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Abstract
Background: Asthma animal models provide valuable infor-
mation about the pathogenesis and the treatment of asth-
ma. An ovalbumin (OVA)/complete Freund’s adjuvant (CFA)-
sensitized model was developed to induce neutrophil- 
dominant asthma and to investigate whether fungal immu-
nomodulatory peptide-fve (FIP-fve) could improve asthma 
features in the OVA/CFA-sensitized model. Methods: We 
used female BALB/c mice and sensitized them intraperitone-
ally with OVA/CFA on days 1, 2, and 3. On days 14, 17, 21, 24, 
and 27, they were challenged with intranasal OVA. The air-
way hyper-responsiveness (AHR) was detected by BUXCO, 
inflammatory cells were stained with Liu’s stain, the cyto-
kines were detected using ELISA, and the airway inflamma-
tion was analyzed with hematoxylin and eosin stain. Results: 
According to the results, OVA/CFA sensitization could in-
duce AHR, high levels of IgE, and inflammatory cells espe-

cially neutrophils infiltration in the lung and airway inflam-
mation. IL-4, IL-5, IL-6, IL-8, IL-10, IL-13, IL-17, IL-25, IL-33, and 
transforming growth factor-β (TGF-β) increased in the OVA/
CFA-sensitized mice. OVA/CFA-sensitized mice treated with 
FIP-fve not only increased IL-12 and IFN-γ but also decreased 
IL-4, IL-5, IL-6, IL-8, IL-13, IL-17, IL-25, IL-33, and TGF-β in the 
bronchoalveolar lavage fluid. Moreover, FIP-fve significantly 
decreased neutrophil infiltration in the lung. Conclusion: 
The OVA/CFA model induced neutrophilic asthma success-
fully, and FIP-fve improved neutrophil-dominant asthma.

© 2021 S. Karger AG, Basel

Introduction

Asthma, a chronic inflammatory disease of the airway 
that affects 235 million people worldwide, is associated 
with a significant health and economic burden [1, 2]. The 
prevalence continues to increase [3]. Asthma is classical-
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ly characterized as a T-helper (Th)-2-mediated process, 
which involves inflammatory cell infiltration, airway hy-
per-responsiveness (AHR), and mucus hypersecretion 
[4].

In most asthmatic subjects, Th2 bias and eosinophil-
dominated bronchial inflammation have been found; 
however, some patients are characterized by neutrophil-
predominant asthma sub-phenotypes along with Th1 
and Th17 cells [5]. Due to the insufficiency of appropriate 
experimental models, little is known about the etiology of 
many neutrophil-dominated asthma sub-phenotypes [5]. 
In order to understand the distinct immune-pathological 
features of eosinophilic asthma and neutrophilic asthma, 
an ovalbumin (OVA)-based mouse model of neutrophil-
dominated allergic pulmonary inflammation was devel-
oped [5, 6]. This neutrophil-dominated model was sensi-
tized with OVA and complete Freund’s adjuvants (CFAs) 
and then challenged by OVA aerosol. In contrast to the 
Th-2-dominated phenotype provoked by OVA/alum, 
OVA/CFA adjuvant-based sensitization elicited a neu-
trophil-dominated pulmonary inflammation that was 
poorly controlled by dexamethasone[5–7].

Previous studies have indicated that the immunomod-
ulatory protein fungal immunomodulatory peptide-fve 
(FIP-fve) extracted from the mushroom, which is often 
consumed in our daily life, can make HPBMCs and pro-
duce a significant amount of IFN-γ [8, 9]. From the previ-
ous studies of FIP-fve on asthma and allergic diseases, we 
based our study on the following findings [10]. In the ex-
perimental model of OVA/alum-sensitized mice, FIP-fve 
reduced AHR, decreased the level of IgE in the serum, and 
the levels of IL-4, IL-5, and IL-13 in the bronchoalveolar 
lavage fluid (BALF). Otherwise, the OVA/alum-sensi-
tized mouse models with chronic allergic pulmonary in-
flammation found that FIP-fve decreased not only eosin-
ophils but also neutrophils, reduced the levels of IL-4, IL-
5, IL-13, and IL-17, and improved airway remodeling 
[11], which drew our attention to FIP-fve as a possible 
choice of treatment in neutrophilic asthma. In order to 
parallel neutrophil-dominated allergic pulmonary in-
flammation, we used an asthma model with OVA/CFA 
sensitization and evaluated the efficacy of FIP-fve in this 
model.

