S. Fukahori et al. / Ann Allergy Asthma Immunol 113 (2014) 180—186 181

Days 1 14 16 18 19 21 23 23 32
111
Af 1 1 T 111 X X
Vol
peaf | ] T 11 x X
1orip. | prin. | 4 in
!1 PBSin. X Sacrifice

Figure 1. Experimental protocol. BALB/c mice were immunized intraperitoneally
(i.p.) on days 1 and 14 with 0.5 mg of Dermatophagoides farinae (Df) precipitated in
aluminum hydroxide. Aspergillus fumigatus (Af) group: Mice were sham-sensitized
intranasally (i.n.) with phosphate buffered saline (PBS) on days 14, 16, and 18 and
infected intranasally with Af on days 19, 21, and 23. Df-Af group: After immunization
with Df, mice were challenged intranasally with Df allergen on days 14, 16, and 18.
Subsequently, mice were infected intranasally with Afon days 19, 21, and 23. On days
25 and 32, all mice were sacrificed (n = 6 for each group).

authors hypothesized that the Tpy2-skewed immunity in a
murine model of asthma could contribute to impairment of the
Tyl and Ty17 response against Af. In the present study, these
issues were addressed by comparing fungal burden between
Af-infected control mice (Af mice) and Af-infected Dermatopha-
goides farinae (Df)—sensitized mice (Df-Af mice) in a murine
model of asthma, and then, in a different set of experiments, by
comparing the production of some cytokines, including 11-12,
IL-4, IL-23, interferon-y (IFN-vy), IL-5, and IL-17, between
Af mice and Df-Af mice. In addition, the phagocytotic activity
against Af and the expression of pathogen recognition receptors
on AMs were compared in AMs isolated from untreated naive
mice and mite allergen-sensitized mice.

Methods
Preparation of Af Conidia

The Af MF-13 isolated from the sputum of a patient with pul-
monary aspergilloma was prepared for intranasal infection, as
described previously.!” The Af MF-13 was subcultured on Sabour-
and dextrose agar (Becton Dickinson, Cockeysville, Maryland) at
30°C for 7 days. Then, conidia were harvested with sterile saline
containing 0.02% Tween-80 (Wako Pure Chemical Industries,
Tokyo, Japan). The suspension was filtered through a 40-um cell
strainer (Falcon, Tokyo, Japan) to separate the conidia from the
contaminating mycelia and was verified microscopically (100%
resting conidia). The suspension was counted in a hemocytometer
and diluted with sterile saline.

Experimental Protocol

Female BALB/c mice (5 and 10 weeks old) were purchased from
Charles River (Yokohama, Japan) and housed in a specific pathogen-
free facility. As illustrated in Figure 1, mice were immunized twice
intraperitoneally on days 1 and 14 with 0.5 mg of Df (crude extract
of mite: LG-5339; Cosmo Bio, Tokyo, Japan) precipitated in
aluminum hydroxide. Then, mice were challenged intranasally with
50 ug/50 uL of Df allergen (Df-Af group) or phosphate buffered
saline (Af group) on days 14, 16, and 18. The 2 groups of mice were
intranasally infected with 1 x 10° Af conidia on days 19, 21, and 23.
Two days (day 25) or 9 days (day 32) after infection, the 2 groups of
mice were sacrificed to obtain bronchoalveolar lavage (BAL) fluid
and lung tissues. The procedures were reviewed and approved by
the Nagasaki University School of Medicine committee on animal
research. All experiments were repeated at least 3 times.

Bronchoalveolar Lavage and Lung Pathology

The BAL was conducted with 1 mL of phosphate buffered saline
in the immediate postmortem period. Obtained BAL samples were

Figure 2. Pulmonary pathology (hematoxylin and eosin stain). Lung tissues were obtained from each group. Representative photomicrographs display lung tissues from each
group (n = 6 for each group). Aspergillus fumigatus—infected mice at (A) day 25 and (B) day 32. Aspergillus fumigatus—infected Dermatophagoides farinae—sensitized mice at (C)

day 25 and (D) day 32.
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Table 1
Differential cell counts in bronchoalveolar lavage fluid®

Abbreviations: Af, Aspergillus fumigatus—infected mice; Df-Af, Aspergillus fumiga-
tus—infected Dermatophagoides farinae—sensitized mice.

2Results are expressed as mean + SEM (n = 6 for each group).

bp < .01 vs Af at day 25.

P < .01 vs Af at day 32.

centrifuged. Differential cell counts were performed using cyto-
centrifuged BAL samples stained with May-Griinwald-Giemsa
stain. Formaldehyde fixative was gently infused through the lavage
catheter set in the trachea. Resected lungs were fixed for an addi-
tional 24 hours and embedded in paraffin. Sections (4 um) were
stained with hematoxylin and eosin. After BAL, paraffin-embedded
lung tissues were prepared for hematoxylin and eosin and Gomori
methenamine-silver staining. For fungal-burden examination,
numbers of colony-forming units per lung tissue were calculated as
described elsewhere.!®

Analysis of Cytokine Concentrations in Homogenized Lung

Lung homogenates were prepared by homogenizing a freshly
excised lung. Concentrations of IL-12, IL-4, IL-23, IFN-v, IL-5, and
IL-17 in homogenized lung samples were measured by enzyme-
linked immunosorbent assay, in accordance with the manufac-
turer’s directions (Endogen, Wobum, Massachusetts).

Phagocytic Function of Alveolar Macrophages

In a different set of experiments, AMs were prepared from naive
mice without any treatment and a murine model of asthma, which

were prepared as described earlier. Lung tissues were chopped with
sterile scissors, digested in a 37°C water bath for 2 hours in
digestion buffer containing 1.5 mg/mL of collagenase A (type 1A;
Boehringer Mannheim, Mannheim, Germany), and filtered with a
metal mesh. After washing 3 times with RPMI-1640 medium
(Gibco-BRL Life Technology, Grand Island, New York) containing
10% heat-inactivated fetal bovine serum, 100 U/mL of penicillin, and
100 ug/mL of streptomycin, cells were resuspended in the medium.
Mononuclear cells were isolated using a density gradient method
with Ficoll (Amersham Pharmacia Biotech, Piscataway, New Jersey).
Fetal bovine serum was put into a dish, which was incubated at
37°C for 15 minutes. After the fetal bovine serum was discarded,
suspended cells were placed in this dish and incubated overnight at
37°C. Thereafter, cells in the dish were collected using phosphate
buffered saline containing ethylenediaminetetraacetic acid.
Aliquots (1 mL) of cell suspension (10° cells/mL) were mixed with 1
mL of Af suspension (106 cells/mL) opsonized with 100 uL of normal
serum and incubated for 60 minutes at 33°C. Ten minutes before
completion of incubation, methylene blue (0.01%) was added. Then,
200 conidia were examined and the number of phagocytosed
conidia was counted in 3 representative regions. Results are
expressed as an index representing the percentage of phagocytosed
Af conidia.

