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Anti-thymic stromal lymphopoietin antibody suppresses

airway remodeling in asthma through reduction
of MMP and CTGF

Sheng-Chieh Lin'*3, Hsiu-Chu Chou*, Chung-Ming Chen?> and Bor-Luen Chiang?

BACKGROUND: Thymic stromal lymphopoietin (TSLP) mediates immune reaction in patients with asthma. Matrix metalloproteinase
(MMP), connective tissue growth factor (CTGF), and transforming growth factor-B (TGF-f) are inflammatory mediators whose
responses to the anti-TSLP antibody are unknown. This study examined the effect of an anti-TSLP antibody on MMP, CTGF, TGF-(3,
and airway structural changes in airway remodeling in asthma.

METHODS: Mice were randomly divided into phosphate-buffered-saline-challenged (PBS), ovalbumin-challenged (OVA), and
ovalbumin-challenged with anti-TSLP antibody (OVA + anti-TSLP) groups. Airway responsiveness and serum ovalbumin-specific
immunoglobulin E were measured. Differential cell counts and MMP-2 and MMP-9 were evaluated in bronchoalveolar lavage fluid
(BALF). Airway structural changes were quantified using morphometric analysis and presentation by immunohistochemistry
staining. Lung CTGF, TGF-3, and TSLP were analyzed using western blot.

RESULTS: Airway responsiveness was significantly lower in OVA + anti-TSLP and PBS groups than in OVA group. Airway structural
changes exhibited less smooth muscle thickness in OVA + anti-TSLP and PBS groups than in OVA group. MMP-2 and MMP-9 in
BALF and CTGF, TGF-B, and TSLP in lungs significantly decreased in OVA + anti-TSLP and PBS groups compared with OVA group.
CONCLUSION: Anti-TSLP antibody exerts the preventive effect of decreasing airway structural changes through reduction of MMP,

TGF-B, and CTGF in airway remodeling of asthma.

Pediatric Research (2019) 86:181-187; https://doi.org/10.1038/541390-018-0239-x

INTRODUCTION

Asthma is an inflammatory airway disease characterized by
wheezing breathing sounds, airflow obstruction, and the presence
of variable immune cells. Increased airway smooth muscle mass
since childhood (preschool age) might be a crucial factor in
subsequent asthma development.! Although substantial progress
has been made in understanding asthma, the precise cause
remains unknown. The complex interrelationships between
genetic, environmental, pharmacologic, and immunologic factors
in asthma require further investigation.? In asthma, many immune
cells, including dendritic cells, T cells, B cells, eosinophils,
basophils, and mast cells, infiltrate the bronchial submucosa and
cause a series of immune reactions.> The inflammatory cells in the
airway exhibit altered repair responses, including the secretion of
cytokine and growth factors that induce airway structural changes
termed airway remodeling.*> Airway structural changes include an
elevated number of inflammatory cells, goblet cell metaplasia,
hypertrophy of submucosal glands, hyperplasia of airway smooth
muscle, deposition of collagen and fibronectin in the subepithelial
basement membrane, and abnormal extracellular matrix deposi-
tion.*® Matrix metalloproteinases (MMPs) belong to a family of
extracellular proteases that are responsible for the degradation of
the extracellular matrix during tissue remodeling.” Expression and

