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Abstract

Background: The role of anti-elastin antibody (Ab) in the lung is unclear, although they may be involved in chronic 
obstructive pulmonary disease (COPD). Recently, increased anti-elastin Ab levels were reported in asthma. 

Objective: To elucidate the role of anti-elastin Ab in asthma, we created a murine asthma model. Anti-elastin Ab in the 
airway was neutralized by intratracheal administration of elastin peptide, and the inhibitory effects of anti-elastin Ab on 
airway remodeling were evaluated.

Methods: BALB/c mice were immunized with ovalbumin (OVA) on days 0 and 14. After immunization, the mice  
received booster OVA via inhalation twice per week for 9 weeks, and bronchoalveolar lavage fluid (BALF) and lung 
tissues were evaluated.

Results: In lung tissues, airway remodeling occurred after 9 weeks of OVA sensitization. Peak levels of anti-elastin 
Ab and eosinophils in BALF were detected after 3 weeks of OVA sensitization. Anti-elastin Ab and eosinophil levels 
in BALF were significantly reduced after 3 weeks by the neutralization of anti-elastin Ab. Peak transforming growth  
factor-β1 levels in BALF were detected at 3 weeks after OVA sensitization and were significantly reduced by the  
neutralization of anti-elastin Ab. Airway remodeling in lung tissues was also significantly inhibited by the neutralization 
of anti-elastin Ab.

Conclusion: In our murine asthma model, anti-elastin Ab was recruited to the airway by OVA-induced allergic  
inflammation. Airway remodeling was inhibited by the neutralization of anti-elastin Ab. Anti-elastin Ab may contribute 
to the progression of airway remodeling.
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Introduction
The role of anti-elastin antibody (Ab) in respiratory  

diseases has been discussed mainly in chronic obstructive  
pulmonary disease (COPD). High levels of anti-elastin Ab, 
as an autoantibody, have been detected in the plasma of  
patients with severe emphysema,1-3 and anti-elastin IgM 
was increased by smoking in a mouse model of COPD.4  
However, in another study, it was reported that anti-elastin 
Ab was decreased by smoking and not increased in patients 
with COPD, and smoke exposure in human participants  
suppressed the production of anti-elastin Ab.5 Therefore,  
the relationship between anti-elastin Ab and COPD  
remains unclear. Meanwhile, a few studies have reported  
a relationship between asthma and anti-elastin Ab. To find  
useful biomarkers for the diagnosis of either asthma or 
COPD, we evaluated anti-elastin Ab in the sputum of patients  
with asthma and COPD. In our study, anti-elastin Ab in  
sputum was elevated in patients with asthma but not COPD.6
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Methods
Animals

Female BALB/c mice (Japan SLC, Inc., Shizuoka, Japan) 
were used at 8 weeks of age. 

Antibodies and reagents
The following drugs and chemicals were purchased:  

ovalbumin (OVA; Fujifilm Wako Pure Chemical Co., Ltd., 
Osaka, Japan), aluminum hydroxide (Thermo Fisher Scientific,  
Waltham, MA), saline solution (Otsuka Pharmaceutical,  
Tokyo, Japan), mouse lung elastin peptide (Elastin Products 
Company, Inc., Owensville, MO), rabbit anti-mouse elastin 
polyclonal Ab (ab217356; Abcam, Cambridge, UK), soluble 
bovine elastin (Elastin Products Company), mouse anti-mouse 
elastin monoclonal Ab (SC-58756; Santa Cruz Biotechnology, 
Dallas, TX), goat anti-mouse IgG F(ab’)2 Ab-horseradish 

However, we could not determine why anti-elastin Ab was  
elevated in the sputum of patients with asthma, and research 
on the relationship between asthma and anti-elastin Ab is 
scarce.

We hypothesized two possible mechanisms for the  
elevation of anti-elastin Ab in asthma. First, anti-elastin Ab 
may inhibit airway remodeling. Elastin is a collagen fiber  
that contributes to airway remodeling. Elastin may be reduced 
by anti-elastin Ab, thereby inhibiting airway remodeling.  
In the second theory, anti-elastin Ab may be a factor in the 
progression of airway remodeling. In addition to eosinophilic 
airway inflammation, additional airway inflammation may be 
caused by antigen–antibody reactions, and airway remodeling 
may progress. 

