive formation of fibrinous deposi-
tion in nasal polyps from patients with ECRS.?® Fibrinous networks
are formed during the process of wound healing and then are
infiltrated by inflammatory cells. Fibrinous networks usually
dissolve within a few days and edema improves. However, the
coagulation system and/or fibrinolytic system regulate the forma-
tion/dissolution of these fibrinous networks, and these systems
may be abnormal in the nasal polyps of ECRS patients, with such
abnormalities being involved in the development of this disease
(Fig. 5). S. aureus produces coagulase, which coagulates plasma, and
this could also influence the onset of ECRS.

Therefore, we performed screening for expression of all coagu-
lation factor genes and found a marked increase in the expression
of coagulation factor XIII-A (FXIII-A) in nasal polyps from ECRS
patients.>” FXIII is a transglutaminase that cross-links proteins, and
it promotes the formation of hard fibrin clots from fibrinous net-
works in the final stage of coagulation. We performed

immunohistochemical analysis to determine the localization of
FXIII-A in nasal polyps from patients with ECRS, and we found that
it was expressed by M2 macrophages infiltrating the submucosal
tissues. It was reported that CCL18-expressing M2 macrophages are
increased in nasal polyps of patients with ECRS.>® CCL-18 is
involved in fibrosis and in the formation of fibrinous networks
(data shown below). Additionally, mast cells release eosinophil
chemotactic factors and can stimulate hyperfunction of coagulation
system. Three types of mast cells have been identified in ECRS
(tryptase, chymase, carboxypeptidase A3), which are different from
those seen in healthy persons, but the role of these mast cells in
ECRS is unknown.>®

The fibrinolytic system involves a series of reactions by which
plasminogen synthesized in the liver is transformed into plasmin
that dissolves fibrinous networks. Homeostasis is achieved by
maintaining the balance between the coagulation system and the
fibrinolytic system (Fig. 5). The intensity of fibrinolysis can be
evaluated by measuring the levels of FDP and d-dimer, which are
decomposition products of fibrinous networks. In nasal polyps from
patients with ECRS, excessive formation of fibrinous networks oc-
curs due to increased activity of the coagulation system and the d-
dimer level is low. This suggests that the fibrinolytic system is
suppressed in ECRS patients. We evaluated two proteases, urokinase
plasminogen activator (u-PA) and tissue plasminogen activator (t-
PA), which transform plasminogen into plasmin. We found that
expression of t-PA was markedly decreased in nasal polyps obtained
from patients with ECRS.® Not only were t-PA mRNA and protein
levels decreased, but t-PA activity was also decreased, suggesting
that plasminogen activator inhibitor-1 (PAI-1; an inhibitor of both u-
PA and t-PA) is also involved in the development of ECRS.

Expression of t-PA was suppressed at the DNA level. Therefore,
we evaluated methylation of CpG sites at the 3’-end of the pro-
moter region of the gene for t-PA (PLAT gene), and we showed that
hypermethylation suppressed t-PA expression in nasal polyps
compared with its effect in the inferior turbinate mucous
membrane.*°

Nasal epithelial cells also produce t-PA. Expression of t-PA was
significantly increased when cells were treated with bacterial short
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Fig. 5. Enhancement of coagulation and inhibition of fibrinolysis in ECRS.>* “** Coagulation cascade is activated and fibrinolysis cascade is suppressed in nasal polyps. This

imbalance induces excessive formation of fibrin deposition in nasal polyps.

chain fatty acids, with this effect being mediated by expression of
the short chain fatty acid receptors GPR41 and GPR43 on epithelial
cells.*! This result suggests that the presence of normal nasal bac-
teria and/or other bacteria in the nasal cavity can help to dissolve
fibrin, leading to smaller nasal polyps.

Thus, a new treatment for ECRS could involve dissolution of
fibrin combined with normalization of coagulation system activity.
We focused our attention on Nattokinase, a component of natto
that dissolves fibrin into d-dimer. When fragments of nasal polyp
tissues were treated with Nattokinase for 24 h at 37 °C, the polyp
fragments became smaller and thinner. When sticky nasal
discharge and sputum were treated with Nattokinase, stickiness
was significantly reduced.*” Therefore, we conducted a large-scale
multicenter placebo-controlled, randomized, comparative, double-
blind study of Nattokinase in patients with ECRS. While Nattoki-
nase was effective in some patients, the study revealed no signifi-
cant differences between the Nattokinase group (n = 101) and the
placebo group (n = 100) (manuscript under submission). The lack
of a significant difference between the groups in our study may
have arisen because the treatment period was only 8 weeks and the
nasal polyp score was not evaluated uniformly.

Eosinophils and rhinosinusitis

Severe ECRS is often complicated by aspirin intolerance.
Comprehensive analyses of proteins in nasal polyps from patients
with aspirin intolerance and nasal polyps from patients with non-
ECRS showed a significantly increase in the expression of L-plas-
tin (LCP-1), eosinophil lysophospholipase, and Charcot-Leyden
crystals (CLCs) in nasal polyps obtained from patients with
aspirin intolerance.*> L-plastin was mainly expressed by eosino-
phils. After L-plastin knockdown with siRNA in an eosinophil cell
line (EoL-1 cells), cellular infiltration through GM-CSF and infil-
tration from vascular endothelial cells were inhibited. Additionally,
L-plastin expression was associated with the expression of tissue

factor (a coagulation factor) and contributed to an increase of
coagulation activity.

Furthermore, significantly more Charcot-Leyden crystals (CLCs)
were observed in nasal polyps from patients with ECRS. During the
process of cell death mediated by eosinophil extracellular traps
(ETosis), localization and release of galectin-10 causes formation of
CLCs.** In ECRS patients, eosinophil ETosis commences in the
lamina propria of the mucous membrane, after which eosinophils
migrate through the epithelium to the nasal cavity where DNA
traps for bacteria exist. The damaged DNA subsequently promotes
the production of viscid secretions* (Fig. 6), which presumably
cause a viscid nasal discharge in patients with ECRS. In an ex vivo
model of the human mucous membrane, ETosis and DNA traps
were significantly correlated with an increase of S. aureus colony
formation and increased production of IL-5 and periostin. However,
S. epidermidis did not promote either ETosis or DNA traps.“®