activity of MMPs are regulated through tissue inhibitors of
metalloproteinases (TIMPs) and CD147.8 CD147 is expressed on
the surface of various cells, including epithelial, endothelial,
immune, hematopoietic, and smooth muscle cells, and induces
MMP production.” MMP-2 and MMP-9 affect the extracellular
matrices of gelatins, collagens, and elastin, and also interact with
the transforming growth factor-p (TGF-B).” Expression of MMP-2
and MMP-9 in bronchoalveolar lavage fluid (BALF) is high during
chronic airway inflammation.'® Connective tissue growth factor
(CTGF), which is classified in the CTGF/Cyr61/Nov family, is another
TGF-B target gene.'" Some of the molecules that interact with
CTGF are growth factors, cytokines, receptors, and matrix
proteins.'> CTGF has been described as a downstream of the
profibrotic TGF-B effect that enables cell adhesion, migration,
hypertrophy, proliferation, and extracellular matrix synthesis.'"""
Expressions of MMP and CTGF are upregulated in airway
remodeling and play a crucial role in asthma pathogenesis.'*
Several studies have focused on thymic stromal lymphopoietin
(TSLP)—an epithelial-derived cytokine that was first identified in a
culture supernatant of murine thymic stromal cells."® TSLP induces
an immune response toward a Th2 phenotype and may
orchestrate tissue inflammation through Th1 and Th17 cyto-
kines.'®'” TSLP-influenced pulmonary Treg increases protein
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expression in airway BALFs and provides tolerogenic immunity to
patients with asthma.'® Environmental stimuli, allergen, and
viruses may stimulate bronchial epithelium in asthma to increase
TSLP.'® TSLP expression in asthma was upregulated through the
bronchial epithelium and airway smooth muscle.?® Expressions of
TSLP and TARC/CCL17 were correlated with airway obstruction in
asthma.?' TSLP and TSLP receptor (TSLPR) heterocomplex expres-
sion regulate innate—adaptive immunity in pediatric asthma.?? In
addition, TSLP-transgenic mice developed spontaneous inflam-
mation with infiltration of goblet cell hyperplasia, leukocytes, and
subepithelial fibrosis in the lung.?®> TSLP seems to play a key role in
inflammation in asthma pathogenesis? The present study
examined the effect of said anti-TSLP antibody on airway
structural changes in airway remodeling, and determined the
influence of an anti-TSLP antibody on MMP, TGF-$3, and CTGF, all
of which are involved in the airway remodeling of asthma.

METHODS

Murine model of asthma

The Institutional Animal Care and Use Committee of Taipei
Medical University approved the protocol of the present study.
Eight-week-old female BALB/c mice fed in a pathogen-free facility
were purchased from BioLASCO Taiwan Co. Ltd. These mice
received standard animal care under the supervision of Institu-
tional Animal Care and Use Committee of Taipei Medical
University. They were kept in a facility maintained at approxi-
mately 25°C and provided with pelleted food and water ad
libitum throughout the experiment. Seventeen mice were
randomly divided into a phosphate-buffered-saline-challenged
(PBS) group (negative control group, n = 6), ovalbumin-challenged
(OVA) group (positive control group, n=6), and ovalbumin-
challenged with anti-TSLP (OVA + anti-TSLP) group (therapeutic
group, n=>5).

The mice in the PBS group were given an intraperitoneal
injection of 2mg of aluminum hydroxide (Imject Alum; Pierce,
Rockford, IL) in 0.2 mL of phosphate-buffered saline on day 1 and
an intraperitoneal injection with 4 mg of aluminum hydroxide in
0.2 mL of phosphate-buffered saline on days 15, 22, and 29. These
mice were then intranasally challenged with 50 pL of aerosolized
phosphate-buffered saline solution on days 36, 37, 38, 39, 40, 41,
42, and 43. The mice in the OVA group were sensitized using an
intraperitoneal injection of 20ug of Grade V chicken egg
ovalbumin (Sigma Chemical Co. St. Louis, MO) and 2mg of
aluminum hydroxide in 0.2 mL of phosphate-buffered saline on
day 1, and an intraperitoneal injection of 50 pug of Grade V chicken
egg ovalbumin and 4 mg of aluminum hydroxide in 0.2 mL of
phosphate-buffered saline on days 15, 22, and 29. These mice
were intraperitoneally injected with 20 ug of isotype control IgG2
antibody (MAB006; R&D systems) in 0.2 mL of phosphate-buffered