Analysis of Expression of TLR4 and Dectin-1 on AMs

To determine the effects of pathogen recognition receptor
expression on AMs on phagocytotic activity, the expression of TLR4
and dectin-1 on AMs was determined by real-time polymerase
chain reaction (PCR). In a different set of experiments, AMs were
prepared from Af mice and Df-Af mice on days 25 and 32, as
mentioned earlier. Total RNA also was isolated from each group of
AM with TRIzol (Life Technologies, Gaithersburg, Maryland) using
the method recommended by the supplier. A High-Capacity cDNA
Archive Kit (Applied Biosystems, Tokyo, Japan) was used to syn-
thesize ¢cDNA from 2 ug of total RNA and 200 ng of cDNA was

=

Figure 3. Pulmonary pathology (Gomori methenamine-silver stain). Representative photomicrographs display lung tissues from each group (n = 6 for each group). Aspergillus
fumigatus—infected mice at (A) day 25 and (B) day 32. Aspergillus fumigatus—infected Dermatophagoides farinae—sensitized mice at (C) day 25 and (D) day 32.
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Figure 4. Form of Aspergillus fumigatus conidia found in lung tissue from Aspergillus fumigatus—infected Dermatophagoides farinae—sensitized mice on day 32 (Gomori
methenamine-silver-stain). Representative high-resolution photomicrographs of Aspergillus fumigatus conidia in lung tissue from Aspergillus fumigatus—infected Dermato-

phagoides farinae—sensitized mice on day 32 display conidia germination.

amplified by primers complementary to the published sequences of
murine TLR4, dectin-1, and control glyceraldehyde 3-phosphate
dehydrogenase. Quantitative real-time PCR was performed on an
ABI 7500 (Applied Biosystems) using TagMan Universal PCR Master
Mix (Applied Biosystems). Probes (IDT, Coralville, Iowa) labeled
with 5 FAM and 3’ TAMRA modifications were used at a final
concentration of 0.9 mmol/L, and primers were used at 0.2 mmol/L
(Gibco-BRL). The PCR program was as follows: 50°C for 2 minutes
and 95°C for 10 minutes, 95°C for 15 seconds, and 60°C for 1 minute
for 40 cycles. Specific signals were normalized against the signals
from constitutively expressed glyceraldehyde 3-phosphate dehy-
drogenase. Data are presented as relative mRNA units and repre-
sent the average of at least 3 values + SEM.

Statistical Analysis

Results are expressed as mean =+ SEM. Differences between
groups were examined for statistical significance using repeated-
measures analysis of variance with a Bonferroni multiple compar-
ison test. P values less than .05 were considered significant.

Results
Pulmonary Inflammation

Representative pulmonary pathologies of the 2 groups of mice
sacrificed on days 25 and 32 after Af infection are shown in Figure 2.
Neutrophilic inflammation was observed only on day 25 and dis-
appeared by day 32 in Af mice. The airways of Df-Af mice exhibited

. *k OAf
o BDf-Af
£ s
a4
5
L .
= 3-
5 ook
S ?]

14

0

Day 25 Day 32

Figure 5. Aspergillus fumigatus fungal burden. Fungal burden in lung tissue from the
2 groups was quantitatively evaluated. Results are expressed as mean + SEM (n =6
for each group). P < .01 vs Af. Af, Aspergillus fumigatus—infected mice; Df-Af,
Aspergillus fumigatus—infected Dermatophagoides farinae—sensitized mice.

neutrophilic and eosinophilic inflammation on day 25, which per-
sisted to day 32. Pathologic changes were confirmed in a quanti-
tative manner by BAL (Table 1). In Df-Af mice, total cell counts were
significantly elevated compared with Af mice on day 32. Irre-
spective of sacrifice day, airway eosinophils were significantly
elevated in Df-Af mice compared with Af mice. Airway neutrophils
were significantly fewer in Df-Af mice compared with Af mice on
day 25, although they were significantly more numerous in the
former compared with the latter on day 32.

Aspergillus fumigatus Pathology, Fungal Burden, and Phagocytosis

Representative pulmonary pathologies (Gomori methenamine-
silver stain) of the 2 groups of mice sacrificed on days 25 and 32
after Af infection are shown in Figure 3. Aspergillus fumigatus con-
idia were found only on day 25 and disappeared by day 32 in Af
mice. However, Af conidia persisted in the airway of Df-Af mice on
day 32, and some of these conidia had germinated (Fig 4). Quan-
titative evaluation of fungal burden in lung tissue showed that a
significantly larger number of Af conidia was present on days 25
and 32 in Df-Af mice compared with Af mice (Fig 5). To determine
the mechanisms of increased fungal number in Df-Af mice,
phagocytosis of Af conidia by AMs isolated from naive mice without
any treatment and AMs isolated from the murine model of asthma
was compared. Compared with AMs isolated from naive mice, those
from the murine model of asthma showed a significant decrease in
phagocytosis (Fig 6). Compared with AMs isolated from Af mice on
day 25, TLR4 and dectin-1 expression on AMs isolated from Df-Af

80
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AM from naive mice

Figure 6. Alveolar macrophage (AM) phagocytotic activity against Aspergillus fumi-
gatus (Af) conidia. The AMs isolated from naive mice and a murine model of asthma
were cultured with Af conidia. The number of phagocytosed conidia in each mouse
was counted. Results are expressed as an index representing the percentage of
phagocytosed Af conidia. Bars represent mean + SEM (n = 6). "P < .01 vs naive mice.
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Figure 7. Quantitative analysis of TLR4 and dectin-1 mRNA expression in alveolar macrophages. Expression of TLR4 and dectin-1 mRNA of alveolar macrophages isolated from
Afmice and Df-Af mice on days 25 and 32 was determined by quantitative real-time polymerase chain reaction and is depicted as the number of transcripts per 10° copies of the
housekeeping gene glyceraldehyde 3-phosphate dehydrogenase. Data from experiments with cells from each group are surnmarized and presented as mean + SEM (n = 8 for
each group). "P < .01 vs Af mice. Af, Aspergillus furnigatus—infected mice; Df-Af, Aspergillus fumigatus—infected Dermatophagoides farinae—sensitized mice; TLR4, Toll-like

receptor-4.

mice on day 25 showed a significant decrease. Compared with AMs
isolated from Af mice on day 32, dectin-1 expression on AMs
isolated from Df-Af mice at day 32 showed a significant increase
(Fig 7).

Cytokine Profile in Lung Homogenate

Analysis of cytokine concentrations in lung homogenates (Fig 8)
showed that, compared with Af mice sacrificed on day 25, Df-Af
mice sacrificed on day 25 showed significant increases in Ty2-like
cytokines (IL-4 and IL-5) and significant decreases in Tyl-like
(IFN-y and IL-12) and IL-17 production. In Af mice, Ty1-like and
Ty17-like (IL-23 and IL-17) cytokines significantly decreased on day
32 compared with those on day 25. Ty2-like cytokines in Df-Af mice
significantly decreased on day 32 compared with day 25 but were
still significantly higher than in Af mice. In marked contrast, IL-17
levels in Df-Af mice increased significantly on day 32 compared
with those on day 25, and Tyl17-like cytokines in Df-Af mice
increased significantly compared with those in Af mice.

Discussion

In this study, after Af infection, the production of cytokines
involved in protective immunity against Af and the phagocytotic
activity of AMs decreased in a murine model of allergic asthma.
Experimental studies have indicated a critical role for macrophages
in conidial defense.'™? It also has been reported that TLR4 on
macrophages is required for an optimal immune response to Af
in vivo.? In contrast, neutrophils play a predominant role in killing
hyphae.* In addition, other innate immune cell subsets
contribute to antifungal defense. For example, pulmonary dendritic
cells transport conidia to draining mediastinal lymph nodes to
activate fungus-specific T cells, and when Af arrives in the airways,
Af-specific T cells are rapidly primed and fully differentiated into
IFN-y—producing Tyl CD4" T cells in immune-competent mice.
Thereafter, inhaled conidia are rapidly cleared from the airway.”” In

the present study, after infection with Af conidia, IL-12 and IFN-y
production in the airway and expression of TLR4 on AMs were
decreased in a murine model of asthma compared with control
mice. In addition, the phagocytosis of Af conidia by AMs isolated
from the murine model of asthma was impaired compared with
AMs isolated from untreated naive mice. This may be due to the
pre-existing Ty2-skewed immunity in asthmatic airways, which
inhibits Ty1 cytokine production against Af infection and decreases
IFN-v, leading to decreased phagocytosis of Af conidia by the low
expression of TLR4 on AMs.