Eosinophilic infiltration into the paranasal sinuses and nasal
polyps may be mediated by expression of peripheral lymph node
addressin (PNAd) on vascular endothelial cells. PNAd is a ligand of
L-selectin. PNAd expression in the blood vessels of nasal polyps was
significantly increased in ECRS patients compared with non-ECRS
patients. ECRS occurs in a calcium-dependent manner, and eosin-
ophilic infiltration was significantly inhibited when eosinophils
were treated with anti-L-selectin antibody.*’

Analysis by next-generation sequencing

To find biomarkers of ECRS, we performed within-patient
comparison of gene expression in nasal polyps and in the mucous
membrane of the inferior turbinate by next-generation
sequencing.’’ We found significantly increased expression of
1264 genes in nasal polyp tissues, as well as significantly decreased
expressions of 899 genes. Among 620 genes with an increased
expression, top seven genes, POSTN, CST-1, SERPINB3, CCL18, FDCSP,
CXCL17, ALOX15 were significantly highly expressed in nasal polyps
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Fig. 6. ETosis and DNA traps in ECRS.***° ETosis and Charcot-Leyden crystals are observed in nasal polyps of ECRS. DNA traps for Staphylococcus aureus occur in CRSWNP of Europe.

than in inferior turbinate mucous membrane. The gene POSTN
(periostin) demonstrated the highest expression in nasal polyp
tissues.

Role of periostin in ECRS

We performed immunohistochemistry for periostin in nasal
polyps from patients with ECRS and patients with conventional
CRS. This investigation showed diffuse strong immunostaining for
periostin in the nasal polyps from patients with ECRS. Then we
measured the serum periostin level by ELISA (Shino-Test Corpora-
tion, Tokyo) in patients with non-ECRS, mild ECRS, moderate ECRS,
and severe ECRS. We found that the serum periostin level increased
significantly along with the severity of ECRS. In addition, there was
a significant positive correlation between the serum periostin level
and the eosinophil count in peripheral blood.?' Then we deter-
mined the cutoff value of periostin based on receiver operating
characteristic (ROC) analysis, and we used the Kaplan Meier
method to estimate the recurrence rate of nasal polyps after ESS.
Our results showed that the polyp recurrence rate was significantly
higher in patients with a high serum periostin level, suggesting that
the preoperative serum periostin level could be a clinical marker for
recurrence after ESS.

The level of periostin is correlated with those of vascular endo-
thelial growth factor (VEGF) and regulated on activation normal T
expressed and secreted (RANTES), with levels of all 3 factors being
high in patients with ECRS. It was reported that the levels of VEGF
and RANTES also changed as the periostin level increased or
decreased in vitro, and another group reported that periostin is
related to the onset and prognosis of ECRS.*® Asthma is often pre-
sent in patients who have CRSWNP. The serum periostin level was
found to be significantly higher in patients who had asthma and
CRSwWNP than in patients who had asthma without nasal polyps, and
the serum periostin level showed a significant positive correlation
with the paranasal sinus CT score (Lund—Mackay score).*?

ECRS and protease inhibitors

After periostin, expression of CST-1 (Cystatin SN) was the next
highest in nasal polyps. CST-1 is a cystatin protease inhibitor that is
produced by cells in the nasal mucosa to inhibit cystatin proteases
(proteolytic enzymes) from allergens, bacteria, and viruses. As was
done for periostin, we performed immunohistochemical staining to
detect CST-1 in nasal polyp tissues, and we found that CST-1 staining

became more intense and more diffuse along with an increase in the
severity of ECRS, while CST-1 staining was weaker in non-ECRS.
When the intensity of CST-1 staining was converted to a score, the
score was significantly higher in ECRS than in non-ECRS, and the
score showed a positive correlation with the severity of the condi-
tion. Additionally, expression of CST-1 mRNA in nasal polyps dis-
played a significant positive correlation with the eosinophil count in
the polyps and with the level of expression of mRNAs for TSLP, IL-33,
CCL11 (eotaxin-1), and periostin. Production of TSLP by nasal
mucosal epithelial cells was increased in response to stimulation
with IL-4, dsRNA, and CST-1, while productions of Eotaxin-1 and
periostin by nasal mucosal fibroblasts increased after stimulation
with CST-1.° Thus, CST-1 seems to be involved in the promotion of
eosinophilic infiltration in patients with ECRS (Fig. 7). Subsequently,
there was a report from China that CST-1 promotes the activation
and migration of eosinophils,”' in support of our findings.

Cystatin A is another protease inhibitor and a member of the
cystatin family. In contradiction to CST-1, cystatin A was decreased
in mucous membranes from patients with ECRS. Allergens were
reported to induce production of TSLP, IL-25, and IL-33 by nasal
mucosal epithelial cell lines, while pretreatment with recombinant
cystatin A inhibited allergen-induced production of TSLP, IL-25, and
IL-33.? Therefore, induction of cystatin A expression could be a
new approach to the treatment of ECRS.

Serine proteases, including Spl from S. aureus, have been re-
ported to act as allergens. These proteases derived from bacteria,
fungi, and mites interact with each other and also interact with
various inhibitory substances produced by the host, which may
contribute to the pathogenesis of diseases such as AR and ECRS.”*

ECRS and TRPV3

We used next-generation sequencing to examine nasal polyps
from patients who had ECRS and nasal polyps from patients who
had non-ECRS with neutrophil-dominant inflammatory cell infil-
tration, revealing a difference in the expression of transient
receptor potential vanilloid 3 (TRPV3).>* TRPV3 is a Ca’*-perme-
able non-selective cation channel that is abundantly expressed on
keratinocytes. It plays an important role in maintaining the barrier
function of the oral epithelium and has been reported to react to
thermal stimulation and to be involved in perception and trans-
mission of heat sensation. When the expression of TRPV3 was
determined by immunohistochemical analysis in patients with
ECRS, it was found that TRPV3 was expressed by infiltrating cells
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Fig. 7. Role of CST-1 and Cystatin A in ECRS.**°? Virus infection and CST-1 upregulate Th2 cytokine secretion by Th2 cells and eotaxin production by fibroblast. Strong eosinophil
infiltration and high mucin production are induced by CST-1. Cystatin A suppresses TSLP production by epithelial cells.

and the mucosal epithelium, with the level expression being
positively correlated with the severity of the disease. TRPV3
expression also showed a positive correlation with the eosinophil
count in nasal polyps, and TRPV3-positive cells displayed strong
expression of ECP and were likely to be eosinophils.”* However, the
function of TRPV3 is still unknown.