(A) PBS group
(B) OVA group

(C) OVA+anti-TSLP group

saline 60 minutes before Grade V chicken egg ovalbumin
sensitization, and then intranasally challenged with 100 ug of
Grade V chicken egg ovalbumin in a total volume of 40 uL of
phosphate-buffered saline on days 36, 37, 38, 39, 40, 41, 42, and
43. Sixty minutes before being intranasally challenged with Grade
V chicken egg ovalbumin, these mice were anesthetized using 2%
isoflurane inhalant (Halocarbon Laboratories, River Edge, NJ), and
then 20ug of isotype control 1gG2 antibody (MAB006; R&D
systems) in 40 yL of phosphate-buffered saline was intranasally
delivered dropwise into the nares by using a Pipetman pipette
(model P200, Gilson) while the mouse was held in an erect
position. The mice in the OVA + anti-TSLP group were sensitized
using an intraperitoneal injection of 20 pug of Grade V chicken egg
ovalbumin and 2mg of aluminum hydroxide in 0.2mL of
phosphate-buffered saline on day 1; they were subsequently
sensitized using an intraperitoneal injection of 50 ug of Grade V
chicken egg ovalbumin and 4 mg of aluminum hydroxide in 0.2
mL of phosphate-buffered saline on days 15, 22, and 29. These
mice were intraperitoneally injected with 20 pg of anti-TSLP
monoclonal antibody (MAB555; R&D systems) in 0.2mL of
phosphate-buffered saline 60 minutes before Grade V chicken
egg ovalbumin sensitization. They were then intranasally chal-
lenged with 100 pg Grade V chicken egg ovalbumin in 40 pL of
phosphate-buffered saline on days 36, 37, 38, 39, 40, 41, 42, and
43. Sixty minutes before being intranasally challenged with Grade
V chicken egg ovalbumin, these mice were anesthetized using 2%
isoflurane inhalant, and 20 pg of anti-TSLP monoclonal antibody in
40 uL of phosphate-buffered saline was intranasally delivered
dropwise into the nares by using a Pipetman pipette while the
mouse was held in an erect position (Fig. 1).

Measurement of airway responsiveness through plethysmography
Airway responsiveness was measured using barometric whole-
body plethysmography to calculate enhanced pause (Penh: Buxco
Electronics Inc.,, Sharon, CT) on day 44. A technician who was
blinded to the experimental groups and study protocol operated
the plethysmograph. The mice were first exposed to phosphate-
buffered saline inhalation and subsequently given increasing
methacholine doses (Sigma, St Louis, MO) of 6.25, 12.5, 25, and 50
mg/mL. Each nebulization required 3 min, and data were recorded
at 3 min after nebulization. To enable airway Penh to return to its
baseline level, every aerosol was separated with a 15-min recovery
period. The mean of the first 3-min records after exposure to each
methacholine or placebo are included in this report. The Penh
results are expressed as absolute values.

Evaluation of serum ovalbumin-specific IgE

The mice received intraperitoneal injections of pentobarbital (100
mg/kg, Sigma, St Louis, MO) after airway responsiveness
measurement on day 45. After the mice were anaesthetized,
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serum was collected through cardiac puncture and stored at —20°
C for measurement of ovalbumin-specific IgE. Serum ovalbumin-
specific IgE levels were measured using the enzyme-linked
immunosorbent assay (ELISA) method (BioLegend, San Diego, CA).

Evaluation of BALF

Immediately after cardiac puncture, a tracheostomy tube was
inserted through the trachea to the lungs. The tube was instilled
with 1 mL of ice-cold saline, which was washed in and out of the
lungs three times and then collected. This washing procedure was
repeated thrice and then the total volume of the BALF was
recorded. Differential cell counts of BALF with standard morpho-
logic criteria were checked using cytocentrifuge preparations
(Cytospin 3; Shandon Scientific, Cheshire, UK) stained with Liu's
stain (Tonyar, Diagnostic Inc., Taiwan). The levels of MMP-2 and
MMP-9 in the BALF were evaluated using the ELISA method
(Cloud-Clone Corp., Houston) in accordance with the manufac-
turer’s instructions.