Materials and Methods

Mice
Female BALB/c mice (6 weeks old; National Laboratory Ani-

mal Center, Taiwan) known to be high IgE responders were used. 
The mice were individually housed in rack-mounted stainless steel 

cages with free access to food and water. There were 5 mice in each 
of the normal control groups and 8 mice in each of the experiment 
groups, and the experiment was repeated 3 times in this study.

Fungal Immunomodulatory Protein-fve
We extracted FIP-fve from Flammulina velutipes. The isolation 

protocol was based on the previous studies [8, 12], and we gave 
each treated mouse 200 μg FIP-fve orally.

Protocol for Mice Allergen Sensitization and Challenge
There were 2 asthma animal models in this study (Fig. 1).

Protocol 1-OVA/Alum
The sensitization protocol was as follows: mice received an in-

traperitoneal injection of 50 μg of OVA complexed with 5× diluted 
alum (total volume in 2 mL) on days 1, 2, and 3 and an intranasal 
dose of 5% OVA 50 μL on days 14, 17, 21, 24, and 27. The control 
group received normal saline with alum intraperitoneally. On day 
28, following the methacholine challenge, AHR was determined in 
all the experimental groups, and the mice were then sacrificed.

Protocol 2-OVA/CFA
The sensitization protocol was as follows: mice received an in-

traperitoneal injection of 50 μg of OVA emulsified in 75 μL of CFA 
on days 1, 2, and 3 and an intranasal dose of 5% OVA 50 μL on 
days 14, 17, 21, 24, and 27.

Regarding the OVA/CFA-treated groups, the pre-group was 
fed FIP-fve (200 µg/pc) on days 1–14, and the post-groups were fed 
FIP-fve on days 14–27. Both of them were still sensitized with the 
above protocol 2. The negative control group received an intra-
peritoneal injection of 75 μL CFA on days 1, 2, and 3, and the 
positive control group received an intraperitoneal injection of 50 
μg of OVA emulsified in 75 μL of CFA on days 1, 2, and 3 and an 
intranasal dose of 5% OVA 50 μL on days 14, 17, 21, 24, and 27. 
On day 28, following the methacholine challenge, AHR was deter-
mined in all the experimental groups, and the mice were then sac-
rificed.

Airway Resistance Assessment
Airway resistance measurements were performed using a Fine-

Pointe RC system (Buxco Research Systems, Wilmington, NC, 
USA). The mice were subsequently challenged with aerosolized 
normal saline (baseline) before being treated with methacholine at 
the following ascending doses: 0, 5, 10, and 20 mg/mL. Average 
compliance values were recorded during a 3-min period following 
each challenge.

BALF Preparation and Inflammatory Cell Count
Bronchoalveolar lavage was performed immediately after the 

last measurement of airway responsiveness. Lung lavage was per-
formed 3 times with 1.0 mL of normal saline. The BALF was cen-
trifuged at 5,000 rpm for 8 min. A cytospin centrifuge of 100 µL 
was used, and differential cell counts were performed using the 
centrifuged preparations and stained with Liu’s stain, counting 300 
or more cells for each animal at a magnification of ×1,000 (oil im-
mersion).

The Measurement of OVA-Specific Antibodies in Serum
The serum levels of OVA-specific IgE, IgG1, and IgG2a were 

determined first. In short, the 96-well microtitre plates were coat-
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ed with 100 mg/mL of OVA in 0.1 M NaHCO3 at 4°C and left over-
night. The plates were washed with Tween 20 solution (0.05%) and 
then blocked with bovine serum albumin (3%) for 1 h at 37°C. 
After washing, 50 μL of serially diluted sera (5× sample diluted) in 
3% bovine serum albumin was added and incubated at 4°C, and 
the plates were left unattended overnight. After washing, HRP 
conjugated with anti-mouse isotype-specific antibody (BD 
PharmingenTM), and optimal dilutions were added. The plates 
were incubated at 37°C for 2 h and were then washed. To deter-
mine the IgE/IgG1/IgG2a, p-nitrophenyl phosphate substrate 
(Sigma Chemical Co., St Louis, MO, USA) was added, and the ab-
sorbance at 490 nm was measured. The detection antibody was 
alkaline phosphatase-labeled.