Treatment for ECRS

Oral glucocorticosteroids are effective treatment to decrease
nasal polyps in ECRS patients. However, oral glucocorticosteroids
are not able to be administrated for a long period, because of
adverse effects. Repeated short-course oral glucocorticosteroids
treatments have been performed for severe ECRS patients.' Instead
of oral glucocorticosteroids, topical glucocorticosteroids are
considered for the treatment of CRSWNP.'> However, there is no
evidence that topical glucocorticosteroids have been effective for
ECRS in Japan. The nasal exhalation of inhaled corticosteroids
decreased shadows of ethmoid sinuses of CT in ECRS patients with
asthma.””

Amoxicillin is recommended for the infectious ECRS patients.
Amoxicillin has decreased purulent discharge and changed to
mucous discharge. If Amoxicillin would be ineffective, antibiotics
would be changed in reference of data of bacterial examination in
nasal discharge. Long-term low-dose macrolide therapy has been
often performed, but decrease of nasal polyps and recovery of
hyposmia would not be observed.

ESS and topical glucocorticosteroid treatments after ESS are
currently standard therapies for the treatment of ECRS. However,
considerable numbers of patients had recurrent nasal polyps.'%!>

Figures 3, 4 and 7 show the mechanism of type 2 inflammation.
Treatment options of nasal polyps of ECRS are to target the type 2
inflammation, which is characterized by a prominent role of cyto-
kines, such as IL-4, IL-5, IL-13 and IgE. Clinical studies of these bi-
ologics, anti-IL-5 antibody (Ab), anti-IL-5 receptor (IL-5R) Ab, anti-

IgE Ab and anti-IL-4Ra chain Ab, have been performed for severe
CRSWNP. Anti-IgE Ab (omalizumab) improved nasal obstruction,
hyposmia and nasal secretion scores in ECRS patients with aspirin
induced asthma.’® Placebo-controlled double-blind study of anti-
IL-5 Ab (mepolizumab) demonstrated to decrease nasal polyps
and to improve CT findings in patients with large nasal polyps.>’
Anti-IL-4Ra. chain Ab (dupilumab) improved nasal polyp score, CT
score by Lund—Mackay score, QOL scores and the olfactory test
score.’® Promising results of an international phase IIl trial of
dupilumab for CRSWNP with high polyp scores will be published
soon. Anti-IL-5R Ab (benralizumab) had been effective for limited
patients with ECRS. Precision medicine using biologics will be
performed to ECRS patients in the future.

Conclusion

Currently, the number of patients with ECRS is increasing in
Japan. Although the reason for this increase of ECRS is unknown, a
change of treatment for asthma could be a possible cause. In the
past, oral glucocorticosteroid were often used to treat patients with
moderate or severe asthma. In 1993, the Japanese Society of
Allergology published an asthma prevention and management
guideline, and made efforts to encourage its acceptance. As a result,
both use of oral glucocorticosteroid as treatment and deaths from
asthma decreased significantly, while use of inhaled corticosteroids
as an alternative treatment showed a significant increase.’® Along
with this increase in the use of inhaled corticosteroids, the number
of patients with ECRS also increased. Patients with ECRS often have
asthma, including aspirin-induced asthma, and only oral gluco-
corticosteroid are effective as treatment. Therefore, it seems
reasonable to conclude that this change in the treatment of asthma
may have led to the increase of ECRS. Alternatively, environmental
changes may have led to alterations of the bacterial flora in the
mouth, nasal cavity, and intestine, resulting in an increase of pa-
tients with ECRS. Additionally, food may be important factor for the
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increase of ECRS. Fermented food, ex Natto, may regulate coagu-
lation and fibrinolysis in nasal mucosa.

In conclusion, the etiology and pathogenesis of ECRS have still
not been clarified. ECRS is rarely complicated by other diseases
associated with infiltration of eosinophils, such as including
eosinophilic esophagitis, eosinophilic folliculitis, or eosinophilic
gastroenteritis. The mechanism underlying eosinophil infiltration
in all eosinophilic diseases has not been determined, but if a
common mechanism could be identified, it would lead to a break-
through in treatment for all eosinophilic diseases.

Acknowledgments

This review was supported by a Grant-in-Aid for Scientific
Research (KAKENHI) (B) Grant Number 17H04344, a Health Labour
Sciences Research Grant (H30-Nantitou(nan)-Ippan-016), and grants
from the Japan Agency for Medical Research and Development
(AMED) under Grant Numbers JP17ek0410040 and JP16ek0109062.

Conflict of interest

SF has been an advisory board member for GSK, Kyowa Hakko Kirin and Sanofi;
and has received lecture fees from Kyorin, Taiho and Mitsubishi Tanabe. The rest of
the authors have no conflict of interest.

References

1. Saito H, Takanami N, Saito T, Wakui S, Fujieda S. Studies on the Caldwell-Luc
operation with or without counteropening at the inferior meatus. ORL J Oto-
rhinolaryngol Relat Spec 1990;52:249—53.

2. Kennedy DW, Zinreich SJ, Rosenbaum AE, Johns ME. Functional endoscopic sinus
surgery: theory and diagnostic evaluation. Arch Otolaryngol 1985;111:643—9.

3. Stammberger H. Endoscopic endonasal surgery: concepts in treatment of recur-
ring rhinosinusitis, Par I and II. Otolaryngol Head Neck Surg 1986;94:143—56.

4. Hashiba M, Baba S. Efficacy of long-term administration of clarithromycin in the
treatment of intractable chronic sinusitis. Acta Otolaryngol Suppl 1996;525:73—8.

5. Yamada T, Fujieda S, Mori S, Yamamoto H, Saito H. Macrolide treatment
decreased the size of nasal polyps and IL-8 levels in nasal lavage. Am J Rhinol
2000;14:143-8.

6. Okuda M. [Differences in chronic rhinitis with reference to its incidence and
type in Chiba and Vienna]. Monatsschr Ohrenheilkd Laryngorhinol 1969;103:
56—71 (in German).

7. Kudoh S, Azuma A, Yamamoto M, Izumi T, Ando M. Improvement of survival in
patients with diffuse panbronchiolitis treated with low-dose erythromycin. Am
J Respir Crit Care Med 1998;157:1829—32.

8. Oakley GM, Harvey R], Lund V]. Th rolee of macrolides in chronic rhinosinusitis
(CRSsNP and CRSWNP). Curr Allergy Asthma Rep 2017;17:30.

9. Haruna S, Nakanishi M, Otori N, Moriyama H. Histopathological features of
nasal polyps with asthma association: an immunohistochemical study. Am J
Rhinol 2004;18:165—72.