Evaluation of morphometric analysis and immunohistochemistry
staining

Airway structural changes were evaluated by a pathologist (Chou
HC) who was blinded to the experimental groups. Lung sections of
7 um were embedded in paraffin and stained with hematoxylin
and eosin. The pathologist analyzed three bronchial segments
measuring 150-350 pm in luminal diameter per mouse to evaluate
the thickness of the epithelium and smooth muscle layers.
Peribronchial inflammation was quantified by counting the
number of inflammatory cells surrounding airways, and the results
were normalized for airway size by dividing them by square of the
perimeter of the basement membrane.' In order to measure the
number of goblet cells, lung sections were stained with periodic
acid schiff (PAS). Immunohistochemistry staining of sm alpha-actin
for smooth muscle (Alpha-SMA) from lung sections were
performed. Immunohistochemistry staining of CTGF, TGF-f from
lung sections were also performed

Evaluation of western blot analysis in lung tissue

To evaluate the expressions of CTGF, TGF-B, and TSLP in lung
tissue in all three groups of mice, western blot analysis was
performed. Lung tissue samples were homogenized in ice-cold
buffer containing 50 mM of Tris—-HCl (pH 7.5), 1 mM of ethylene-
diaminetetraacetic acid, 1 mM of egtazic acid, and a protease
inhibitor cocktail (complete minitablets, Roche, Mannheim,
Germany). Proteins (30 ug) were dissolved in 12% sodium dodecyl
sulfate polyacrylamide gel electrophoresis under reducing condi-
tions and electroblotted to a polyvinylidene difluoride membrane
(ImmobilonP, Millipore, Bedford, MA). After being blocked with 5%
nonfat dry milk, the membranes were incubated with anti-CTGF
(1:2000, Abcam, Cambridge, UK), anti-TGF-f (1:2000, Santa Cruz
biotechnology, Dallas, Texas), anti-TSLP (1:2000, Abcam, Cam-
bridge, UK), or anti-B-actin (1:5000, Santa Cruz biotechnology,
Dallas, Texas) and then incubated with horseradish peroxidase-
conjugated goat antimouse IgG (Pierce Biotechnology, Rockford).
Protein bands were detected using SuperSignal Substrate from
Pierce Biotechnology. Densitometric analysis was performed to
measure the intensity of CTGF, TGF-, TSLP, and B-actin bands by
using AIDA software.

Statistical analysis

The groups were compared using the case-control method and
Student’s t test. We evaluated the levels of IgE, MMP, CTGF, TGF-$3,
and TSLP in the OVA + anti-TSLP and PBS groups for comparison
with the OVA group. Comparisons among the three groups were
made based on a one-way analysis of variance followed by
Bonferroni's analysis. The results are presented as means+
standard deviations (SDs). Differences were considered significant
at P <0.05. All data analyses were performed using STATA 12.
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RESULTS

Airway responsiveness (Penh)

The airway responses in enhanced pause (Penh) in the PBS, OVA,
and OVA + anti-TSLP groups at various methacholine concentra-
tions are shown in Fig. 2. Penh was significantly lower in the PBS
and OVA + anti-TSLP groups than in the OVA group at challenged
methacholine concentrations of 12.5, 25, and 50 mg/mL. Airway
resistance decreased more in the PBS group than in the OVA
group, and also decreased in the OVA + anti-TSLP group.

Serum ovalbumin-specific IgE

Ovalbumin-specific IgE levels in serum were significantly (14.5-
fold) lower in the PBS group than in the OVA group (Fig. 3).
Ovalbumin-specific IgE levels were nonsignificantly (1.3-fold)
lower in the OVA + anti-TSLP group than in the OVA group.

Differential Cell count in BALF

The bronchoalveolar lavage differential cells in the three groups
are described as follows: the PBS group showed 0% eosinophils,
40.00% + 27.22% neutrophils, 60.00% + 40.37% lymphocytes, and
0% macrophages. The OVA group showed 1.82% +1.24%
eosinophils, 93.42% + 3.04% neutrophils, 4.16% + 1.53% lympho-
cytes, and 0.60% + 0.44% macrophages. The anti-TSLP group
showed 0% eosinophils, 71.16% * 40.00% neutrophils, 15.76% +
19.34% lymphocytes, and 13.08% * 20.70% macrophages (Table 1).
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Fig. 2 Enhanced pause (Penh) as a function of methacholine
concentration. Values are given as means+SDs. Black circle,
Phosphate-buffered-saline-challenged mice (PBS group); Black
downward triangle, ovalbumin-challenged mice (OVA group); White
circle, ovalbumin-challenged with anti-TSLP antibody intervention
mice (OVA + anti-TSLP group). Penh was significantly lower in the
OVA + anti-TSLP and PBS groups than in the OVA group at
methacholine concentrations of 12.5, 25, and 50 mg/ml (**P < 0.01,
***P < 0.001 vs. OVA group)
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Fig. 3 Mouse serum levels of ovalbumin-specific IgE. Serum
ovalbumin-specific IgE levels decreased significantly in the PBS
group compared with the OVA group (*P < 0.05 vs. OVA group)
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Table 1. Bronchoalveolar lavage differential cell counts