In addition to pre-existing Ty2-skewed immunity before Af
infection, IL-17 levels increased after Af infection in Df-Af mice.
Recently, it has been reported that excess Ty17 immunity atten-
uates antifungal immune defense.!®!” It also has been reported
that the Ty17 response is initiated thorough the recognition of
B-glucan, which increases on the surface of fungi during their
growth from conidia to hyphae.’® In addition, the authors previ-
ously reported that high levels of ligand for dectin-1 receptors
induce upregulation of these receptors on antigen-presenting
cells and enhance signaling.!” It is likely that pre-existing
Th2 immunity attenuated Tyl immunity, which permitted colo-
nization of conidia in the asthmatic airway in the present study.
Subsequently, the growth of conidia to hyphae could further
stimulate dectin-1 in the host, thus resulting in higher levels of
IL-17 and IL-23 production. Persistent colonization of Af may
maintain significantly higher levels of IL-17 and IL-23 in the
asthmatic airway compared with those in controls by a continuous
stimulation of dectin-1 signaling. It also has been reported that
Tw17 immunity not only attenuates Tyl immunity but also upre-
gulates Ty2 immunity.'®?? It also has been reported that protease
secreted from Af and IL-17 induce enhanced MUC5AC gene
expression in airway epithelial cells.?*?? Collectively, the present
study suggests that pre-existing Ty2-skewed immunity in asthma
permits Af to colonize in the airway by inhibiting innate antifungal
defense. Once colonized in the airway, Af stimulates excess
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Figure 8. Cytokine profile in lJung homogenates. Cytokine concentrations in lung homogenates in each mouse were determined by enzyme-linked immunosorbent assay. Bars
represent mean + SEM (n = 6). P <.01 vs Af, P < .01 vs day. Af, Aspergillus fumigatus—infected mice; Df-Af, Aspergillus fumigatus—infected Dermatophagoides farinae—sensitized

mice; IL, interleukin; [FN, interferon.

expression of dectin-1 and Ty17 immunity, which further en-
hances Af colonization by upregulating Ty2 immunity and over-
production of mucus in a vicious circle.

In contrast, other investigators have reported that in the murine
model of asthma, the ingestion potential of conducting airway
neutrophils is enhanced compared with control mice.”> Interest-
ingly, in the present study, although colonization of Afin the airway
of the murine model of asthma was seen, penetration of Af into the
airway epithelial barrier and dissemination of Af into the airway
was not seen. The reason for this may be that the enhanced
phagocytotic activity of neutrophils in the murine model of asthma
controlled the development of colonization of Af to dissemination
of Af in the airway.

A distinct characteristic feature of Df-Af mice in the present
study included neutrophilic airway inflammation. In this regard,
several studies have indicated that IL-17 is important for neutro-
philic inflammation in patients with acute airway inflamma-
tion.**~?6 Airway neutrophils also were associated with IL-17 in the
lung tissues in the present study. A key characteristic of fungal-
associated asthma is the increased severity of asthma. Neutro-
philic airway inflammation caused by Af may explain at least in part
the increased severity of fungus-associated asthma. Indeed, current
anti-inflammatory therapies for asthma, including inhaled corti-
costeroids, are effective in managing eosinophilic airway

inflammation but have little or no impact on neutrophilic airway
inflammation.>”#* Accordingly, additive treatment, which has an
impact on neutrophilic inflammation, is required for fungus-
associated asthma. Thus, the development of a therapeutic
modality targeting IL-17 for the treatment of fungus-associated
asthma is a critical issue for the future.

However, this study has several limitations. Only results for
mice are described, and it is uncertain whether these results can be
applied to humans. In addition, although the authors hypothesized
that Ty2-dominant immune response could contribute to the
impairment of Ty1 response against an Af challenge, they did not
directly show whether a specific Ty2 response inhibition in the
murine model of asthma improves the Ty1 response against the Af
challenge.

In conclusion, these results support the mechanism of Af colo-
nization in the asthmatic airway. Mite allergen sensitization
concomitant with Af infection enhanced the Ty2-dominant im-
mune response in the airway, in which the Ty1 response against Af
conidia infection was attenuated and the Ty17 response against Af
was promoted, which impair antifungal defense and permit further
colonization of Af in the asthmatic airway. Tyl7-associated
neutrophilic airway inflammation may be involved in the patho-
genesis of steroid-resistant severe asthma with fungal
sensitization.*”
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atopic patients(n=1,311)  SAFS(n=58)

fungus % fungus %
Alternaria spp. 14 Aspergillus 45
Cladosporium spp. 7 Candida 36
Aspergillus spp. 5 Penicillum 29
Fusarium spp. 3 Cladosporium 24
Rhizopus spp. 3 Alternaria 22
Botrytis 18

(O'Driscoll BR, et al™®. Clin Exp Allergy 39 : 2009,
Gioulekas D, et al™. J Invest Allergol Clin Immunol 14 :
2004 & D BIH, ®%ZE)

1. ERAINER—LZET ANILEILAIZ ABPM Zi2

ZLRTLOh—

EHIDER L LTk 7 AUV RAEH ABPM DEH
EHE L L UIEEMEESR\L Z LT o s, Bk
O Z IR 1SR T X ) I EREIC X b, HED
BOERFIZER S, 7FE—EBEORAT LA ELT
DEHL, Alternaria, Cladosporium 7z EWZbL, &4
L 7 ALV ABOSEENZEHH L TEVWHIT TR,
SEAE, EEREE 720 T\ B ERREEREN B (severe asth-
ma with fungal sensitization : SAFS) DEBRIEDSHE
& ABPM & FIREIC 7 ALV AHNEDS, O &
DED ABPM 12 EREVDITTIE R, TE, &
ABPM DJFERER & LT A. fumigatus DFEEHEEIN
IKEBLDES Y, 1 DOUABEE L LTt A. fumigatus
IBDERIC L DEF DT A RN E T e, b MRE
D& LEHBETHE - RELB2L W 2 E2H 27,
¥7-, EESIT A fumigatus BBOERICHLE R Y
y7rarT—eiEEEEL, 2omvekeY /e r—¥
TEMRFEIC 5 F VBETFMUCSAC) 250E L EfiiET
MOHFET S L 2HE LY, [BHETWBESIF
ABPM D 1 DDRHETH D, A fumigatus \ 3B\ >k v
TaF7—YiEEEE T3 Z L THOERIC KL, ABPM
DIERFRLR L DT AR S e,

2. BEAIDER—LREREXWE - ERERMEET

ABPM ZEZ LXTL\DH— |

—7, BEMOERE L CHEBER L L TRETHE,
FAVERTEREE 2 8 T 2EIDIEEIIC S\ T L BT 5
N5, [ERE - ERHEE I 3RO B ECE
FHEET T3 b0b bH 5, JETRRIZ 7 LYk
EHETH Y, TR IEEIES « BRMEERTH
273, MFEOILESLE LT, WTNLREDEERETHD,
HIDWTOER LS Z LT o5, IR ERS

THBLF VEIETTA. fumigatus DIEFEL 2TV ED
WELHY, KESNRE. - EREEGHEEOSGED A. fumi-
gatus DYFEICIFE L WEEICTH 2 F[REEDH 5, —7,
ERER B DA bR FIENT D 72 4, mannose-
binding lectin, IL-4Ra, CFTR % £ DiELTFAR L D
EESE I NTLEY,

I. BMICHITEMHER

DU sl - 1RIERIc BT 2RERICEI L Tk ABPA I

o TR, ABPM IZEFL TIIBhdoRR 5,
1. REFRICHTSRRER

S [gE 2, Z OB0REHERO VLT
BHATH2, EHNAT A FRIOREZ L CIER [gE
EDSTER AL T OB IZIEEED ABPA BEENTH S &
SN, PEIEEICLEDAENTHS, L L, ABPAR
W7z DEFE A cut-off fHICBI L T 4171U0/m/,
1,0001U/m! 72 EBH 315, Agarwal ©OBRED
review Tl 5001U/m! Cld over-diagnosis TH s & L,
1,000IU/m! Z#3EL T\ 325, SHOMNBHETH
27, i, IMER IgE EIEEIEEMEOFHTICERTH
BT EMHISNTED, 25~50 % DWAVIREDOEL L
INTLEY, T5 6 bPERIREEII W, $72, 7R
~OLFOV AR IgE HilkOEE cut off fEIC b Ein%
vy, Agarwal & I13EENIZ>0.35kUA/] % cut off fEE
LTEFT03Y,

WA ANV L 3 NT, B X THRIBIIN M
HEINT0B, BIEEIT39~60 % &b T3, i
£, potato dextrose agar BEHIOEMELHE XN, 54,
B EREOFEXMMEO B 51 h B 2 kRO AR
IHIECHEINETHA I,