10. Tokunaga T, Sakashita M, Haruna T, Asaka D, Takeno S, Ikeda H, et al. Novel
scoring system and algorithm for classifying chronic rhinosinusitis: the JESREC
Study. Allergy 2015;70:995—1003.

11. Benjamin MR, Stevens WW, Li N, Bose S, Grammer LC, Kern RC, et al. Clinical
characteristics of patients with chronic rhinosinusitis without nasal polyps in
an academic setting. J Allergy Clin Immunol Pract 2019;7:1010—6.

12. Fokkens WJ, Lund V], Mullol ], Bachert C, Alobid I, Baroody F, et al. European
position paper on rhinosinusitis and nasal polyps 2012. Rhinol Suppl 2012;3p:
1-298.

13. Ishitoya ], Sakuma Y, Tsukuda M. Eosinophilic chronic rhinosinusitis in Japan.
Allergol Int 2010;59:239—45.

14. Nakayama T, Yoshikawa M, Asaka D, Okushi T, Matsuwaki Y, Otori N, et al.
Mucosal eosinophilia and recurrence of nasal polyps — new classification of
chronic rhinosinusitis. Rhinology 2011;49:392—6.

15. Okano M, Kariya S, Ohta N, Imoto Y, Fujieda S, Nishizaki K. Association and
management of eosinophilic inflammation in upper and lower airways. Allergol
Int 2015;64:131-8.

16. DeConde AS, Mace JC, Levy JM, Rudmik L, Alt JA, Smith TL. Prevalence of polyp
recurrence after endoscopic sinus surgery for chronic rhinosinusitis with nasal
polyposis. Laryngoscope 2017;127:550—5.

17. Bachert C, Zhang N, Hellings PW, Bousquet . Endotype-driven care pathways in
patients with chronic rhinosinusitis. J Allergy Clin Immunol 2018;141:1543—51.

18. Kristjansson RP, Benonisdottir S, Davidsson OB, Oddsson A, Tragante V,
Sigurdsson JK, et al. A loss-of-function variant in ALOX15 protects against nasal
polyps and chronic rhinosinusitis. Nat Genet 2019;51:267—76.

19. Nakayama T, Hirota T, Asaka D, Sakashita M, Ninmiya T, Morikawa T, et al. A
genetic variant near TSLP is associated with chronic rhinosinusitis with nasal

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43,

44,

polyps and aspirin-exacerbated respiratory disease in Japanese populations.
Allergol Int 2019. https://doi.org/10.1016/j.alit.2019.06.007.

Miyata J, Fukunaga K, Kawashima Y, Watanabe T, Saitoh A, Hirosaki T, et al.
Dysregulated fatty acid metabolism in nasal polyp-derived eosinophils from
patients with chronic rhinosinusitis. Allergy 2019;74:1113—24.

Ninomiya T, Noguchi E, Haruna T, Hasegawa M, Yoshida T, Yamashita Y, et al.
Periostin as a novel biomarker for postoperative recurrence of chronic rhino-
sinitis with nasal polyps. Sci Rep 2018;8:11450.

Stevens WW, Ocampo CJ, Berdnikovs S, Sakashita M, Mahdavinia M, Suh L,
et al. Cytokines in chronic rhinosinusitis. Role in eosinophilia and aspirin-
exacerbated respiratory disease. Am | Respir Crit Care Med 2015;192:
682—-94.

Bachert C, Gevaert E. Advances in rhinitis and rhinosinusitis in 2015. J Allergy
Clin Immunol 2016;138:1277—83.

Okano M, Fujiwara T, Haruna T, Kariya S, Makihara S, Higaki T, et al. Prosta-
glandin E(2) suppresses staphylococcal enterotoxin-induced eosinophilia-
associated cellular responses dominantly through an E-prostanoid 2-mediated
pathway in nasal polyps. J Allergy Clin Immunol 2009;123:868—74.

Higaki T, Okano M, Fujiwara T, Makihara S, Kariya S, Noda Y, et al. COX/PGE(2)
axis critically regulates effects of LPS on eosinophilia-associated cytokine
production in nasal polyps. Clin Exp Allergy 2012;42:1217—26.

Satorres SE, Alcaraz LE, Cargnelutti E, Di Genaro MS. IFN-gamma plays a
detrimental role in murine defense against nasal colonization of Staphylococcus
aureus. Immunol Lett 2009;123:185—8.

Lan F, Zhong H, Zhang N, Johnston SL, Wen W, Papadopoulos N, et al. IFN-A1
enhances Staphylococcus aureus clearance in healthy nasal mucosa but not in
nasal polyps. J Allergy Clin Immunol 2019;143:1416—25.

Stentzel S, Teufelberger A, Nordengriin M, Kolata ], Schmidt F, van
Crombruggen K, et al. Staphylococcal serine protease-like proteins are pace-
makers of allergic airway reactions to Staphylococcus aureus. | Allergy Clin
Immunol 2017;139:492—500.

Teufelberger AR, Nordengriin M, Braun H, Maes T, De Grove K, Holtappels G,
et al. The IL-33/ST2 axis is crucial in type 2 airway responses induced by
Staphylococcus aureus-derived serine protease-like protein D. J Allergy Clin
Immunol 2018;141:549—59.

Lan F, Zhang N, Holtappels G, De Ruyck N, Krysko O, Van Crombruggen K, et al.
Staphylococcus aureus induces a mucosal type 2 immune response via epithelial
cell-derived cytokines. Am J Respir Crit Care Med 2018;198:452—63.
Altunbulakli C, Costa R, Lan F, Zhang N, Akdis M, Bachert C, et al. Staphylococcus
aureus enhances the tight junction barrier integrity in healthy nasal tissue, but
not in nasal polyps. J Allergy Clin Immunol 2018;142:665—8.

Valera FCP, Ruffin M, Adam D, Maillé E, Ibrahim B, Berube ], et al. Staphylo-
coccus aureus impairs sinonasal epithelial repair: effects in patients with
chronic rhinosinusitis with nasal polyps and control subjects. J Allergy Clin
Immunol 2019;143:591—603.

Bachert C, Holtappels G, Merabishvili M, Meyer T, Murr A, Zhang N, et al.
Staphylococcus aureus controls interleukin-5 release in upper airway inflam-
mation. J Proteomics 2018;180:53—60.

Fujieda S, Diaz-Sanchez D, Saxon A. Combined nasal challenge with diesel
exhaust particles and allergen induces in vivo IgE isotype switching. Am J Respir
Cell Mol Biol 1998;19:507—12.