Group Eosinophils (%) Neutrophils (%) Lymphocytes (%) Macrophages (%)
PBS 0.00 +0.00" 40.00+27.22" 60.00 +40.37" 0.00 +0.00

OVA 1.82+1.24 93.42+3.04 416+ 1.53 0.60 +0.44

OVA + anti-TSLP 0.00 +0.00" 71.16 £40.00 15.76 £ 19.34 13.08 £20.70

*P < 0.05; **P < 0.01 vs. OVA group

Differential cells of BALF in all three groups were counted on cytocentrifuge preparations in accordance with standard morphologic criteria. The results are
expressed as percentages in the total number of cells. Values are given as means + SDs
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Fig.4 Concentrations of a MMP-2 and b MMP-9 in BALF. MMP-2 and
MMP-9 decreased significantly in the OVA + anti-TSLP and PBS
groups compared with the OVA group (*P < 0.05, **P < 0.01, ***P <
0.001 vs. OVA group)

The differential cell count of BALF revealed a significantly
decreased percentage of eosinophils, neutrophils, and lympho-
cytes in the PBS group compared with the OVA group, as well as a
decreased percentage of eosinophils in the OVA + anti-TSLP
group compared with the OVA group.

Concentrations of MMP-2 and MMP-9 in BALF

The MMP-2 concentrations in the PBS (P < 0.001) and OVA + anti-
TSLP (P<0.05) groups were significantly lower than that in the
OVA group (Fig. 4a). Furthermore, the MMP-9 concentrations in
the PBS (P<0.01) and OVA + anti-TSLP (P <0.05) groups were
significantly lower than that in the OVA group (Fig. 4b). Thus,
MMP-2 and MMP-9 concentrations decreased in the ovalbumin-
sensitized mice with anti-TSLP antibody intervention.

Lung histology, immunohistochemistry staining and
morphometric analysis

The lungs of the OVA group exhibited hypertrophy of smooth
muscle, goblet cells and a high number of inflammatory cells
concentrated near the airway and in the perivascular area
(Fig. 5a-c). The thickness of the smooth muscle layer and the
numbers of goblet cells and total inflammatory cells were
significantly lower in the PBS group than in the OVA group

SPRINGERNATURE

(Fig. 5d). Furthermore, the thickness of the smooth muscle layer
significantly decreased in the OVA + anti-TSLP group compared
with the OVA group (Fig. 5d). Thus, the thickness of the smooth
muscle layer decreased in the ovalbumin-sensitized mice with
anti-TSLP antibody intervention. In Fig. 6a, b, the IHC analyses of
CTGF and TGF- in lung were illustrated.

Western blot analysis of CTGF, TGF-B, and TSLP

The western blot analysis was illustrated in Fig. 6¢c. CTGF protein
expression in lung tissue was significantly lower in the PBS and
OVA + anti-TSLP groups than in the OVA group (Fig. 6d). TGF-3
protein expression in lung tissue was significantly lower in the PBS
and OVA + anti-TSLP groups than in the OVA group (Fig. 6d). TSLP
protein expression in lung tissue was lower in the PBS and OVA +
anti-TSLP groups than in the OVA group (Fig. 6d). Thus, the
expressions of CTGF, TGF-f3, and TSLP decreased in the ovalbumin-
sensitized mice with anti-TSLP antibody intervention.