Cytokine Measurement
We measured BALF cytokine levels of IL-4, IL-5, IL-6, IL-8, IL-

10, IL-12, IL-13, IL-17, IL-25, IL-33, IFN-γ, transforming growth 
factor-β (TGF-β), and matrix metallopeptidase 9 (MMP9) with 
detecting enzyme immunoassays according to the manufacturer’s 
protocol (R&D Systems, Inc.).

All reagents and samples were brought to room temperature 
before use. The cytokine kit was used according to the manufac-
turer’s instructions.

Quantitative Real-Time PCR Analysis
We isolated the total RNA from the lung homogenates with 

Trizol (Invitrogen; Grand Island, NY, USA) and reverse-tran-
scribed them. We performed the real-time PCR with a ABI Step
OneTM System (Applied Biosystems, Foster City, CA, USA). We 
used the primers as follows: β-actin forward 5′-TGG AAT CCT 
GTG GCA TCC ATG AAAC-3′ and reverse 5′-TAA AAC GCA 
GCT CAG TAA CAG TCCG-3′; T-bet forward 5′-GCC AGG 
GAA CCG CTT ATA TG-3′ and reverse 5′-GAC GAT CAT CTG 
GGT CAC ATT GT-3′; GATA3 forward 5′TTT ACC CTC CGG 
CTT CAT CCT CCT 3′ and reverse 5′TGC ACC TGA TAC TTG 
AGG CAC TCT-3′; RORrt forward 5′-TCT ACA CGG CCC TGG 
TTCT-3′ and reverse 5′-ATG TTC CAC TCT CCT CTT CTC 
TTG-3′; and FOXP3 forward 5′-TCA TCC GCT GGG CCA TCC 
TG-3′ and reverse 5′-GTG GAA ACC TCA CTT CTT GGT C-3′.

Animal model

Protocols Downstream assay

Female, Balb/c mouse

Sensitization

I.P. (OVA/Alum)

OVA/Alum model

I.N. (5% OVA)

Challenge

AHR
sacrifice

Day 1 2 3 14 17 21 24 2728

1 2 3 14 17 21 24 2728

1 2 3 14 17 21 24 2728

I.P. (OVA/CFA)

OVA/CFA model

OVA/CFA model

I.N. (5% OVA)

AHR
sacrifice

Day

I.P.

Pre-Fed FIP-fve,
200 µg/pc

Pre-Fed FIP-fve,
200 µg/pc

I.N.

Day

Samples

Airway resistance

Serum

BALF

Lung Lung tissue RNA extraction and
PCR
Histograms-H&E stain

Cytokines detect
Inflammation cells counting

IgE/IgG1/IgG2a detect

AHR test-BUXCO system

Fig. 1. Asthma sensitized/challenged protocols and the schedules for treatment or evaluation. The protocols used 
for the mouse models of allergic asthma. (1) The protocols used for the OVA/alum asthma models. (2) The pro-
tocols used for the OVA/CFA asthma models. (3) The protocols used for the OVA/CFA asthma models and the 
pre- or post-treatment with FIP-fve. OVA, ovalbumin; CFA, complete Freund’s adjuvant; FIP, fungal immuno-
modulatory peptide; H&E, hematoxylin and eosin.
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Histograms
The mice were euthanized after the final exposure, and the right 

lung and trachea were filled intratracheally with a fixative (0.8% 
formalin and 4% acetic acid) using a ligature around the trachea. 
The lung tissue was then embedded in paraffin, cut into 5-µm sec-
tions, and stained with hematoxylin and eosin.

Statistical Analysis
All data were analyzed using GraphPad Prism 6 for Windows. 