Takeda K, Sakakibara S, Yamashita K, Motooka D, Nakamura S, El Hussien MA,
et al. Allergic conversion of protective mucosal immunity against nasal bacteria
in patients with chronic rhinosinusitis with nasal polyposis. J Allergy Clin
Immunol 2019;143:1163—75.

Takabayashi T, Kato A, Peters AT, Hulse KE, Suh LA, Carter R, et al. Excessive
fibrin deposition in nasal polyps caused by fibrinolytic impairment through
reduction of tissue plasminogen activator expression. Am J Respir Crit Care Med
2013;187:49-57.

Takabayashi T, Kato A, Peters AT, Hulse KE, Suh LA, Carter R, et al. Increased
expression of factor XIII-A in patients with chronic rhinosinusitis with nasal
polyps. J Allergy Clin Immunol 2013;132:584—92.

Peterson S, Poposki JA, Nagarkar DR, Chustz RT, Peters AT, Suh LA, et al.
Increased expression of CC chemokine ligand 18 in patients with chronic rhi-
nosinusitis with nasal polyps. J Allergy Clin Immunol 2012;129:119-27.
Takabayashi T, Kato A, Peters AT, Suh LA, Carter R, Norton ], et al. Glandular
mast cells with distinct phenotype are highly elevated in chronic rhinosinusitis
with nasal polyps. J Allergy Clin Immunol 2012;130:410—20.

Kidoguchi M, Noguchi E, Nakamura T, Ninomiya T, Morii W, Yoshida K, et al.
DNA methylation of proximal PLAT promoter in chronic rhinosinusitis with
nasal polyps. Am J Rhinol Allergy 2018;32:374—-9.

Imoto Y, Kato A, Takabayashi T, Sakashita M, Norton JE, Suh LA, et al. Short-
chain fatty acids induce tissue plasminogen activator in airway epithelial cells
via GPR41&43. Clin Exp Allergy 2018;48:544—54.

Takabayashi T, Imoto Y, Sakashita M, Kato Y, Tokunaga T, Yoshida K, et al.
Nattokinase, profibrinolytic enzyme, effectively shrinks the nasal polyp tissue
and decreases viscosity of mucus. Allergol Int 2017;66:594—602.

Takabayashi T, Tanaka Y, Susuki D, Yoshida K, Tomita K, Sakashita M, et al.
Increased expression of L-plastin in nasal polyp of patients with nonsteroidal
anti-inflammatory drug-exacerbated respiratory disease. Allergy 2019;74:
1307-16.

Ueki S, Tokunaga T, Melo RCN, Saito H, Honda K, Fukuchi M, et al. Charcot-
Leyden crystal formation is closely associated with eosinophil extracellular
trap cell death. Blood 2018;132:2183—7.