2. ESHEICHITSRESR

Do & 5 BN X #Rch > Rl HiL,
HRCT 23&URICHifT T & 5 BE CIEHEER TR RO
PEESTETCHS, I X BHETH - 7RI
ABPA T bHEDEFTRIZ consolidation Th o7z,
L2:L, CT TOFETTIE mucoid impaction DHEEDS
W EDHEIN TS, Z20Ofth HRCT ORI CHEEL
V1D IE bronchiectasis, mosaic attenuation, centri-
lobular nodules, tree-in-bud opacities, pleuropulmo-
nary fibrosis TH 5,

ABPA TM@ X hER L TORE LTEToN, 2
WHic HEE & INT E 7T RICPRMIEESRE SRS %,
ABPA CRHERY 2 KB HRR X HPARHI-CHiTR LRIBHIT
tapering § % FRUESE IR TH D, MHNIHFTE
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1 ABPM Dl CT %
AN % 29 % mucoid impaction(high-attenuation mucus (HAM) )% & 3,

5IEED 2/3~1/2 DI TORETIRIRNZ DEHKE L
THVLNTE, LaL, I CT TOMEcl 30~
40 % TRELDS Z DFEHETIIHRM F CREESIRIRDIA DI - T
WBEWLhILTYL 5, M)k ) KEE LTRSS 2
ToTwions, 2O 40 EEICE T > TE D, B
e, SEIRIZE L A ABPA OABHED 1 D EELS
nTn5,

Mucoid impaction &— NSRRI TH %53, AB-
PA DF9 20 % DFEHICEIRINZ 29 % mucoid impac-
tion 23 L, high-attenuation mucus (HAM) & FEFR
EINs 1), 2N ©REOEOHRETH D Z L8
Z DGO L S, ABPA OEBEELEGRY A
vELTHIGNTWS, —J7, HAM 247 % ABPA I
FFHOHEDE G L HA6N TS,

3. BMEEICBITSRIER

AFTIFE 1977 4RI Rosenberg & 23EME L 7- ke
DRAVONTELERYY, LoL, T, HRGICEY
FTLLHEERM SRV b, DB NS T
NTORWLIER DS\ 2 &, ABPA OEEZMIE & 2%
INTOIRENRIEH T T2RAMEL I, HHEEIITS
w7 EREES,

—75, Greenberger 513 ABPA %, fliitQ/ESINE
#fE9 ABPA-bronchiectasis & Z 1 fEb SN
Hilih 53 E s ABPA-seropositive IZ771), L hE
HIOBWIHE L 2 HUEZ4RIB L 7%, Rosenberg & D%k
D> &5 D Z DOETE FISMEFEORD D I 1gG il
E LT, IgE 72103 IgG FiRD It chit
o e Uiz, HRES %2 2 DFED S/ LT
TH5,

X 512 2013 2 iE ISHAM (the inter national society
for human animal mycology) 2387 L \»ERH#EZRIE L 7=
(3", ZOEETIIVEETUEE SN TOREEE

# 2 Rosenberg & DM HLHE

1 JHLHE
SAE I
KBk %
T AV E L Z IR O BRI R TN S R
&R IgE o L&
T AL XV AN KT B IR 1
MBS o BEA: (R 1 & 72 1B @)
A SR SRR
2 RELHE
MDRLIBIED S 7 AN ENLABP SRS
B DR % VR U 72 B
T ARNF ) AR AND 7V A GBIER) 7 K
I res
1 RHEEHER T T L7, ABPA RESERF
1 XKEHED S b 6 THZM 7 L7GE, ABPA SVl L
HTs %
2 KEHEIBWI D SH

(Rosenberg M, et al®. Ann Intern Med 86:1977 X b 5|1,
W)

MR EUIFRIE L 9V IRTE (predisposing conditions) & L
CEAPEGERE & ARl S, EEE & LTI T ALF
RIS 2 ARSI R SOG  7213 A, fumigatus FFER
1gE Hiffktk, MmiER IgE>1,00010/ml i 5h, %
UTINZ, ZDfA. fumigatus 23T BYREHE E 721
1gG itk £ 3BT 2 D%/ 9 2 & TRWITRE
LT3, I5ICHEEDORMIGH 508, B D FHERAY
BEWIHEMETH S ), Tz, W, X512 ABPA iy
$H& LC, Kumar 51 ABPA-S, ABPA-CB, ABPA-
CB-ORF (ABPA-CB with other radiological findings)
LB T L ERIEBL 7 (ORF ik, 79, 7v 7, &
Jig, SUBMERZ, MHEERRMEE, 7TALXa—=, g
K, TR 27, k72, Agarwal 5I54E ABPA-S,
ABPA-CB, ABPA-CB-HAM (ABPA-CB with HAM)
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%3 ISHAM D&t

Predisposing Conditions (FIE L 7§ W IREE)

REZRE, BT
Obligatory Criteria (AZEEH)

T AV L A ORI SRR ¥ 7 1% A. fumigatus DRy

IgE 3 k&

MFERA IgE A3 EH (>1,000 IU/mi) *
Other Criteria(Z DfhDIEH 3EHDRAR2EE)
A, fumigatus W2 T BB IABEZ 213 7 AL XL ARED

TG HitkFatE
ABPA 2 &307 5 ke

AT aA FIERET CRIFERRRE >500/ul (2 DIEEIC BV T)

*H L §RTD Other Criteria 33112, MiHFR IgE<1,000 IU/ml <

b ]

"TABPA IEET iR —BEE0ob D ary YU F—vay, i,
tram-track opacities, b HiB% & /finger-globe opacities, KM DD :
parallel line, V v REEE, K[EIIE I - WEOKRHEHL

(Agarwal R, et al”. Clin Exp Allergy 432013 X b 31, &%)

WL, o 3L REEIVERE T4 mild,
moderate, severe IZHTIZE S I EEHEL, BHEAIC
13X 512 ABPA-CB-ORF %A 72 4 BEOSEERREL
=
4. SAFS EDBE

JL4E, SAFS (severe asthma with fungal sensitiza-
tion) & W ) IREERREE LTV 3, SAFS I3EFR
e M- 7 EENGE T ABPA DRI S8 L L CER
SN, MEEFOGREISRE SN, 2O, 7A
XA IR ARRY: EZL IgE o LA (>
1,0001U/ml) &b VEERIE L CE#ES ", [E
XHNR, KRR LD FERIE ABPA DRIMIBS TH S
A3 SAFS &#EH%59 3 DIHRd ABPA-S TH 59,
A7 a4 FEIOEEHREMTONE T EiEok
AL, IgE DT 2580 2IERNH D, 2 DERDEHNIZE
¥ThH 5, FFE, SAFS i ABPA-S OFIEFETIZE L,
BrBERE L kbh w3, AHUEREICBERZEI R
E7 LA —HRETH 5 MEDIREDZ DML AB-
PA OFFEEDAREIES Z LI 2 TREED H D, FBREE >,

. BEICHITEHER

BfED ABPA iBFEO BEEIZMEERDa v br—L,
AMEEOTE - 18R, S[EHER - SO T TH B,
INFTHISEREL L TEEEAT oA FERED, &
BOERHEOHS % BIs L CHEFFDHHAI N TER,
AT A FROKRER - #53E13+97% evidence
IEICHDTIRAC, BEREGE - REHRIEAITH

D, ALY AVIMERINTE:, B@7L F=yu
v 0.5mg/kg/H%E 1~2 BEMRE L7, RHIZEEL,
6~8 EkFE L 7245, 5~10mg/HE W@ T2 LI 4
DS SN HI T DITHETIZ 45 %HSEIRL 721, 2D,
0.75mg/kg/H T 6 HFEHERE L7242, 0.5mg/kg/HT6
R, 5~10mg 70 6 W L TIHEL, 6~12 2 Hik
T 2 HEMTbh, FEREOEM13.5 %) &R OEFHKE
pREoNY, B, AT 04 FHOBERSEICET
HRABAKRTLTEY, 2ZOHENELND
(NCT00974766),