The data were expressed as median ± interquartile range. For vari-
ables that did not have a normal distribution, the Kruskal-Wallis 
test was used for comparisons. Differences with p values <5% were 
regarded as statistically significant.

Results

Asthmatic Features in the Two Asthma Animal 
Models
The results of AHR, inflammation cells, OVA-specif-

ic IgE/IgG1, and several cytokines of the 2 asthma ani-
mal models are shown in Figures 2 and 3. AHR had ris-
ing values in both asthma and animal models. The neu-
trophils increased more in the OVA/CFA-sensitized 
group than in the OVA/alum-sensitized group. The se-
rum IgE increased in both asthma animal models, and 
the serum IgG1 increased more in the OVA/alum-sen-
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Fig. 2. Asthmatic features in the 2 asthma animal models. The fea-
tures of asthma models with OVA/alum or OVA/CFA sensitiza-
tion. a The airway resistance values. b The inflammatory cell infil-
tration in the lung. c, d The OVA-specific IgE/IgG1 expression of 
the 2 asthma animal models. The statistical analysis comparing the 
OVA/alum-sensitized mice is represented as: *p < 0.05; **< 0.01; 
and ***p < 0.001. The statistical analysis comparing the normal 

group (NC-alum) of mice is represented as: #p < 0.05; ##p < 0.01; 
and ###p < 0.001. The statistical analysis comparing the normal 
group (NC-CFA) of mice is represented as: +p < 0.05; ++p < 0.01; 
and +++p < 0.001. The numbers of animals were NC-alum (5), NC-
CFA (5), OVA/alum (8) and OVA/CFA (8).OVA, ovalbumin; 
CFA, complete Freund’s adjuvant; NC, negative control.
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sitized group than in the OVA/CFA-sensitized group. 
We found that Th2 associated cytokines, such as IL-4, 
IL-5, and IL-13, showed similar results in 2 models. 
However, the OVA/CFA-sensitized group expressed 
higher levels of cytokines (IL-6, IL-8, IL-10, IL-17, IL-25, 
and IL-33) and TGF-β than those in the OVA/alum-sen-
sitized group.

According to our previous studies [10, 11, 13, 14], FIP-
fve improved AHR and inflammatory cell infiltration and 
decreased Th2 associated cytokines in the OVA/alum-
sensitized asthma animal model. The effect of FIP-fve in 
the OVA/CFA-sensitized mice was as follows.

The Effect of FIP-fve on AHR in the OVA/ 
CFA-Sensitized Mice
Airway function was assessed by measuring the chang-

es in lung resistance and compliance elicited by metha-
choline inhalation. The airway resistance and compliance 
are measured in 4 groups and analyzed in Figure 4a. The 
results were recorded for the OVA/CFA-sensitized mice 
which were treated with or without FIP-fve. The values of 
airway resistance showed no significant difference in the 
control group, the OVA/CFA-sensitized group and the 
FIP-fve-treated groups while challenged with the metha-
choline doses at 0 (saline), 5 mg, and 10 mg. However, the 
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Fig. 3. Cytokines expressed in BALF in the 2 asthma animal mod-
els. Cytokines in the BALF were obtained from the 2 asthma mod-
els sensitized/challenged with OVA/alum or OVA/CFA. a–c The 
concentration of IL-4, IL-5, IL-6, IL-8, IL-10, IL-13, IL-17, IL-25, 
IL-33, and TGF-β in the BALF in each group. The statistical anal-
ysis comparing the OVA/alum-sensitized mice is represented as: 
*p < 0.05; **p < 0.01; and ***p < 0.001. The statistical analysis com-
paring the normal group (NC-alum) of mice is represented as:  

#p < 0.05; ##p < 0.01; and ###p < 0.001. The statistical analysis com-
paring the normal group (NC-CFA) of mice is represented as:  
+p < 0.05; ++p < 0.01; and +++p < 0.001. The numbers of animals 
were NC-alum (5), NC-CFA (5), OVA/alum (8) and OVA/CFA 
(8). OVA, ovalbumin; CFA, complete Freund’s adjuvant; NC, nor-
mal group; BALF, bronchoalveolar lavage fluid; NC, negative con-
trol; TGF-β, transforming growth factor-β.
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values of airway resistance while challenged with the 
methacholine dose at 20 mg were higher in the OVA/
CFA-sensitized group than in the FIP-fve-treated group 
and the control group.