http://refhub.elsevier.com/S1323-8930(19)30103-0/sref1
http://refhub.elsevier.com/S1323-8930(19)30103-0/sref1
http://refhub.elsevier.com/S1323-8930(19)30103-0/sref1
http://refhub.elsevier.com/S1323-8930(19)30103-0/sref1
http://refhub.elsevier.com/S1323-8930(19)30103-0/sref2
http://refhub.elsevier.com/S1323-8930(19)30103-0/sref2
http://refhub.elsevier.com/S1323-8930(19)30103-0/sref2
http://refhub.elsevier.com/S1323-8930(19)30103-0/sref3
http://refhub.elsevier.com/S1323-8930(19)30103-0/sref3
http://refhub.elsevier.com/S1323-8930(19)30103-0/sref3
http://refhub.elsevier.com/S1323-8930(19)30103-0/sref4
http://refhub.elsevier.com/S1323-8930(19)30103-0/sref4
http://refhub.elsevier.com/S1323-8930(19)30103-0/sref4
http://refhub.elsevier.com/S1323-8930(19)30103-0/sref5
http://refhub.elsevier.com/S1323-8930(19)30103-0/sref5
http://refhub.elsevier.com/S1323-8930(19)30103-0/sref5
http://refhub.elsevier.com/S1323-8930(19)30103-0/sref5
http://refhub.elsevier.com/S1323-8930(19)30103-0/sref6
http://refhub.elsevier.com/S1323-8930(19)30103-0/sref6
http://refhub.elsevier.com/S1323-8930(19)30103-0/sref6
http://refhub.elsevier.com/S1323-8930(19)30103-0/sref6
http://refhub.elsevier.com/S1323-8930(19)30103-0/sref7
http://refhub.elsevier.com/S1323-8930(19)30103-0/sref7
http://refhub.elsevier.com/S1323-8930(19)30103-0/sref7
http://refhub.elsevier.com/S1323-8930(19)30103-0/sref7
http://refhub.elsevier.com/S1323-8930(19)30103-0/sref8
http://refhub.elsevier.com/S1323-8930(19)30103-0/sref8
http://refhub.elsevier.com/S1323-8930(19)30103-0/sref9
http://refhub.elsevier.com/S1323-8930(19)30103-0/sref9
http://refhub.elsevier.com/S1323-8930(19)30103-0/sref9
http://refhub.elsevier.com/S1323-8930(19)30103-0/sref9
http://refhub.elsevier.com/S1323-8930(19)30103-0/sref10
http://refhub.elsevier.com/S1323-8930(19)30103-0/sref10
http://refhub.elsevier.com/S1323-8930(19)30103-0/sref10
http://refhub.elsevier.com/S1323-8930(19)30103-0/sref10
http://refhub.elsevier.com/S1323-8930(19)30103-0/sref11
http://refhub.elsevier.com/S1323-8930(19)30103-0/sref11
http://refhub.elsevier.com/S1323-8930(19)30103-0/sref11
http://refhub.elsevier.com/S1323-8930(19)30103-0/sref11
http://refhub.elsevier.com/S1323-8930(19)30103-0/sref12
http://refhub.elsevier.com/S1323-8930(19)30103-0/sref12
http://refhub.elsevier.com/S1323-8930(19)30103-0/sref12
http://refhub.elsevier.com/S1323-8930(19)30103-0/sref12
http://refhub.elsevier.com/S1323-8930(19)30103-0/sref13
http://refhub.elsevier.com/S1323-8930(19)30103-0/sref13
http://refhub.elsevier.com/S1323-8930(19)30103-0/sref13
http://refhub.elsevier.com/S1323-8930(19)30103-0/sref14
http://refhub.elsevier.com/S1323-8930(19)30103-0/sref14
http://refhub.elsevier.com/S1323-8930(19)30103-0/sref14
http://refhub.elsevier.com/S1323-8930(19)30103-0/sref14
http://refhub.elsevier.com/S1323-8930(19)30103-0/sref14
http://refhub.elsevier.com/S1323-8930(19)30103-0/sref15
http://refhub.elsevier.com/S1323-8930(19)30103-0/sref15
http://refhub.elsevier.com/S1323-8930(19)30103-0/sref15
http://refhub.elsevier.com/S1323-8930(19)30103-0/sref15
http://refhub.elsevier.com/S1323-8930(19)30103-0/sref16
http://refhub.elsevier.com/S1323-8930(19)30103-0/sref16
http://refhub.elsevier.com/S1323-8930(19)30103-0/sref16
http://refhub.elsevier.com/S1323-8930(19)30103-0/sref16
http://refhub.elsevier.com/S1323-8930(19)30103-0/sref17
http://refhub.elsevier.com/S1323-8930(19)30103-0/sref17
http://refhub.elsevier.com/S1323-8930(19)30103-0/sref17
http://refhub.elsevier.com/S1323-8930(19)30103-0/sref18
http://refhub.elsevier.com/S1323-8930(19)30103-0/sref18
http://refhub.elsevier.com/S1323-8930(19)30103-0/sref18
http://refhub.elsevier.com/S1323-8930(19)30103-0/sref18
https://doi.org/10.1016/j.alit.2019.06.007
http://refhub.elsevier.com/S1323-8930(19)30103-0/sref20
http://refhub.elsevier.com/S1323-8930(19)30103-0/sref20
http://refhub.elsevier.com/S1323-8930(19)30103-0/sref20
http://refhub.elsevier.com/S1323-8930(19)30103-0/sref20
http://refhub.elsevier.com/S1323-8930(19)30103-0/sref21
http://refhub.elsevier.com/S1323-8930(19)30103-0/sref21
http://refhub.elsevier.com/S1323-8930(19)30103-0/sref21
http://refhub.elsevier.com/S1323-8930(19)30103-0/sref22
http://refhub.elsevier.com/S1323-8930(19)30103-0/sref22
http://refhub.elsevier.com/S1323-8930(19)30103-0/sref22
http://refhub.elsevier.com/S1323-8930(19)30103-0/sref22
http://refhub.elsevier.com/S1323-8930(19)30103-0/sref22
http://refhub.elsevier.com/S1323-8930(19)30103-0/sref23
http://refhub.elsevier.com/S1323-8930(19)30103-0/sref23
http://refhub.elsevier.com/S1323-8930(19)30103-0/sref23
http://refhub.elsevier.com/S1323-8930(19)30103-0/sref24
http://refhub.elsevier.com/S1323-8930(19)30103-0/sref24
http://refhub.elsevier.com/S1323-8930(19)30103-0/sref24
http://refhub.elsevier.com/S1323-8930(19)30103-0/sref24
http://refhub.elsevier.com/S1323-8930(19)30103-0/sref24
http://refhub.elsevier.com/S1323-8930(19)30103-0/sref25
http://refhub.elsevier.com/S1323-8930(19)30103-0/sref25
http://refhub.elsevier.com/S1323-8930(19)30103-0/sref25
http://refhub.elsevier.com/S1323-8930(19)30103-0/sref25
http://refhub.elsevier.com/S1323-8930(19)30103-0/sref26
http://refhub.elsevier.com/S1323-8930(19)30103-0/sref26
http://refhub.elsevier.com/S1323-8930(19)30103-0/sref26
http://refhub.elsevier.com/S1323-8930(19)30103-0/sref26
http://refhub.elsevier.com/S1323-8930(19)30103-0/sref26
http://refhub.elsevier.com/S1323-8930(19)30103-0/sref27
http://refhub.elsevier.com/S1323-8930(19)30103-0/sref27
http://refhub.elsevier.com/S1323-8930(19)30103-0/sref27
http://refhub.elsevier.com/S1323-8930(19)30103-0/sref27
http://refhub.elsevier.com/S1323-8930(19)30103-0/sref28
http://refhub.elsevier.com/S1323-8930(19)30103-0/sref28
http://refhub.elsevier.com/S1323-8930(19)30103-0/sref28
http://refhub.elsevier.com/S1323-8930(19)30103-0/sref28
http://refhub.elsevier.com/S1323-8930(19)30103-0/sref28
http://refhub.elsevier.com/S1323-8930(19)30103-0/sref29
http://refhub.elsevier.com/S1323-8930(19)30103-0/sref29
http://refhub.elsevier.com/S1323-8930(19)30103-0/sref29
http://refhub.elsevier.com/S1323-8930(19)30103-0/sref29
http://refhub.elsevier.com/S1323-8930(19)30103-0/sref29
http://refhub.elsevier.com/S1323-8930(19)30103-0/sref30
http://refhub.elsevier.com/S1323-8930(19)30103-0/sref30
http://refhub.elsevier.com/S1323-8930(19)30103-0/sref30
http://refhub.elsevier.com/S1323-8930(19)30103-0/sref30
http://refhub.elsevier.com/S1323-8930(19)30103-0/sref31
http://refhub.elsevier.com/S1323-8930(19)30103-0/sref31
http://refhub.elsevier.com/S1323-8930(19)30103-0/sref31
http://refhub.elsevier.com/S1323-8930(19)30103-0/sref31
http://refhub.elsevier.com/S1323-8930(19)30103-0/sref32
http://refhub.elsevier.com/S1323-8930(19)30103-0/sref32
http://refhub.elsevier.com/S1323-8930(19)30103-0/sref32
http://refhub.elsevier.com/S1323-8930(19)30103-0/sref32
http://refhub.elsevier.com/S1323-8930(19)30103-0/sref32
http://refhub.elsevier.com/S1323-8930(19)30103-0/sref32
http://refhub.elsevier.com/S1323-8930(19)30103-0/sref32
http://refhub.elsevier.com/S1323-8930(19)30103-0/sref33
http://refhub.elsevier.com/S1323-8930(19)30103-0/sref33
http://refhub.elsevier.com/S1323-8930(19)30103-0/sref33
http://refhub.elsevier.com/S1323-8930(19)30103-0/sref33
http://refhub.elsevier.com/S1323-8930(19)30103-0/sref34
http://refhub.elsevier.com/S1323-8930(19)30103-0/sref34
http://refhub.elsevier.com/S1323-8930(19)30103-0/sref34
http://refhub.elsevier.com/S1323-8930(19)30103-0/sref34
http://refhub.elsevier.com/S1323-8930(19)30103-0/sref35
http://refhub.elsevier.com/S1323-8930(19)30103-0/sref35
http://refhub.elsevier.com/S1323-8930(19)30103-0/sref35
http://refhub.elsevier.com/S1323-8930(19)30103-0/sref35
http://refhub.elsevier.com/S1323-8930(19)30103-0/sref35
http://refhub.elsevier.com/S1323-8930(19)30103-0/sref36
http://refhub.elsevier.com/S1323-8930(19)30103-0/sref36
http://refhub.elsevier.com/S1323-8930(19)30103-0/sref36
http://refhub.elsevier.com/S1323-8930(19)30103-0/sref36
http://refhub.elsevier.com/S1323-8930(19)30103-0/sref36
http://refhub.elsevier.com/S1323-8930(19)30103-0/sref37
http://refhub.elsevier.com/S1323-8930(19)30103-0/sref37
http://refhub.elsevier.com/S1323-8930(19)30103-0/sref37
http://refhub.elsevier.com/S1323-8930(19)30103-0/sref37
http://refhub.elsevier.com/S1323-8930(19)30103-0/sref38
http://refhub.elsevier.com/S1323-8930(19)30103-0/sref38
http://refhub.elsevier.com/S1323-8930(19)30103-0/sref38
http://refhub.elsevier.com/S1323-8930(19)30103-0/sref38
http://refhub.elsevier.com/S1323-8930(19)30103-0/sref39
http://refhub.elsevier.com/S1323-8930(19)30103-0/sref39
http://refhub.elsevier.com/S1323-8930(19)30103-0/sref39
http://refhub.elsevier.com/S1323-8930(19)30103-0/sref39
http://refhub.elsevier.com/S1323-8930(19)30103-0/sref40
http://refhub.elsevier.com/S1323-8930(19)30103-0/sref40
http://refhub.elsevier.com/S1323-8930(19)30103-0/sref40
http://refhub.elsevier.com/S1323-8930(19)30103-0/sref40
http://refhub.elsevier.com/S1323-8930(19)30103-0/sref41
http://refhub.elsevier.com/S1323-8930(19)30103-0/sref41
http://refhub.elsevier.com/S1323-8930(19)30103-0/sref41
http://refhub.elsevier.com/S1323-8930(19)30103-0/sref41
http://refhub.elsevier.com/S1323-8930(19)30103-0/sref41
http://refhub.elsevier.com/S1323-8930(19)30103-0/sref42
http://refhub.elsevier.com/S1323-8930(19)30103-0/sref42
http://refhub.elsevier.com/S1323-8930(19)30103-0/sref42
http://refhub.elsevier.com/S1323-8930(19)30103-0/sref42
http://refhub.elsevier.com/S1323-8930(19)30103-0/sref43
http://refhub.elsevier.com/S1323-8930(19)30103-0/sref43
http://refhub.elsevier.com/S1323-8930(19)30103-0/sref43
http://refhub.elsevier.com/S1323-8930(19)30103-0/sref43
http://refhub.elsevier.com/S1323-8930(19)30103-0/sref43
http://refhub.elsevier.com/S1323-8930(19)30103-0/sref44
http://refhub.elsevier.com/S1323-8930(19)30103-0/sref44
http://refhub.elsevier.com/S1323-8930(19)30103-0/sref44
http://refhub.elsevier.com/S1323-8930(19)30103-0/sref44