PFIEREANCB L TZATuA FARIORE - fikicfEH)H
Bk U - BRAERIICN L, FIEEFIA FSaF Y —Lo
A FEAS 2000 £E1C Stevens 57, 2003 4RI Warks 5
Lk hEEN, TNSOFEETTCA FTaF Y-
200 (-400)mg/ HD 16 BHEOHETbN T3, FE
BFl% BFIC ABPA OZAMINCfHA L7 iE OB,
RAE, PIEEREAEE L A7 4 PEED S v ¥ MU
BbiToh, RN 5 (NCT01321827),

SR, KEBSYEREDAA ¥ 94 v TI3BH0HER
Hlogsoeho snTv»s®, Lal, BEEAR evi-
dence I2Z L, FEMEHLE: EOBEEZEAL TS,
K CHREE I BYIEERD SRR EINTHA FHA VT
BHEEROEARNIIIHR I N LRy, 204, KXY
V=, BYaF— Lk EEHEREEROREIL
5% BBELHE N B,

F7, ABPA JAEICEIT2|RART B A FHIOZEC
I3ESRDH B, Agarwal 613 ABPA-S fEflic 77y =
F/FNEF 00—V 2HEINTIERZBES L, BRICE
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b7 &, MRS IgE 3 d L AIBROEABICEIM L 22 &
BHEL T3, ABPA T 28WIOWAAR T A K
BRSPS 2 M 2 0880585 51

S, WIFFT SR E LT3 IgE Jiidi#k (=)
S VWD L, SEGIOWE SR, RO AT A
FERSESIR A R L5 b b Y, ok iMiingEn
Z, 1’7)O

V. ABPM ICBT BRE-ER

FEtIZF I ABPA ICPIL TAXRTE -, ABPA L4t
@D ABPM B LTl BilodidsicZz LK, %< 1 case
report, PEIEIOWE I F 5, Chowdhary & I3UT4F,
2012 FEE TIZ ABPM & LTHEEN 150z E L&
THE LY, W5 &7z ABPM OBRER %2R 410 %
LT, ZOWEKIC X B LR DSED 5 7o DI
C.albicans THY, %134 v FhoOWETH -7, S
commune V& Bipolaris spp. W DWW THIE XdLTW70s,
% W HAD S OWEETH o7,

BE, 7 A~VLE N A DA O ERE OB Wi —
W CIIT AT, FiER L 2REREN W2 L
5, HPREG, MHRITHAS ABPA LIERIL, IMEAIIC 7 A
RNUFNANDT LT —HE T &7 & 2 iEpl 2
ABPM & LTV 23DIKTH 5, BWERBE COER
D S NI, BHHERZ 7LV EAEE L g
LTWwEr—2b%, —BEROMPHNTIRHTES T
AV F OV A DY/ 1gG CRBBEEIEAY) 2551k i
SN ABPA EBWIIN TV Z L%\,
—JF CHEIZERICMOR & ZEMGE 295 2 LAl
5NTW5, ABPA LIS NEEHID b I2id 7 AR
VENADNOERIZ X 5 ABPM HHELE L Ty 2 HTRENE
EHICAPICE (BEDH 5, Matsuse 59D ABPA JE
W&\ TR O SN B & EER & TR
DHBTERRLIHLIZD I LREIFTR2Y,

V. A TOHRRK

AEFBURIC X D Z O8I - [RIRERDERZ 5 2 A%
HENn, ZOHISZEDEEISURTL VIEFHIh vk, Z
CCAHFTOEER R 70, VEE BEANEEOT
LU — RS B RE DN - GRS L7 H D
FRETFRIE (FFFRREE « SRR RIS —BR) CAFRY)
D ABPM (B39 % 2ERRE AT S 7z,

PN H AR EATRENERR - B, HAT VL
¥ — TR E iR (WRLR) DFF 906 Mgtz W5iciTH

#Fz4 JEPANE LA ABPM OFFEE

A. alternaria
F. vansinfectum
Cladosporium spp. 2

Chowdhary & OEFHIBAEE TOIET ARV F N A
ABPM Ot 1L Ea—L7b D,

AFcotitiz, AIicBIT 5 ABPM GEH] (479 FEHF) D
RS TR E N P AU E A Z DN D L EE,

Chowdhary &' KIBTOME

fungus n fungus n
C. albicans 94 S. commune 16
Bipolaris spp. 20 C. albicans 15
S. commune 17 Penicillium spp. 6
Curvularia spp. 6 Mucor. spp. 3
P. boydii species complex 6 C. glabrata 2
Penicillum spp. 3 C. tropicalis 2

2

2

N, FOTREEREZES I3 7 UL — 2 RETHRE L
7ze UUF, ZOWEEET,

BhiEg <o ABPM GEGIOREGIECE, FHEECE
IEL, HusEz#ntd s &b daicduipy, sty
HOWHIRTH o, 77— A D — ¥ 647z ABPM
479 (7 A-NF VAL OERIC X 5 ABPM 13 59 4
ZEIDIL, TARUENLACKNT S [ 307
VX —EEGIET, »olmEaht 1ok Bl SESHER
IR E ke, IR 4 AT 3 HE 2L L
346 fEWE ABPA SEGI & L CHATS 2 &, SZctid &tk
D355 %% OB TH D, FERDWRIOBE I IEE
L T7eds, FEEFIOIME 50 bl L EFEiEDS
70 %301 < & HOPEROEEE X h EITECH o7, Fe,
FEEBHIONEER & ST ARSI E TR
83U Th-ote, e, SUEANHRE T, AFFCILRNRTY
SRR X RIS CHE T S el E A7 <
% IFHERI IgE ORI cR s n Tz, £/, M7
L X —DBRIZ T AL X0 AR 1gG BB DM T
WIDECTH Y, % ET AN AT 210
PURHEIE T STz, T, AFROBEREHEZ KR L
THIHRE CT ZERHNHITI N Tk, 2D bR
IR, BRI 80 % LT 61z, HAM 1
40 % TERD, ZHUINERHEE (20 %HEIR) X HEHETH -
Teo Eiz, ETHICERD 2L - BELD 10 %I TERD,
EEHIDS—EDEIGTHEEL TS Z LI, £
7z, BB AT A FEDS 70 %L s S (il
Be583 PSL #4325 mg/ H), 40 % T 1 BB 3k
FLTIRAZ LT\, £/, FEREFIGHEECCH
n, FEILA b aFV-uds, SEHITRY 3 -l
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BEIN T,

8, SEER X N7 ABPM EFICIIERBEIL 61 %
ThEN, BRI 76 % ThHoT, FEETNE RIIMEE
BETOALE 07 OBEHFEORS TH o7 (&R D,
7 AL F ) RJBIC D CTRBAEL (BEIETHID 9 %) T
2N, AFD ABPM O TRR X,

HbHYIc

5Bd & 912 ABPM 2135 { DT SREY R
LT3, £, 2EFHEORKE CAHO ABPM EHIX
TR OREN) & SEEFR, MHEERZ E0EZ->Tw, &
#®
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ARTICLE INFO ABSTRACT

Article history: Background: Asthma is a heterogeneous disease composed of various phenotypes. Periostin, a molecule

Received 30 June 2014 inducible with interleukin (IL)-4 or IL-13 in bronchial epithelial cells, is a biomarker of “TH2-high”

Received in revised form asthma. The objective of this study is to examine whether the serum periostin concentrations are

;\‘zcﬂg‘t’:é“;;rbi%::nber 014 correlated with the severity, specific phenotype(s), or comorbidity of asthma. ‘ .

Available online 13 January 2015 Methods: Serum concentrations of periostin were measured in 190 Japanese asthmatic patients and 11
healthy controls. The protocol was registered under UMIN 000002980 in the clinical trial registry.

Results: The serum concentrations of periostin were significantly higher (P = 0.014) in asthmatics [70.0

Ke ds: . R .