The Effect of FIP-fve on the Inflammatory Cells in the 
Lung of the OVA/CFA-Sensitized Mice
We evaluated the inflammatory cells by counting the 

eosinophils, neutrophils, lymphocytes, and monocytes in 
the BALF. Figure 4b shows that the inflammatory cells, 

especially the neutrophils, are higher in the OVA/CFA-
sensitized group than in the control group. Moreover, 
FIP-fve treatment decreased the inflammatory cells, espe-
cially the neutrophils.

The Effect of FIP-fve on the OVA-Specific Antibodies 
in the Serum of the OVA/CFA-Sensitized Mice
We found that the serum IgE and IgG2a elevated after 

the OVA/CFA sensitization/challenge compared with 
the normal control group. After the treatment with FIP-
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Fig. 4. The effect of FIP-fve on the asthmatic features in OVA/CFA-
sensitized mice. The features of asthma models in the OVA/CFA-
sensitized/challenged mice and the FIP-fve-treated groups. a The 
airway resistance values. b The inflammatory cell infiltration in the 
lung. c, d The OVA-specific IgE/IgG2a expression in the OVA/
CFA-sensitized and the FIP-fve-treated groups. The NC group was 

sensitized with CFA, while the PC group was OVA/CFA-sensi-
tized/challenged. The statistical analysis comparing the PC group 
is represented as: *p < 0.05; **< 0.01; and ***p < 0.001. The numbers 
of animals were NC (5), PC (8), pre (8), and post (8).NC, negative 
control; PC, positive control; OVA, ovalbumin; CFA, complete 
Freund’s adjuvant; FIP, fungal immunomodulatory peptide.
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fve, in both the pre-treated and the post-treated, the se-
rum IgE decreased (Fig.  4c) and the serum IgG2a in-
creased, especially in the post-treated group (p < 0.001, 
Fig. 4d).

The Effect of FIP-fve on the Cytokines and MMP9 
Expressed in BALF of the OVA/CFA-Sensitized Mice
The concentration of the cytokines in the BALF is 

shown in Figure 5. In the OVA/CFA-sensitized group, 
the expression of IL-4, IL-5, IL-6, IL-8, IL-10, IL-13, IL-
17, IL-25, IL-33, and TGF-β (Fig. 5a) was higher than in 
the control group, and IL-4, IL-5, IL-6, IL-8, IL-13, IL-17, 
IL-25, IL-33, and TGF-β decreased after prescribing FIP-
fve. However, the expression of IL-12 and IFN-γ (Fig. 5b) 
was mildly higher in the OVA/CFA group than in the 
control group. After treating with FIP-fve, the expression 

of IL-12 and IFN-γ became higher. The expression of 
MMP9 (Fig. 5e) showed a mild increase in the OVA/CFA 
groups compared to the control group but no statistical 
decrease after giving FIP-fve.

The Effect of FIP-fve on the RNA Levels of the 
Transcription Factor in the Th1, Th2, Th17, and Treg 
Cells Expressed in the OVA/CFA-Sensitized Mice
The total RNA was isolated from the lung homoge-

nates and reverse-transcribed (Fig. 6). In the OVA/CFA-
sensitized group, Th1, Th2, Th17, and regulatory T cells 
(Treg) cells were expressed more than those in the control 
groups. Besides, FIP-fve increased the expression of Th1 
and Treg but decreased the expression of Th2 and T17. 
With the only FIP-fve prescription group, the expression 
of Th1, Th2, and Treg mildly increased.
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CFA-sensitized/challenged. The statistical analysis comparing the 
PC group is represented as: *p < 0.05; **< 0.01; and ***p < 0.001. 
The numbers of animals were NC (5), PC (8), pre (8), and post (8).
NC, negative control; PC, positive control; OVA, ovalbumin; CFA, 
complete Freund’s adjuvant; FIP, fungal immunomodulatory pep-
tide; BALF, bronchoalveolar lavage fluid; TGF-β, transforming 
growth factor-β.
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The Effect of FIP-fve on Lung Inflammation in the 
OVA/CFA-Sensitized Mice
The lung inflammation was evaluated through histo-

logic stain with hematoxylin and eosin (Fig. 7). In the 
OVA/CFA-sensitized group, airway inflammation was 
more serious than in the control groups. Besides, both 
FIP-fve-treated groups showed significant improvement 
in lung inflammation.