To elucidate the role of anti-elastin Ab in asthma,  
we created a mouse model of asthma and evaluated 
the production of anti-elastin Ab. Then, we neutralized  
anti-elastin Ab in the airway by intratracheal administration 
of elastin peptide, evaluated the inhibitory effects on airway 
remodeling, and speculated about the role of anti-elastin Ab 
based on those results.

peroxidase (SAB3701015; Sigma-Aldrich, St. Louis, MO), 
mouse anti-α-smooth muscle actin monoclonal Ab (ab1814: 
Abcam), Protein Block Serum-Free (Agilent Technologies, 
Inc., Santa Clara, CA), mouse transforming growth factor 
(TGF)-β1 enzyme-linked immunosorbent assay (ELISA)  
kit (KE10005; Proteintech Group Inc., Rosemont, IL),  
o-phenylenediammonium dichloride (Fujifilm Wako Pure 
Chemical Co., Ltd.), May-Grunwald’s stain solution (Muto 
Pure Chemicals Co., Ltd., Tokyo, Japan), microscopy  
Giemsa’s-azur-eosin methylene blue solution (Merck KGaA, 
Darmstadt, Germany), Histofine® Simple Stain Mouse and 
Histofine® MOUSESTAIN Kit (Nichirei Biosciences, Inc.,  
Tokyo, Japan), Schiff ’s reagent for microscopy (109033; Merck 
KGaA), DAB+ substrate buffer (Agilent Technologies, Inc.), 
and DAB+Chromogen (Agilent Technologies, Inc.).

Study design
Mouse models of asthma were established from  

OVA-sensitized mice according to previously reported  
methods with some modifications.7-11 Briefly, BALB/c mice 
were injected intraperitoneally with 50 μg OVA in 4 mg  
aluminum hydroxide on days 0 and 14 (Figure 1A). 
To establish an allergic inflammation model of asthma,  
sensitivity was boosted by 20-min inhalation of 1 mg/mL 
OVA twice per week from day 21 until day 76 (asthma group). 
A normal control (NC) group received saline instead of OVA. 
For inhalation, the mice were placed in sealed chambers and 
drugs were aerosolized using an ultrasonic nebulizer (Omron, 
Kyoto, Japan). The mice were sacrificed, and bronchoalveolar  
lavage fluid (BALF) and lung tissues were collected every 
week from day 28 (1 week after sensitization) until day 84  
(9 weeks after sensitization). To evaluate the effects on  
neutralized anti-elastin Ab, 50 μL mouse elastin peptide 
solution (40 μg/mL diluted in saline) was administered  
intratracheally weekly from day 22 until day 77 using aerosol 
administration equipment (FMJ-250 High Pressure Syringe  
and MicroSprayer® Aerosolizer – Model IA-1C-R; Penn  
Century, Inc., Wyndmoor, PA) (Figure 1B).
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Figure 1. Study protocol.
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Figure 1. (Continued)
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The study was approved by the Animal Care and Use 
Committee of Dokkyo Medical University (No. 1045). 

Preparations for cytological and histological analyses 
For cytological analysis, BALF was prepared by  

centrifugation for 10 min at 400 × g and supernatants were 
frozen at −80°C for the biological assays. A cell pellet was 
added to 1 mL saline solution, and the total number of 
cells in BALF was counted. In addition, a 600-μL cell pellet  
solution was prepared by cytospin for 3 min at 500 rpm, the 
slides were treated with Giemsa staining, and the number of 
eosinophils was counted.

For histological evaluation, the lungs were removed, 
fixed in 10% formalin neutral buffer solution, embedded 
in paraffin, and sliced into 3-μm-thick sections. Elastin  
immunohistochemistry was performed to evaluate the 
expression of elastin in mouse lung tissues. Briefly,  
anti-mouse elastin polyclonal Ab was incubated with mouse 
lung tissues overnight after blocking by Protein Block  
Serum-Free for 30 min. Mouse lung tissues were then 
washed and subjected to Histofine® Simple Stain Mouse. 
To detect the collagen band, the sections were stained 
using the elastic-Masson method. Briefly, the sections 
were washed and stained with resorcin‐fuchsin stain, 

Weigert’s iron hematoxylin stain, and one-step Masson’s triple  
solution, which includes Chromotrope 2R, light green SF, 
and tungstophosphoric acid, in that order. To evaluate  
peribronchial smooth muscle, the sections were incubated  
with primary mouse anti-α-smooth muscle actin Ab and 
then stained with a Histofine® MOUSESTAIN Kit. To detect  
goblet cells, periodic acid-Schiff staining was performed  
using cold Schiff reagent after pretreatment with 1% periodic 
acid solution. Finally, the sections were stained with Mayer’s  
hematoxylin.