CE; ;Vsirc ihinosinusitis (54.0—93.5) ng/ml] than in healthy subjects [57.0 (39.0—63.0) ng/ml], though we found no correlation
Eosinophils between serum periostin concentrations and treatment steps required to control asthma. To characterize
Nasal polyp “high-periostin” phenotype(s), the patients with asthma were divided among tertiles based on the serum

Olfactory dysfunction
Tu2-high asthma

concentrations of periostin. The high-periostin group was older at onset of asthma (P = 0.04), had a
higher prevalence of aspirin intolerance (P = 0.04) or concomitant nasal disorders (P = 0.03—0.001),
higher peripheral eosinophil counts (P < 0.001), and lower pulmonary function (P = 0.02—0.07). The
serum concentrations of periostin were particularly high in asthmatic patients complicated by chronic
rhinosinusitis with nasal polyps and olfactory dysfunction. In contrast, neither atopic status, control
status of asthma, nor quality of life were related with the “high-periostin” phenotype.
Conclusion: Elevated periostin concentrations in serum were correlated with a specific phenotype of
eosinophilic asthma, late-onset and often complicated by obstructive pulmonary dysfunction and nasal
disorders.

Copyright © 2014, Japanese Society of Allergology. Production and hosting by Elsevier B.V. All rights reserved.

Introduction

* Corresponding author. Division of Pulmonary Medicine, Department of Medi-
cine, Tokai University School of Medicine, 143 Shimokasuya, Isehara, Kanagawa Asthma is an inﬂammatory disease of the airways character-

259-1193, Japan.

E-mail address: ko-asano@tokai-u.jp (K. Asano).
Peer review under responsibility of Japanese Society of Allergology.
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ized by bronchial hyperresponsiveness and reversible airflow
limitation, affecting about 300 million people in the world.! While

1323-8930/Copyright © 2014, Japanese Society of Allergology. Production and hosting by Elsevier B.V. All rights reserved.
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airway inflammation and respiratory symptoms can be controlled
with inhaled corticosteroids in most instances, they remain re-
fractory to the highest tolerable doses of inhaled corticosteroids,
long-acting bronchodilators, and leukotriene receptor antagonists
in patients with severe asthma.” The frequent disease exacerba-
tions suffered by these patients, and multiple emergency depart-
ment visits and hospitalisations represent a heavy social and
economic burden.® Furthermore, because the heterogeneous
characteristics of severe asthma preclude its control by a single
therapeutic agent, relevant phenotyping and individualized
treatment are essential.?

Interleukin (IL)-13, a TH2 cytokine, plays an important role in
the development and persistence of eosinophilic inflammation and
hyperresponsiveness in the asthmatic airways.” Patients with
“TH2-high” asthma have been identified by transcriptome analysis,
whose bronchial epithelial cells express excessive amounts of IL-
13-inducible genes, such as Clcal and Postn.® These patients present
with increased eosinophilic inflammation and airway hyper-
responsiveness, thickened basement membranes, and greater
responsiveness to corticosteroids.” On the other hand, periostin,
the product of IL-13-inducible Postn, is an extracellular matrix
protein of the fasciclin family,® and can be measured in serum.
Serum periostin concentrations are correlated with a sustained
eosinophilic inflammation of the airways® and rapid decline of
pulmonary function'® despite treatment with inhaled corticoste-
roids. Another study has suggested that the concentrations of
serum periostin can be used to predict the responsiveness to
treatment with anti~IL-13 antibody." Therefore, periostin might
be a useful biomarker as a companion diagnostic for severe
asthma.”? However, clinical characteristics or phenotype of asth-
matics with elevated serum periostin levels are not well studied.
This study examined whether, in asthmatic Japanese, the serum
concentrations of periostin are correlated with the disease severity,
specific phenotype or comorbidity.

Methods
Patient populations

Between April 1, 2010 and December 31, 2012, we enrolled
Japanese patients >20 years of age, who presented with difficult-to
treat asthma at Keio University Hospital and affiliated hospitals.
Asthma was diagnosed on the basis of the Japanese Society of
Allergology guideline.’* Asthma requiring step 4 or 5 treatment
actions, defined in the updated version of the 2006 statement by
the Global Initiative for Asthma (GINA) to achieve its optimum
control was defined as severe asthma.** Healthy subjects with no
history of allergic diseases and patients with mild to moderate
asthma controlled with step 1 to 3 treatment actions of GINA,
served as controls. Patients with uncontrolled malignant tumours
or widespread lung disease that prominently impaired lung func-
tion were excluded from enrolment. The protocol (no 2009-9-5)
initially approved by the Institutional Review Board of Keio Uni-
versity School of Medicine, was subsequently approved by the
Review Board of each participating institution, and implemented in
compliance with the Declaration of Helsinki. All participants
granted their written informed consent.

Collection of clinical information

The study participants reported their clinical information at the
time of enrolment by means of a self-completed questionnaire.
Poor adherence to the treatment was defined as < 5 day-use of
inhaled corticosteroids per week. Olfactory dysfunction was
defined by the presence of hyposmia/anosmia. The control status of

asthma and the disease-specific quality of life were ascertained,
using the Japanese versions of the asthma control test'® and the
Juniper's asthma quality of life questionnaire,'®” respectively.
Laboratory data and information pertaining to medications and
disease exacerbations were collected from medical records.

Serum concentrations of periostin and cytokines

The serum periostin concentrations were measured by enzyme-
linked immunosorbent assay, as previously reported.’® The serum
concentrations of IL-4, IL-5, and IL-13 were measured, using the
Bio-Plex® Suspension Array System (Bio-Rad Laboratories, Hercu-
les, CA, USA). Total and allergen-specific serum immunoglobulin
(Ig)E concentrations for house-dust mites, cat dander, fungi, and
insects were measured using a fluorescence-enzyme immunoassay
(Mitsubishi Chemical Medience Corporation, Tokyo, Japan). Atopic
asthma was defined as one or more allergen-specific IgE concen-
trations >0.70 UA/mL.

Pulmonary function tests

Pulmonary function during stable asthma was measured using a
CHESTAC-9800 spirometer (Chest, Tokyo, Japan), which met the
criteria of the American Thoracic Society. The predicted value of
vital capacity (VC) and forced expiratory volume in 1 s (FEVq) for a
Japanese population was calculated using the formula proposed by
the Japanese Respiratory Society. The fraction of exhaled nitric
oxide was measured with a Sievers nitric oxide analyser (GE
Healthcare Japan, Tokyo, Japan) in some participating institutions.

High-resolution computed tomography

Airway wall thickness was measured by high-resolution
computed tomography scans, using an Aquilion™ (TOSHIBA Med-
ical Systems Corporation, Tochigi, Japan) or LightSpeed® volume
scanner (GE Healthcare). The wall area and % wall area of the apical
bronchus of the right upper lobe (RB1) were measured using the
AZE VirtualPlace Lexus64® software (AZE, Tokyo, Japan).

Statistical analysis

The data are expressed as means + SD, median and interquartile
range, or percentages. Categorical data were analysed with the chi-
square test. Mann—Whitney test or Kruskal—-Wallis test, as appro-
priate. Spearman’s rank correlation coefficient was determined
between serum levels of periostin, TH2 cytokines, and blood
eosinophil counts. A regression analysis was performed to examine
the correlations between pulmonary functions and age- and sex-
adjusted or unadjusted, log-transformed serum periostin concen-
tration, duration of asthma and smoking history. A statistically
significant difference was defined as a two-tailed P value <0.05. All
statistical analyses were performed with the SPSS statistical soft-
ware package for Windows, version 20.0 (IBM Corporation,
Armonk, NY, USA).