DISCUSSION
TSLP is an epithelial cell-derived cytokine that may be expressed
in the lungs and may regulate signals via a TSLPR complex-a
heterodimer of the interleukin (IL)-7 receptor a chain and TSLPR
chain.?" After stimulation by allergens, viruses, irritants, pollutants,
endotoxins, and CpG DNA, airway epithelial cells may secrete
TSLP.?2 TSLP was overexpressed and inflammation was induced in
the lungs of mice with asthma.?® Humans with asthma also
express substantially increased TSLP in bronchial epithelial cells in
the lungs.?' Furthermore, a higher level of TSLP was noted in
asthmatic children than in healthy children.? Overexpression of
TSLP after exposure to stimuli was found in mouse and human
airway epithelial cells, and these cells interacted with proinflam-
matory mediators, including tumor necrosis factor alpha, IL-1, and
selected toll-like receptor (TLR) agonists (TLR2, TLR8, and TLR9
ligands).>* TSLP can activate dendritic cells, mast cells, natural
killer T cells, and eosinophils and interact with cytokines and
inflammatory mediators to influence the airway smooth muscle of
patients with asthma.?? Studies have reported that epithelial cells,
fibroblasts, airway smooth muscle cells, and mast cells in airways
may overexpress TSLP in asthmatic disease and cause
inflammation.'®%°

We used a murine model to investigate the anti-TSLP antibody
effect on inflammation and smooth muscle in the airway
remodeling of asthma. Lung inflammation with excessive
bronchial smooth muscle remodeling in murine models occurred
with ovalbumin-induced mice.?® To evaluate the ability of a drug
to suppress airway inflammation, airway remodeling, and airway
hyperresponsiveness were applied in a murine model of asthma
induced by administration of ovalbumin.'? Airway hyperrespon-
siveness and airway obstruction are characteristics of asthma. TSLP
expression presented in bronchial epithelial cells was correlated
with forced expiratory volume in 1sec in asthma.?’ Penh differed
significantly among the three groups in the present study; Penh
was significantly lower in the OVA + anti-TSLP and PBS groups
than in the OVA group. The anti-TSLP antibody appears to

Pediatric Research (2019) 86:181-187
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Fig. 5 Representative photomicrographs a HE stain (100 x, black arrow: smooth muscle) b PAS statin (400 x, black arrow: goblet cell), ¢ IHC
staining of alpha-SMA, (400 x, black arrow: alpha-SMA + smooth muscle layer of bronchiole; white arrow: alpha-SMA + smooth muscle layer
of artery) d morphometric analysis of structural changes. Three bronchial segments measuring 150-350 pm in luminal diameter per mouse
were analyzed for thickness of the epithelium and smooth muscle layers and numbers of total inflammatory cells and goblet cells surrounding
the airways. The thickness of the bronchial epithelium and smooth muscle layer and the numbers of total inflammatory cells and goblet cells
decreased significantly in the PBS group compared with the OVA group. The thickness of the bronchial epithelium and smooth muscle layer
decreased significantly in the OVA + anti-TSLP compared with the OVA group (*P < 0.05, **P < 0.01, ***P < 0.001 vs. OVA group)

improve airway hyperresponsiveness in the airway remodeling
model of asthma.

In this study, the OVA group exhibited a significantly higher
serum ovalbumin-specific IgE level compared with the PBS group.
The OVA+ anti-TSLP group exhibited a decreased serum
ovalbumin-specific IgE level, although the difference was non-
significant. These results were consistent with those of Gauvreau
et al, who reported that anti-TSLP antibody had no effect on
levels of serum total IgE in asthma.?®

In our study, the PBS and OVA + anti-TSLP groups had 0%
eosinophils in BALF. The levels of TGF-f3, CTGF, MMP-2, and MMP-9
differed significantly among the three groups. The PBS and OVA
+ anti-TSLP groups had significantly lower levels of TGF-3, CTGF,
MMP-2, and MMP-9 than did the OVA group. Moreover, smooth
muscle thickness in the airway differed significantly among the
three groups. The PBS and OVA + anti-TSLP groups had sig-
nificantly thinner smooth muscle than did the OVA group. TSLP is
an essential and initial factor in airway inflammation in asthma.>
TSLP is associated with bronchial asthma and TSLP genes are
associated with allergic inflammation mechanisms, including
eosinophil levels.'® In another mice study, TSLP exhibited the
function of promoting T-cell and B-cell development and
activation of mast cells and eosinophils.?” Eosinophils produce
proinflammatory cytokines, including IL-5, IL-6, IL-11, and IL-17, all
of which play a role in airway remodeling.?® In inflammatory
airways, eosinophils infiltrate and also increase the number of
eosinophil-derived TGF-B.>° TGF-B1 plays a crucial role in the
development of airway remodeling in murine models of asthma
induced through ovalbumin administration.®®*' TGF-8 induces
proliferation and differentiation of fibroblast cells into myofibro-
blasts and protein synthesis during the development of sub-
epithelial fibrosis.>> TGF-B also induces proliferation and survival
of extracellular matrix secretion in airway smooth muscle cells,
which may cause increased thickness of airway tissues in airway
remodeling of asthma.> A decrease in TGF-B production prevents