Discussion

The results of the present study revealed the funda-
mentals of an asthma mouse model using OVA sensitiza-
tion with CFAs. In this neutrophilic asthma animal mod-
el, AHR, IgE, and IgG1 expression in the serum, inflam-
matory cells, and cytokines in the BALF and airway 
inflammation could be induced successfully. We also 
found the immunomodulatory protein FIP-fve improved 
the AHR, serum IgE, inflammatory cells, and cytokines 
IL-4, IL-5, IL-6, IL-8, IL-13, IL-17, IL-25, IL-33, and 
TGF-β in the BALF and airway inflammation in the 
OVA/CFA model.

Epithelial cells, the sentinels of the innate immune sys-
tem, released IL-33, thymic stromal lymphopoietin, IL-25, 
granulocyte-macrophage colony-stimulating factor, mac-
rophage colony-stimulating factor, TGF-β, and IL-1α [15]. 
Neutralization of either one of the cytokines had the po-
tential to suppress the asthma features such as bronchial 
hyper-reactivity and goblet-cell metaplasia [16]. The epi-
thelial cytokines IL-33, thymic stromal lymphopoietin, 
and IL-25 induced activation of Th2 cells, type 2 innate 
lymphoid cells (ILC2s), and other innate lymphocytes, and 
IL-33 and IL-25 were activators of ILC2 proliferation and 
cytokine production [17]. Our study showed FIP-fve de-
creased elevated IL-33 and IL-25, which might be associ-
ated with ILC2 activation and further cytokine production.

Animal models of typical asthma mimic features of the 
human disease including AHR, eosinophilic inflamma-
tion, and airway remodeling [18]. Many studies have de-
scribed procedures to generate acute models of eosino-
philic asthma in mice, with OVA as the allergen [18, 19]. 
Bogaert et al. [5] developed an OVA/CFA mouse model 
with neutrophil-dominated allergic pulmonary inflam-
mation. The OVA/CFA model elicited neutrophilic asth-
ma which was poorly controlled by dexamethasone [5].
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Fig. 6. The effect of FIP-fve on the expression of the transcription 
factors in Th1, Th2, Th17, and Treg cells expressed in the OVA/
CFA-sensitized mice or original BALB/c mice. The RNA levels of 
the transcription factor in the Th1, Th2, Th17, and Treg cells were 
obtained from the lung tissue. a Transcription factor as T-bet, 
GATA3, RORγT, and FoxP3 expressed in lung tissue from the 
CFA-sensitized (NC) group, the OVA/CFA-sensitized/challenged 
mice (PC) or the FIP-fve-treated groups which were sensitized 

with OVA/CFA. b Transcription factor as T-bet, GATA3, RORγT, 
and FoxP3 expressed in lung tissue from the FIP-fve-treated origi-
nal BALB/c mice. The statistical analysis comparing the PC group 
is represented as: *p < 0.05; **p < 0.01; and ***p < 0.001. The num-
bers of animals were NC (5), PC (8), pre (8), post (8), and FIP-
only (8).NC, negative control; PC, positive control; OVA, ovalbu-
min; CFA, complete Freund’s adjuvant; FIP, fungal immunomod-
ulatory peptide.
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Initially, mouse protocols rely on being sensitized 
against S. rectivergula with CFA as the immunogenic co-
factor, leading to a hypersensitivity pneumonitis (HP) 
[20]. HP is an allergic airway disease, which shows neu-
trophilic, Th1-driven pulmonary inflammation. Both al-
lergic diseases differ in the nature of their causative agents, 
while large proteins exert enzymatic activity in asthma, 
small proteins of microbial origin are present in HP. Fur-
ther, Bogaert et al. [5] revealed that systemic sensitization 
to OVA with CFA induced Th1-driven responses with 
neutrophilic airway inflammation [21]. The same for 
alum, in which CFA emulsified antigens with mineral oil 
slow antigen release. Muramyl dipeptide is the minimal 
mycobacterial cell wall component required for adjuvant 
activity of CFA [22]. With the same allergen as OVA, 
OVA/CFA established a neutrophilic asthma animal 
model while OVA/alum made an eosinophilic asthma an-
imal model. In the OVA/CFA asthma animal model, we 