Results
Characteristics of the study groups

This study enrolled 11 healthy subjects (mean age 39.5 + 12.1
years, 73% men) and 190 asthmatic patients (mean age 60.2 + 14.5
years, 44% men), including 22 in the GINA steps 1 and 2, 20 in step
3, 83 in step 4 and 65 patients in step 5. In 58 patients in step 4
(70%) and 58 patients in step 5 (89%), the status corresponded to
the definition of severe asthma by international ERS/ATS
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Table 1

Characteristics of the study groups.
GINA steps P
1-3 4&5
(n=42) (n=148)

Demographic and clinical observations
Men 38 46 039
Age, y 60.6 + 14.3 60.1 + 147 0.82
Age at onset of asthma, y 36.1 £20.1 32.6 +228 032
Body mass index, kg/m? 225+32 242+47 007

History of smoking 26.8 17.4 0.19
Aspirin intolerance 12.5 20.7 0.36
Atopic dermatitis 220 254 0.84
Allergic rhinitis 61.0 69.1 035
Chronic rhinosinusitis with nasal polyps 43.9 39.7 0.72
Olfactory dysfunction 36.6 28.3 034
Poor adherence to the treatment 154 5.1 0.04
Daily dose of inhaled corticosteroids, pg’ 273 £ 195 744 + 292 <0.001
Patients treated with daily oral 0 37.8 <0.001
corticosteroids

Patients treated with omalizumab 0 12.8 0.009

Laboratory measurements

Eosinophils/ul of blood 421 + 667 465 +537 071

Total serum IgE, IU/ml, median 160 330 0.04

(interquartile range) (71-550) (136—658)

Atopic type 53.7 59.5 0.59
Pulmonary function (n = 173)

VG, % predicted 98 + 13 9219 0.03

FEV4, % predicted 91 + 15 80 + 23 <0.001

FEV41/FVC, % 69 + 10 64 + 14 0.01

Fractional exhaled nitric oxide, ppb (n = 80) 29 + 32 49 + 51 0.03
Asthma severity and quality of life scores
Asthma Control Test

Asthma Quality of Life Questionnaire

225x32 18950 <0.001
55+10 47x+12 <0001

Values are proportions of patients in each study groups or means + SD if not
otherwise specified.
IgE, immunoglobulin E; VC, vital capacity; FEV,, Forced expiratory volume in 1 s;
FVC, forced vital capacity.

T Dose of inhaled corticosteroids are shown as fluticasone propionate equivalent.

guidelines.” Table 1 compares the characteristics of 42 patients
included in the GINA treatment steps 1 to 3 with those of 148 pa-
tients included in steps 4 and 5. The serum concentration of total
IgE and fractional exhaled nitric oxide in the latter group were
significantly higher, while VC, FEV4, and the asthma control test and
asthma quality of life questionnaire scores were significantly lower.
The rate of patients with poor adherence to the treatment was
lower in severe asthma group, and there were no differences be-
tween the 2 groups in sex distributions, age, body mass index,
peripheral blood eosinophil counts, atopic status, and prevalence of
comorbidity, including aspirin intolerance, atopic dermatitis,
allergic rhinitis and chronic rhinosinusitis with nasal polyps.

Relationship between serum periostin concentrations and severity of
asthma

The median serum periostin concentrations in the 190 asth-
matic patients was 70.0 (54.0—93.5) ng/ml, versus 57.0 (39.0—63.0)
ng/ml in the 11 healthy subjects (P = 0.014). There were no sig-
nificant differences, however, in the serum periostin concentra-
tions measured among patients in GINA step 1-3 [66.5 (51.0—87.0)
ng/mL], step 4; 70.0 (57.0-97.0) ng/mL, and step 5; 72.0
(54.0—103.0) ng/mL (Fig. 1). Periostin concentrations >90 ng/mL,
observed in 33% of the step 4 & 5 group, was found in only in 14% of
the step 1-3 group (P = 0.02 compared to step 4 & 5 group) and
none of the healthy controls (P = 0.02 compared to step 4 & 5
group), suggesting that a specific asthmatic phenotype(s) charac-
terized by elevated serum periostin concentrations (“periostin-
high” asthma) is more prevalent among patients requiring the most
intensive treatment.

P=0.01
(ng/m) P=0.08 P=0.17
10009 1 1
< ) -
2 4004 :
i N lgigiee
o ] —%— Pagegggst
- . 3:.0
] . :
10 ¥ ] ¥
Control GINA1-3  GINA4&5

Fig. 1. Relationship between serum periostin concentrations and severity of asthma.
The serum periostin concentrations in 11 healthy subjects 190 patients with asthma
are shown. The patients with asthma were divided between GINA treatment steps 1-3
and step 4 & 5. Bars indicate median values.

High serum periostin concentrations indicate a specific asthmatic
phenotype

To characterize the “periostin-high” phenotype of asthma, we
divided the 190 asthmatic patients among tertiles according to the
serum periostin concentrations (Table 2). The average age and age
at onset of asthma were significantly older in the high-than in the
low-periostin group, and the prevalence of late-onset asthma (age
at onset > 40 y) in high-periostin group (59.3%) was 1.7 times as
high as that in low-periostin group (34.5%, P = 0.009). Furthermore,
allergic rhinitis, olfactory dysfunction and aspirin-intolerance were
more prevalent, and abnormalities of pulmonary function tests and
peripheral eosinophil counts were significantly greater in the high-
than the low-periostin group (Tabile 2). Finally, the serum concen-
trations of TH2 cytokines, IL-4 and IL-13, were higher in the high-
periostin group, though the difference was of borderline statisti-
cal significance (Table 2). There was a weak to moderate correlation
between serum periostin levels and peripheral blood eosinophilia
(p = 0.38, p < 0.0001) and weak correlation with TH2 cytokine
levels in serum (p = 0.18-0.21, p = 0.01-0.03, Supplementary Fig. 1).
When the analysis was limited to the 148 patients included in the
GINA step 4 and 5 group, the highest-periostin group was also older
at the time of onset of asthma, was leaner, had a higher prevalence
of nasal diseases, lower pulmonary functions, and higher serum
TH2 cytokine concentrations and peripheral eosinophil counts
(Supplementary Table 1).

Because high periostin concentrations were correlated with
nasal disorders, such as allergic rhinitis, chronic rhinosinusitis with
nasal polyps, and olfactory dysfunction (Supplementary Fig. 2),
then we examined which component(s) of the disorders deter-
mined this relationship. Fig. 2 shows that the patients who suffered
from both chronic rhinosinusitis with nasal polyps and olfactory
dysfunction had the highest serum periostin concentrations
(P = 0.001 compared with the patients without nasal disorder).
FEV: and FEVy/forced vital capacity (FVC) were lower among pa-
tients with high serum periostin concentrations (Table 2). We,
therefore, performed single and multivariate analyses to examine
whether serum periostin was correlated with obstructive pulmo-
nary dysfunction, and found that log-transformed serum periostin
concentrations were weakly correlated with FEV{/FVC (P = 0.03;
Table 3), but not with %predicted FEV; (P = 0.27). By multiple
variable analysis, serum periostin concentration was marginally
correlated with FEV4/FVC independently of asthma duration or
smoking history (Table 3).
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Table 2
Characteristics of patients in the low, intermediate and high periostin groups.
Periostin pt
Low Intermediate High
(n=63) (n=64) (n=63)
Serum periostin, ng/ml, median (interquartile range) 49.0 70.0 109
(43.5-54.0) (65.0-77.3) (94.0-129.0)
Demographic and clinical observations
Men 444 39.1 492 0.72
Age, y 56.1 £ 15.0 60.6 + 14.3 64.1 £ 134 0.002
Age at onset of asthma, y 294 + 234 33.8 £24.0 369+ 184 0.04
Early-onset asthma (age at onset < 16 y) 379 322 185 0.02
Late-onset asthma (age at onset > 40 y) 345 47.5 59.3 0.009
Body mass index, kg/m? 244 +53 240 + 4.4 229+32 0.23
History of smoking 164 19.0 237 0.59
Aspirin intolerance 115 18.3 27.1 0.04
Atopic dermatitis 164 33 24.1 0.36
Allergic rhinitis 57.4 68.3 76.3 0.03
Chronic rhinosinusitis with nasal polyps 31.7 424 48.3 0.09
Olfactory dysfunction 164 28.3 46.6 0.001
Poor adherence to the treatment 35 100 8.6 0.23
Daily dose of inhaled corticosteroids, pg' 611 + 348 638 + 303 676 + 356 0.31
Patients treated with daily oral corticosteroids 27.7 26.1 323 0.70
Patients treated with omalizumab 11.1 7.8 11.1 1.00
Laboratory measurements
Eosinophils/ul of blood 319 + 490 469 + 629 584 + 540 <0.001
Total serum IgE, IU/ml, median (interquartile range) 250 (73-654) 325 (98-636) 313 (134-643) 0.34
Atopic type 629 59.4 524 0.28
Interleukins (IL)
Serum IL-4, pg/d] 11.7+76 143 + 8.9 153 +9.1 0.06
Serum IL-5, pg/dl 340+ 189 40.1 + 20.6 410 +£228 0.22
Serum IL-13, pg/dl 220 +£220 20275 304 + 44.1 0.06
Pulmonary function (n = 173)
VC, % predicted 92.8 + 16.1 96.2 + 20.2 90.5 + 16.5 0.32
FEV,, % predicted 833 +22.7 87.5+229 76.1 £ 20.0 0.07
FEV,1/FVC, % 67.2 + 14.2 675+ 11.7 614 +13.4 0.02
Fractional exhaled nitric oxide, ppb (n = 80) 459 + 61.7 40.6 + 35.9 493 + 46.9 0.50
Computed tomography (n = 55)
Wall area, % 59.1 + 9.7 577 +7.0 56.9 + 6.8 0.51
Asthma severity and quality of life scores
Asthma Control Test 19.7 £ 4.7 19353 202+ 46 0.53
Asthma Quality of Life Questionnaire 49+ 1.2 48 +13 48+ 13 0.88