412

45.

46.

47.

48.

49.

50.

51.

52.

S. Fujieda et al. / Allergology International 68 (2019) 403—412

Ueki S, Tokunaga T, Fujieda S, Honda K, Hirokawa M, Spencer LA, et al.
Eosinophil ETosis and DNA traps: a new look at eosinophilic inflammation. Curr
Allergy Asthma Rep 2016;16:54.

Gevaert E, Zhang N, Krysko O, Lan F, Holtappels G, De Ruyck N, et al. Extra-
cellular eosinophilic traps in association with Staphylococcus aureus at the site
of epithelial barrier defects in patients with severe airway inflammation.
J Allergy Clin Immunol 2017;139:1849—60.

Tsutsumiuchi T, Hoshino H, Fujieda S, Kobayashi M. Induction of peripheral
lymph node addressin in human nasal mucosa with eosinophilic chronic rhi-
nosinusitis. Pathology 2019;51:268—73.

Xu M, Chen D, Zhou H, Zhang W, Xu ], Chen L. The role of periostin in the
occurrence and progression of eosinophilic chronic sinusitis with nasal polyps.
Sci Rep 2017;7:9479.

Asano T, Kanemitsu Y, Takemura M, Yokota M, Fukumitsu K, Takeda N, et al.
Serum periostin as a biomarker for comorbid chronic rhinosinusitis in patients
with asthma. Ann Am Thorac Soc 2017;14:667—75.

Kato Y, Takabayashi T, Sakashita M, Imoto Y, Tokunaga T, Ninomiya T, et al.
Expression and functional analysis of CST1 in intractable nasal polyps. Am J
Respir Cell Mol Biol 2018;59:448—57.

Yan B, Lou H, Wang Y, Li Y, Meng Y, Qi S, et al. Epithelium-derived Cystatin-SN
enhances eosinophil activation and infiltration via interleukin-5 in chronic
rhinosinusitis with nasal polyps. J Allergy Clin Immunol 2019;144:455—69.
Kouzaki H, Matsumoto K, Kikuoka H, Kato T, Tojima I, Shimizu S, et al.
Endogenous protease inhibitors in airway epithelial cells contribute to

53.

54.

55.

56.

57.

58.

59.

eosinophilic chronic rhinosinusitis. Am J Respir Crit Care Med 2017;195:
737—47.

Krysko O, Teufelberger A, Van Nevel S, Krysko DV, Bachert C. Protease/anti-
protease network in allergy: the role of S. aureus protease like proteins. Allergy
2019. https://doi.org/10.1111/all.13783.

Tokunaga T, Ninomiya T, Kato Y, Imoto Y, Sakashita M, Takabayashi T, et al. The
significant expression of TRPV3 in nasal polyps of eosinophilic chronic rhino-
sinusitis. Allergol Int 2017;66:610—6.