found airway resistance rising with the increased concen-
tration of methacoline, preference neutrophils, and in-
creased IgE and IgG1.

Our study showed increased IL-6, IL-8, and IL-17, es-
pecially in the neutrophilic asthma animal model, and de-
creased after prescribing FIP-fve. A previous study 
showed sputum IL-17A and IL-8 were significantly ele-
vated and correlated with sputum neutrophil counts in 
asthma patients compared to healthy controls [23]. T 
lymphocytes, epithelial cells, smooth muscle cells, and 
macrophages in the airways of asthmatics secrete IL-8, 
which is related to neutrophilia [24]. IL-17A might re-
cruit neutrophils and stimulate neutrophil maturation, 
migration, and function [25]. In addition to induction of 
IL-8 by epithelial cells, IL-17A signaling also induces 
CXCL8/IL8, IL-6, and IL-19 proteins. Primary bronchial 
fibroblasts and human smooth muscle cells producing 
IL-6, IL-8, and IL-11 is another response to IL-17A sig-
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Fig. 7. The effect of FIP-fve on lung inflammation in OVA/CFA-
sensitized mice. The samples of lung tissue were obtained on day 
28 to determine airway inflammation. Figure 4NC group (a), PC 
group (b), the OVA/CFA-sensitized/challenged mice and pre- (c) 
and post- (d) FIP-fve-treated groups were sensitized with OVA/
CFA. All the lung tissues were stained with H&E. We used Image-

plus pro software for the analysis (e). The statistical analysis com-
paring the PC group is represented as: **p < 0.01, and ***p < 0.001. 
The numbers of animals were NC (5), PC (8), pre (8), and post (8). 
NC, negative control; PC, positive control; OVA, ovalbumin; CFA, 
complete Freund’s adjuvant; FIP, fungal immunomodulatory pep-
tide; H&E, hematoxylin and eosin.

Co
lo

r v
er

sio
n 

av
ai

la
bl

e 
on

lin
e

D
ow

nl
oa

de
d 

by
: C

. A
le

ss
an

dr
i -

 8
72

18
84

.2
20

.1
41

.1
97

 -
 1

0/
23

/2
02

1 
10

:2
3:

00
 A

M



Pan/Ko/Wu/Sun/Quek/Ku/LueInt Arch Allergy Immunol10
DOI: 10.1159/000517184

naling [26]. However, not all data have shown a link be-
tween IL-17 and neutrophilia. Doe et al. [27] revealed IL-
17 in bronchial biopsies from severe asthmatic patients 
but no correlation with airway neutrophilia. Besides, spu-
tum IL-17A mRNA expression is associated with sputum 
IL-5 mRNA expression in severe asthmatics, which ex-
plains why neutrophilia and eosinophilia both increase in 
some severe patients [28]. Targeting the IL-17a-neutro-
phil axis is achieved with clinical trials evaluating com-
pounds, such as anti-IL17RA, anti-TNF mAb, CXCR2 
antagonist, and macrolides [29]. A previous study sug-
gests that macrolides play an anti-inflammatory role by 
suppressing CXCL-8 release [30]. Gibson et al. [31] found 
that azithromycin reduced the rate of exacerbations expe-
rienced by those with persistent uncontrolled asthma.