Measurement of anti-elastin Ab, TGF-β1, and eosinophils in 
BALF

The anti-mouse elastin Ab quantification assay was  
performed using a modified ELISA protocol.3 Briefly, mouse 
lung elastin peptide was used to coat ELISA plates. After  
incubation and washing, BALF samples were diluted and 
incubated. After further washing, anti-mouse IgG F(ab’)2 
Ab-horseradish peroxidase was added and incubated. The 
plates were washed again, o-phenylenediamine dichloride 
was added, and the optical density of the individual wells was  
determined. Mouse anti-mouse elastin monoclonal Ab was 
used to generate the standard curve. The TGF-β1 quantification  
assay was performed using a mouse TGF-β1 ELISA Kit. 
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Figure 2. Locations of elastin in lung tissue. Elastin was more strongly expressed under the basement membrane around the 
airway after 9 weeks of OVA sensitization (B) compared with no OVA sensitization (A).

Figure 3. Relationships between OVA sensitization and the levels of anti-elastin Ab or eosinophils in BALF. (A) Anti-elastin 
Ab levels were significantly increased at 3 weeks after OVA sensitization (vs. weeks 1 and 2, P < 0.01; vs. weeks 4, 5, and 6, 
P < 0.05). (B) Eosinophils peaked at 3 weeks after OVA sensitization and were significantly increased at week 3 after OVA 
sensitization compared with all other OVA sensitization time points (P < 0.01). The number of mice at each time point was 
4 for the OVA group and 2 for the NC group. *  < 0.05 vs. week 3, **P < 0.01 vs. week 3, ††P < 0.01 vs. the OVA group at the 
corresponding time points.
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Imaging and statistical analyses
To measure the area for histological evaluation, ImageJ® 

version 1.53e (National Institutes of Health, Bethesda, MD) 
was used. Briefly, the target color was replaced with red by 
ImageJ®. After we determined that it was correctly replaced, 
the area replaced with red was measured automatically by  
ImageJ®. The whole field was set as 100%, and the percentage  
of the red area was determined. All statistical analysis was 
performed using Microsoft® Excel® 2016 MSO (Microsoft 
Corp., Redmond, WA) and JMP® Pro version 11.0.0 (SAS 
Institute, Cary, NC) statistical software. The obtained results 
were examined by Student’s t-test. A P value of < 0.05 was 
considered statistically significant. The results are expressed as 
the mean ± standard deviation.

Results
Location of elastin in the mouse model of asthma

Elastin was significantly increased under the basement 
membrane in the airway at 9 weeks after OVA sensitization 
(7.13 ± 3.51% per field) compared with no OVA sensitization  
(2.20 ± 0.35% per field) (n = 3, P < 0.01) (Figure 2).  
Moreover, airway remodeling was present at 9 weeks after 
OVA sensitization.

Levels of anti-elastin Ab after OVA sensitization
The levels of anti-elastin Ab in BALF are shown in 

Figure 3A. The peak level was at 3 weeks after OVA  
sensitization (week 1, 165.1 ± 2.9 ng/mL; week 2, 262.5 ± 58.9 
ng/mL; week 3, 714.4 ± 244.2 ng/mL; week 4, 380.8 ± 60.8  
ng/mL; week 5, 281.8 ± 95.8 ng/mL; week 6, 341.5 ± 35.1 ng/mL; 
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and week 9, 446.8 ± 79.6 ng/mL). Significant differences were 
observed at weeks 1, 2, 4, 5, and 6 compared with 3 weeks  
after OVA sensitization. The levels of anti-elastin Ab in the 
NC group were significantly lower than those of the OVA 
group at the corresponding time points (week 1, 0.0 ± 0  
ng/mL; week 3, 0.0 ± 0.0 ng/mL; week 5, 0.0 ± 0.0 ng/mL;  
and week 9, 42.4 ± 7.5 ng/mL). 