Pediatric Research (2019) 86:181-187

the development of airway remodeling and possibly prevents
therapeutic intervention during chronic asthma.*> CTGF in murine
fibroblast cell lines was initially recognized as an immediate early
gene that was activated with many cytokines, including TGF-B."
Interaction of CTGF with TGF-f causes activation of extracellular
matrix deposition and remodeling; these factors together lead to
tissue remodeling and changes in the organ structure.'? TGF-B
plays a crucial role in CTGF production, process, and action in
various cells."" Inhibition of CTGF expression can prevent and
reverse pathophysiologic tissue remodeling and the fibrosis
process.' In addition, expression and activity of TGF-B and TGF-
3 receptors affect MMP and TIMP expression and activity in the
vein wall.>®* TGF-B and growth factors also serve as inflammatory
cytokines in MMP-9 secretion and production.>* Knockdown of
TGF-B1 expression from cells affect MMP-9 gene expression.”
Both MMP-2 and MMP-9 levels increase in BALF in OVA-
challenged airway remodeling in asthmatic mice.'* We demon-
strated the possible effect of an anti-TSLP antibody in preventing
airway structural changes of smooth muscle thickness and
decreasing the inflammatory mediators of TGF-B, CTGF, and
MMP in airway remodeling of asthma.

Anti-TSLP antibodies decrease sputum and blood eosinophils
and reduce allergen-induced bronchoconstriction in patients with
allergen-induced asthma.®® TSLP may induce corticosteroid
resistance in patients with asthma through activation of natural
helper cells,*® and this may decrease corticosteroid efficiency and
increase the risk of asthma exacerbation. In phase 2 clinical trials,
human anti-TSLP antibodies have decreased the annualized rate
of asthma attacks in patients with uncontrolled asthma who were
already being treated with medium-to-high doses of inhaled
glucocorticoids and long-acting B-agonists.>>*” Lung density
decreased and then remained stable after anti-TSLP antibody
therapy in a murine model of pulmonary fibrosis.?” Until now, no
clinical therapeutic interventions that may cure airway remodeling
of asthma once it is established have been developed. Preventive
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***P < 0.001 vs. OVA group)

interventions and treatment for airway remodeling in asthma are a
priority and warrant further research.®® One research group
reported that IL-33 is a relatively steroid-resistant mediator that
causes severe therapy-resistant asthma in patients and promotes
airway remodeling.® These findings suggest that IL-33 may be a
crucial therapeutic target of airway remodeling in asthma;
however, no clinical trials that support this have been conducted,
and further evaluation is required.’ Thus, the anti-TSLP antibody is
an effective alternative therapy for treating asthma, exerting
positive effects in patients with uncontrolled asthma and
corticosteroid resistance, and preventive effects on airway
remodeling. Our experiment was performed using a small number
of mice; despite this limitation, we demonstrated a significant
effect on airway remodeling in asthma.

In conclusion, the present study demonstrated that the anti-
TSLP antibody decreased airway hyperresponsiveness and sup-
pressed airway remodeling in a murine model of asthma. This
improvement in airway remodeling was accompanied by
decreases in MMP-2 and MMP-9 in BALF and CTGF and TGF-f
levels in lungs. The current findings suggest potential therapeutic

SPRINGER NATURE

and preventive benefits of the anti-TSLP antibody for patients with
asthma by reduction of MMP, TGF-3, and CTGF.
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