Hamada S, Matsumoto H, Kobayashi Y, Asako M, Yasuba H. Nasal exhalation of
inhaled beclomethasone hydrofluoroalkane-134a to treat chronic rhinosinu-
sitis. J Allergy Clin Immunol Pract 2016;4:751—2.

Hayashi H, Mitsui C, Nakatani E, Fukutomi Y, Kajiwara K, Watai K, et al.
Omalizumab reduces cysteinyl leukotriene and 9a,11f-prostaglandin F2
overproduction in aspirin-exacerbated respiratory disease. | Allergy Clin
Immunol 2016;137:1585—7.

Bachert C, Sousa AR, Lund V], Scadding GK, Gevaert P, Nasser S, et al. Reduced
need for surgery in severe nasal polyposis with mepolizumab: randomized
trial. J Allergy Clin Immunol 2017;140:1024—-31.

Bachert C, Hellings PW, Mullol ], Naclerio RM, Chao ], Amin N, et al. Dupilumab
improves patient-reported outcomes in patients with chronic rhinosinusitis with
nasal polyps and comorbid asthma. J Allergy Clin Immunol Pract 2019;7:2447—-9.
Makino S, Miyamoto T, Nakajima S, Kabe J, Baba M, Mikawa H, et al. Survey of
recognition and utilization of guidelines for the diagnosis and management of
bronchial asthma in Japan. Allergy 2000;55:135—40.


http://refhub.elsevier.com/S1323-8930(19)30103-0/sref45
http://refhub.elsevier.com/S1323-8930(19)30103-0/sref45
http://refhub.elsevier.com/S1323-8930(19)30103-0/sref45
http://refhub.elsevier.com/S1323-8930(19)30103-0/sref46
http://refhub.elsevier.com/S1323-8930(19)30103-0/sref46
http://refhub.elsevier.com/S1323-8930(19)30103-0/sref46
http://refhub.elsevier.com/S1323-8930(19)30103-0/sref46
http://refhub.elsevier.com/S1323-8930(19)30103-0/sref46
http://refhub.elsevier.com/S1323-8930(19)30103-0/sref47
http://refhub.elsevier.com/S1323-8930(19)30103-0/sref47
http://refhub.elsevier.com/S1323-8930(19)30103-0/sref47
http://refhub.elsevier.com/S1323-8930(19)30103-0/sref47
http://refhub.elsevier.com/S1323-8930(19)30103-0/sref48
http://refhub.elsevier.com/S1323-8930(19)30103-0/sref48
http://refhub.elsevier.com/S1323-8930(19)30103-0/sref48
http://refhub.elsevier.com/S1323-8930(19)30103-0/sref49
http://refhub.elsevier.com/S1323-8930(19)30103-0/sref49
http://refhub.elsevier.com/S1323-8930(19)30103-0/sref49
http://refhub.elsevier.com/S1323-8930(19)30103-0/sref49
http://refhub.elsevier.com/S1323-8930(19)30103-0/sref50
http://refhub.elsevier.com/S1323-8930(19)30103-0/sref50
http://refhub.elsevier.com/S1323-8930(19)30103-0/sref50
http://refhub.elsevier.com/S1323-8930(19)30103-0/sref50
http://refhub.elsevier.com/S1323-8930(19)30103-0/sref51
http://refhub.elsevier.com/S1323-8930(19)30103-0/sref51
http://refhub.elsevier.com/S1323-8930(19)30103-0/sref51
http://refhub.elsevier.com/S1323-8930(19)30103-0/sref51
http://refhub.elsevier.com/S1323-8930(19)30103-0/sref52
http://refhub.elsevier.com/S1323-8930(19)30103-0/sref52
http://refhub.elsevier.com/S1323-8930(19)30103-0/sref52
http://refhub.elsevier.com/S1323-8930(19)30103-0/sref52
http://refhub.elsevier.com/S1323-8930(19)30103-0/sref52
https://doi.org/10.1111/all.13783
http://refhub.elsevier.com/S1323-8930(19)30103-0/sref54
http://refhub.elsevier.com/S1323-8930(19)30103-0/sref54
http://refhub.elsevier.com/S1323-8930(19)30103-0/sref54
http://refhub.elsevier.com/S1323-8930(19)30103-0/sref54
http://refhub.elsevier.com/S1323-8930(19)30103-0/sref55
http://refhub.elsevier.com/S1323-8930(19)30103-0/sref55
http://refhub.elsevier.com/S1323-8930(19)30103-0/sref55
http://refhub.elsevier.com/S1323-8930(19)30103-0/sref55
http://refhub.elsevier.com/S1323-8930(19)30103-0/sref56
http://refhub.elsevier.com/S1323-8930(19)30103-0/sref56
http://refhub.elsevier.com/S1323-8930(19)30103-0/sref56
http://refhub.elsevier.com/S1323-8930(19)30103-0/sref56
http://refhub.elsevier.com/S1323-8930(19)30103-0/sref56
http://refhub.elsevier.com/S1323-8930(19)30103-0/sref57
http://refhub.elsevier.com/S1323-8930(19)30103-0/sref57
http://refhub.elsevier.com/S1323-8930(19)30103-0/sref57
http://refhub.elsevier.com/S1323-8930(19)30103-0/sref57
http://refhub.elsevier.com/S1323-8930(19)30103-0/sref58
http://refhub.elsevier.com/S1323-8930(19)30103-0/sref58
http://refhub.elsevier.com/S1323-8930(19)30103-0/sref58
http://refhub.elsevier.com/S1323-8930(19)30103-0/sref58
http://refhub.elsevier.com/S1323-8930(19)30103-0/sref59
http://refhub.elsevier.com/S1323-8930(19)30103-0/sref59
http://refhub.elsevier.com/S1323-8930(19)30103-0/sref59
http://refhub.elsevier.com/S1323-8930(19)30103-0/sref59

	Eosinophilic chronic rhinosinusitis
	History of chronic rhinosinusitis in Japan
	Appearance of eosinophilic CRS (ECRS) and establishment of diagnostic criteria
	Chronic rhinosinusitis in Europe and the United States
	Is ECRS hereditary?
	Does Staphylococcus aureus cause ECRS?
	Is S. aureus the only causative microorganism?
	Role of fibrin in eosinophilic chronic rhinosinusitis
	Eosinophils and rhinosinusitis
	Analysis by next-generation sequencing
	Role of periostin in ECRS
	ECRS and protease inhibitors
	ECRS and TRPV3
	Treatment for ECRS
	Conclusion
	Conflict of interest

	Acknowledgments
	References