The peak level of eosinophils in BALF is shown in 
Figure 3B. The peak level was detected at 3 weeks after 
OVA sensitization, as was that of anti-elastin Ab (week 1,  
3.8 ± 1.8 × 104 cells/mouse; week 2, 17.7 ± 6.3 × 104 cells/mouse;  
week 3, 58.9 ± 19.7 × 104 cells/mouse; week 4, 3.0 ± 0.7 × 104  
cells/mouse; week 5, 5.3 ± 1.0 × 104 cells/mouse; week 6,  
3.7 ± 1.6 × 104 cells/mouse; and week 9, 3.6 ± 1.7 × 104  
cells/mouse). Significant differences were observed between 
week 3 and weeks 1, 2, 4, 5, 6, and 9 after OVA sensitization.  
The levels of eosinophils were significantly lower in the 
NC group than in the OVA group in the corresponding 
time points (week 1, 0.0 ± 0.0 × 104 cells/mouse; week 3,  
0.0 ± 0.0 × 104 cells/mouse; week 5, 0.0 ± 0.0 × 104  
cells/mouse; and week 9, 0.0 ± 0.0 × 104 cells/mouse). 

Inhibitory effects of elastin peptide intratracheal  
administration on anti-elastin Ab and eosinophils

The neutralization effects of elastin peptide intratracheal  
administration on anti-elastin Ab are shown in  
Figure 4. At 3 weeks after OVA sensitization, anti-elastin  
Ab levels were significantly reduced by elastin peptide  
intratracheal administration (Figure 4A) compared with the  
no-elastin-peptide groups. However, there were no significant 

NC OVA without elastin OVA with elastin

Figure 4. Neutralization effects of anti-elastin Ab after intratracheal elastin administration. (A) Anti-elastin Ab levels at 3 
weeks after OVA sensitization were significantly increased (P < 0.01) and were significantly reduced by the neutralization 
of anti-elastin Ab following elastin intratracheal administration (P < 0.01); however, there were no significant differences 
between the groups at week 9. (B) Eosinophils were significantly reduced by the neutralization of anti-elastin Ab following 
elastin intratracheal administration at week 3 after OVA sensitization (P < 0.01). The number of mice was 3 for the NC 
group and 5 for the OVA groups. **P < 0.01 vs. week 3.
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differences at week 9 (week 3: NC 2.3 ± 4.0 ng/mL, without  
elastin peptide 146.3 ± 88.0 ng/mL, with elastin peptide 
35.9 ± 22.2 ng/mL; week 9: NC 0.0 ± 0.0 ng/mL, without  
elastin peptide 70.4 ± 54.7 ng/mL, with elastin peptide  
15.4 ± 14.1 ng/mL). 

Eosinophil levels after the neutralization of anti-elastin  
Ab are shown in Figure 4B. Eosinophil levels in BALF 
were significantly reduced by elastin peptide intratracheal  
administration at week 3 after OVA sensitization compared 
with the no-elastin-peptide groups (week 3: NC 0.0 ± 0.0 × 104  
cells/mouse, without elastin peptide 19.1 ± 1.5 × 104  
cells/mouse, with elastin peptide 10.1 ± 3.0 × 104 cells/mouse; 
week 9: NC 0.0 ± 0.0 × 104 cells/mouse, without elastin  
peptide 2.4 ± 1.2 × 104 cells/mouse, with elastin peptide  
0.6 ± 0.4 × 104 cells/mouse). 