Values are proportions of patients in each study groups or means + SD if not otherwise specified.
IgE, immunoglobulin E; VC, vital capacity; FEV, Forced expiratory volume in 1 s; FVC, forced vital capacity.

t Low versus High periostin group.
* Dose of inhaled corticosteroids are shown as fluticasone propionate equivalent.

Discussion

Since asthma is a heterogeneous disease, its treatment, espe-
cially when severe, should be based on the specific molecular
mechanism identified in each individual patient. The serum peri-
ostin concentration was expected to be a reliable surrogate marker
of IL-13 activity in vivo and of persistent eosinophilic inflammation
in the airways. The present study adds further evidence that serum
periostin is clinically useful, by showing that its concentration is
correlated with a specific phenotype of asthma, instead of with its
severity.

Periostin is localized with other matricellular proteins in the
subepithelial layer of the airways. Its elevated expression in bron-
chial epithelial cells is related to subepithelial fibrosis of the air-
ways.® Furthermore, the serum periostin concentrations correlate
with an annual decline in FEVy, independently of the severity of
asthma or smoking history, in asthmatics treated with inhaled
corticosteroids.!® Therefore, periostin seems to contrast with other
biomarkers of asthma, such as YKL-40 and C-reactive protein,
which reflect airway inflammation, but not a specific phenotype
such as a rapid deterioration of pulmonary function.”® Our obser-
vation that patients with high serum periostin concentrations had
low FEV; and FEV4/FVC in spite of shorter duration of asthma

confirms that periostin is a biomarker of rapid decline in pulmo-
nary function. However, we could not show a relationship between
serum periostin concentrations and airway remodelling assessed
by the airway wall thickness on computed tomography
morphometry. That relationship will require further studies.

The “high-periostin” phenotype identified in our study, i.e. late-
onset asthma with eosinophilia and concomitant nasal disorders,
corresponds to the phenotypes/endotypes proposed by other re-
searchers. A cluster analysis of severe asthma suggested the pres-
ence of an inflammation-predominant phenotype, characterized by
a later onset of the disease with active eosinophilic inflammation.?°
Another study also described a population of patients with severe,
adult-onset asthma, who were more likely to be non-atopic, asso-
ciated with increased concentrations of exhaled nitric oxide and
sputum eosinophils, and in whom nasal symptoms and polyposis
were more prevalent.?! This late-onset, hypereosinophilic asthma
is also considered a specific endotype.?

We found that high concentrations of serum periostin were
correlated with other nasal disorders, such as allergic and non-
allergic rhinosinusitis. Among the nasal disease manifestations,
the combination of chronic rhinosinusitis with nasal polyps and
olfactory dysfunction was most prominently correlated with high
concentrations of serum periostin. The combination of nasal polyps
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Fig. 2. Relationships between serum periostin concentrations and concomitant nasal
disorders. The serum periostin concentrations in patients with versus without
concomitant nasal disorders are compared. NP -+ O, chronic rhinosinusitis with nasal
polyps -+ olfactory dysfunction; NP, chronic rhinosinusitis with nasal polyps without
olfactory function; O, olfactory dysfunction without chronic rhinosinusitis with nasal
polyps; AR, allergic rhinitis alone. Bars indicate median values. Kruskal—Wallis test and
Mann—Whitney test were used to compare the groups. P = 0.003; Kruskal-Wallis,
P = 0.001; Mann—Whitney (NP + O vs. none). -

Table 3
Relationships between serum periostin concentrations and pulmonary function.
FEV,/FVC
I P
Analysis
Single variable
Serum periostin concentration’ -0.16 0.03
Multiple variable
Unadjusted
Serum periostin concentration’ -0.15 0.05
Disease duration -0.31 <0.001
History of smoking -0.16 0.04
Adjusted for age and sex
Serum periostin concentration’ -0.06 0.42
Disease duration -0.27 <0.001
History of smoking -0.03 0.70

FEVy, Forced expiratory volume in 1 s; FVC, forced vital capacity.
! Log-transformed.

and hyposmia/anosmia is observed in patients with chronic
eosinophilic rhinosinusitis, often complicated by peripheral blood
eosinophilia and aspirin-intolerant asthma.”®> Therefore, a high
proportion of our patients presenting with both chronic rhinosi-
nusitis with nasal polyps and olfactory dysfunction might have
suffered from chronic eosinophilic rhinosinusitis, though this was
not confirmed by pathologic studies. Periostin mRNA is increasingly
expressed in the nasal mucosa of patients presenting with chronic
eosinophilic rhinosinusitis with nasal polyps.>#?> Therefore, the
concentrations of serum periostin may reflect an increased pro-
duction of this molecule in both the upper and the lower airways.

It has been considered that early-onset atopic asthma is a TH2-
related disease,’ however, our study showed that the high serum
periostin concentrations were not correlated with serum concen-
trations of IgE or atopic status, and rather associated with late-
onset asthma. It has been reported that the expression of peri-
ostin is decreased by corticosteroids,®” therefore, the periostin
concentrations in early-onset atopic asthma might have been
decreased by corticosteroid. The reason why the concentrations of
periostin remained elevated despite corticosteroids in adult-onset

eosinophilic asthma has not been clear yet. In in vitro experi-
ments, corticosteroids completely inhibited the IL-4/13-induced
periostin production in fibroblasts, and enhanced it in microvas-
cular endothelial cells, however, the TGF-B-induced production of
periostin in fibroblasts is resistant to corticosteroids,® suggesting
that the site or microenvironment of periostin synthesis might be
different in early-versus late-onset asthma. Serum periostin levels,
therefore, can be a useful biomarker to identify specific phenotypes
of severe asthma independently of atopic status.

Study limitations

The diagnoses of concomitant disorders, such as aspirin-
intolerant asthma, atopic dermatitis, allergic rhinitis and chronic
rhinosinusitis with nasal polyps were based on the patients' an-
swers to the questionnaire, not on objective measurements from
challenge tests, or radiographic and pathological examinations.
Therefore, patients with asymptomatic concomitant diseases may
have been missed in the analysis. Second, since this study was
based on a cross-sectional analysis, we could not determine
whether the concentrations of periostin in serum were stable
through the course of the disease, or varied according to its control
or therapeutic interventions. Third, we have no data whether
serum periostin levels can be influenced by age or sex, therefore,
the difference in serum periostin levels between healthy subjects
and asthmatic patients may have been compromised by the dif-
ference in age and gender distribution.

In conclusion, periostin is a biomarker that reliably identifies a
TH2-related asthma, late-onset, eosinophilic, and often compli-
cated with declining pulmonary function and nasal diseases,
chronic eosinophilic rhinosinusitis in particular.
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