Tregs are important in controlling asthma, and the cy-
tokines most implicated in Treg-mediated suppression of 
allergic asthma are TGF-β and IL-10 [32]. Previous studies 
have also revealed that many kinds of structural immune 
cells, such as fibroblasts, endothelial cells and vascular 
smooth muscle cells, and inflammatory cells are recruited 
to the airways and express TGF-β [33, 34]. Dehzad et al. 
[35] revealed that Treg less effectively suppresses Th2-in-
duced airway inflammation compared with Th1, which is 
mostly related to neutrophilic asthma. In our study, we 
found the levels of IL-10 and TGF-β were higher in the 
OVA/CFA group than in the OVA/alum group. Besides, 
we also found FIP-fve mildly increased IL-10 and de-
creased TGF-β. In a previous study, FIP-fve reduced the 
OVA-mediated IL-10 and TGF-β expression in the OVA/
alum asthma animal models, which might be due to de-
creased dendritic cell activation [36]. However, in Der f 2 
allergic individuals, IL-10+ and TGF+ cells could be up-
regulated by Der f 2 in conjunction with FIP-fve [37].

Mice immunized via the peritoneal route with OVA/
alum promoted OVA-specific Th2 cells producing IL-4, 
IL-5, and IL-13 and production of antigen-specific IgE 
and IgG1. With natural allergens, such as a house dust 
mite inhalation animal model, we found both adaptive 
immunity and the innate immune cell influx in the air-
ways. Type 2 cytokines could be produced by ILC2s [38]. 
ILC2s produce IL-5, IL-9, and IL-13 to control eosino-
phils, goblet cell metaplasia, and bronchial hyper-respon-
siveness [39]. In immunocompetent organisms, Th2 cells 
and ILC2s work complementarily. ILC2s work more in 
lung repair [40]. It is probably an oversimplification to 
view eosinophilic asthma as an exclusive Th2 disorder 
and neutrophilic asthma as an exclusive Th17 disorder. A 
considerable overlap in the types of cytokines found in an 
asthma endotype is found in many cases [22]. Our study 

revealed increased IL-4, IL-5, IL-6, IL-8, IL-13, and IL-17 
in the OVA/CFA neutrophilic asthma animal model, 
which has an overlap in types of cytokines.

There are some medicine-targeted Th2 associated cy-
tokines, such as mepolizumab, benralizumab, and resli-
zumab associated with IL-5, dupilumab associated with 
IL-4 and IL-13, and lebrikzumab and tralokinumab as-
sociated with IL-13. However, the clinical benefits do not 
persist when the treatment is discontinued, which re-
quires longer term treatment for patients. Type-2 immu-
nity is important in anti-helminth defense, tissue repair, 
metabolism, and cancer, and concerns about increased 
morbidity from infections and risk of malignancy are not 
totally realized. Therapeutic strategies interfering with 
airway neutrophilia, might cause neutropenia, which also 
increases severe infections. Therefore, a novel and safe 
drug for steroid-resistant asthma is still being pursued.

FIP-fve, an immunomodulatory protein, is extracted 
from mushrooms, a common food in our daily life. Previ-
ous studies have revealed FIP-fve treatment improves air-
way inflammation in the acute [10] and chronic stages 
[11] of OVA/alum asthma animal models. FIP-fve de-
creases Th2 and Treg-associated cytokines, IL-17, and 
MMP9. Moreover, FIP-fve decreases eosinophils and 
neutrophils in the acute and chronic stages of the OVA/
alum asthma animal model. In our OVA/CFA neutro-
phil-dominant asthma animal model, FIP-fve improved 
AHR, decreased IL-4, IL-5, IL-6, IL-8, IL-13, IL-17, IL-25, 
IL-33, and TGF-β, and increased IL-12, IFN-γ in the 
BALF. The high level of neutrophils in the lung also de-
creased after prescribing FIP-fve. In the neutrophilic 
asthma animal model, FIP-fve not only improved the 
neutrophil-dominant inflammation but also preserved 
the epithelial function with decreased cytokines IL-8, IL-
25, and IL-33.

Conclusion

Based on our results, FIP-fve improved several clinical 
features of neutrophilic asthma, which demonstrates that 
FIP-fve should be considered as a novel supplementary 
drug for asthma or allergies.

Statement of Ethics

All animal care and housing requirements and all procedures 
were performed in accordance with the Chung Shan Medical Uni-
versity Institutional Animal Care and Use Committee (Animal Ex-
periment Approval code: 1767).
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