Inhibitory effects of neutralizing anti-elastin Ab on TGF-β1 
and airway remodeling 

The levels of TGF-β1 after the neutralization of  
anti-elastin Ab are shown in Figure 5. TGF-β1 levels  
in BALF were significantly reduced by elastin peptide  
intratracheal administration at 3 weeks after OVA  
sensitization, but there were no significant differences at  
week 9 (week 3: NC 4.8 ± 8.4 pg/mL, without elastin peptide 
193.6 ± 54.7 pg/mL, with elastin peptide 123.6 ± 33.6 pg/mL;  
week 9: NC 32.8 ± 12.6 pg/mL, without elastin peptide  
60.1 ± 51.2 pg/mL, with elastin peptide 70.5 ± 14.8 pg/mL). 
TGF-β1 levels were significantly increased at week 3 and 
significantly decreased at week 9 in the OVA sensitization 
groups.
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Figure 6. Inhibitory effects on airway remodeling via the neutralization of anti-elastin Ab following elastin intratracheal  
administration. Elastin expression at 9 weeks of OVA sensitization was significantly inhibited by neutralization (A)  
compared with non-neutralization (B). In the evaluation of fibrosis by elastic-Masson staining, fibrosis under the airway 
basement membrane at 9 weeks of OVA sensitization was significantly inhibited by neutralization (C) compared with 
non-neutralization (D). Peribronchial smooth muscle after 9 weeks of OVA sensitization was significantly inhibited by  
neutralization (E) compared with non-neutralization (F). In periodic acid-Schiff staining, mucosal goblet cells after 9 weeks 
of OVA sensitization were significantly inhibited by neutralization (G) compared with non-neutralization (H). 

Figure 5. Inhibitory effects on TGF-β1 production by the neutralization of anti-elastin Ab following elastin intratracheal  
administration. TGF-β1 levels in BALF at 3 weeks after OVA sensitization were significantly increased (P < 0.01) and were 
significantly reduced by the neutralization of anti-elastin Ab following elastin intratracheal administration (P < 0.01);  
however, there were no significant differences between the groups at week 9. TGF-β1 levels in BALF at 9 weeks after OVA 
sensitization were significantly decreased in both groups without and with elastin (P < 0.01 and P < 0.05, respectively)  
compared with at 3 weeks. The number of mice at each time point was 4. *P < 0.05, **P < 0.01.
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Figure 6. (Continued) 
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Elastin and fibrosis levels in lung tissues at 9 weeks  
after OVA sensitization are shown in Figure 6. Elastin  
expression was significantly inhibited by the neutralization of  
anti-elastin Ab following elastin intratracheal administration  
(2.52 ± 0.99% per field) compared with non-neutralization 
of anti-elastin Ab (7.13 ± 3.51% per field) (n = 3, P < 0.01).  
Fibrosis under the airway basement membrane after 9 
weeks of OVA sensitization was significantly inhibited 
by the neutralization of anti-elastin Ab following elastin  
intratracheal administration (6.58 ± 5.69% per field)  
compared with non-neutralization of anti-elastin Ab  
(14.29 ± 31.10% per field) (n = 3, P < 0.05). Peribronchial  
smooth muscle after 9 weeks of OVA sensitization was  
significantly inhibited by the neutralization of anti-elastin Ab 
(1.11 ± 0.01% per field) compared with non-neutralization 
of anti-elastin Ab (2.22 ± 0.47% per field) (n = 3 P < 0.05). 
In periodic acid-Schiff staining, mucosal goblet cells after  
9 weeks of OVA sensitization were significantly inhibited 
by the neutralization of anti-elastin Ab (0.40 ± 0.09% per 
field) compared with non-neutralization of anti-elastin Ab  
(2.99 ± 1.8% per field) (n = 3, P < 0.05). 

Discussion
We defined the mouse model utilized in this study as 

an asthma model given that it has been used to observe  
airway hyperresponsiveness and acute exacerbation by OVA 
challenge in previous studies.9-11 In this model, anti-elastin  
Ab was recruited into the lungs through OVA sensitization,  
the same as eosinophils. Eosinophils, TGF-β1 levels, and 
airway remodeling were reduced by the neutralization of 
anti-elastin Ab. These results suggest that anti-elastin Ab 
may contribute to both eosinophilic inflammation and the  
progression of airway remodeling. 

In other organs, elastin in serum has been found to be  
increased in patients with arteriosclerosis,12,13 and anti-elastin  
Ab has been shown to be increased in patients with  
symptomatic carotid stenosis.14 However, in other reports, 
anti-elastin Ab has been found to be lower in patients with 
arteriosclerosis and coronary artery disease.15,16 Moreover,  
anti-elastin Ab levels were found to be significantly  
higher in horses with moderate and severe arteriosclerosis  
compared with healthy horses.17 Thus, the role of anti-elastin 
Ab in arteriosclerosis, coronary artery disease, and COPD  
remains unclear. 

In our previous study, anti-elastin Ab in sputum was  
elevated in patients with asthma.6 Elastin was expressed  
under the basement membrane around the bronchi, leading 
to airway remodeling. Patients with asthma showed stronger  
elastin expression compared with COPD patients or healthy 
participants. Although anti-elastin Ab in the lung will target  
elastin under the basement membrane around bronchi, 
it is not known if anti-elastin Ab is recruited in patients  
with asthma, and we could not find any reports of a  
relationship between anti-elastin Ab and asthma. As two 
contrary possibilities, anti-elastin Ab may be recruited  
to reduce elastin levels under the basement membrane 

around the bronchi to inhibit airway remodeling, or they 
may promote airway remodeling through a cascade of  
antigen-antibody reactions. Thus, we performed this study to 
clarify these hypotheses. 

The peak level of anti-elastin Ab in the lung was  
detected at 3 weeks after sensitization, similar to the level  
of eosinophils, indicating that anti-elastin Ab in the lung 
was recruited in the early phase of allergic inflammation.  
Eosinophil infiltration and TGF-β1 expression in the airway 
were inhibited by the neutralization of anti-elastin Ab in the 
early phase, leading to the inhibition of airway remodeling.  
In the relationship between eosinophils and TGF-β1, the  
expression of TGF-β in the lung was reduced by inhibiting  
eosinophils,18 and the number of eosinophils in BALF 
was reduced by anti-TGF-β Ab in a mouse model of  
asthma,19 indicating that TGF-β is involved in eosinophilic  
inflammation. Those reports suggest that eosinophilic  
inflammation may contribute to airway remodeling via 
TGF-β. However, it is possible that the progression of airway 
remodeling was inhibited by anti-elastin Ab directly, not via 
eosinophils or TGF-β1. Further research is needed to clarify 
these pathways. 

We expected that anti-elastin Ab would be elevated in 
late-phase airway remodeling because elastin is a collagen 
fiber and because anti-elastin Ab may contribute to fibrosis. 
According to these results, anti-elastin Ab contributed to the 
production of airway remodeling, but not to the inhibition 
of airway remodeling. These results indicate that an elastin  
and anti-elastin Ab reaction recruits fibrotic cytokines such 
as TGF-β and causes inflammation under the basement  
membrane around the bronchi. Consequently, fibrosis occurs  
under the basement membrane around the bronchi, leading  
to airway remodeling. In our mouse model of asthma, 
the peak level of anti-elastin Ab was detected at 3 weeks  
after OVA sensitization, and elastin under the basement  
membrane around bronchi was increased until 9 weeks.  
In this model, the airway inflammation that is induced 
by 2 or 3 weeks of OVA sensitization can subsequently be  
reduced by desensitization.9-11 Although airway inflammation  
was reduced after 3 weeks, the results suggested that  
fibrosis continued as a wound healing response after severe 
inflammation and this led to airway remodeling. These results 
show that fibrosis under the basement membrane around the 
bronchi occurs in the early stage of allergic inflammation.  
We think that the inhibition of anti-elastin Ab in the early 
stage of asthma may be a useful treatment. 

The increased proliferation of elastic fibers in the airway 
contributes to hyperresponsiveness and residual obstruction  
in the asthmatic airway.20,21 The exacerbation of asthma may 
contribute to the production of elastin because hypoxia  
increases elastin secretion from arterial smooth muscle cells.22 
Thus, increased elastin levels may contribute to anti-elastin Ab 
production and promote airway remodeling. To inhibit airway 
remodeling, it is important to control asthma according to the 
Global Initiative for Asthma guidelines23 and to inhibit the  
increase of elastin under the basement membrane around the 
bronchi.
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Conclusion
Anti-elastin Ab was recruited into the lungs by OVA 

sensitization in a mouse model of asthma. TGF-β1 and  
eosinophils in BALF were reduced and airway remodeling  
was repressed via the inhibition of anti-elastin Ab. The  
results suggest that anti-elastin Ab might be involved in  
airway remodeling and that inhibition of anti-elastin Ab may 
be a useful treatment for asthma.
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