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Asthma; Background: Asthma is a common illness with chronic airway inflammation. C1q/tumor necro-
airway inflammation; sis factor (TNF)-related protein 3 (CTRP3) plays a vital role ininflammatory response, but its
airway remodeling; effect on asthma is imprecise. Herein, we analyzed the functions of CTRP3 in asthma.
CTRP3; Methods: The BALB/c mice were randomized into four groups: control, ovalbumin (OVA),
NF-kB; OVA+vector, and OVA+CTRP3. The asthmatic mice model was established by OVA stimula-
TGFB1/Smad3 tion. Overexpression of CTRP3 was implemented by the transfection of corresponding adeno-

associated virus 6 (AAV6). The contents of CTRP3, E-cadherin, N-cadherin, smooth muscle
alpha-actin (a-SMA), phosphorylated (p)-p65/p65, transforming growth factor-beta 1 (TGFB1),
and p-Smad3/Smad3 were determined by Western blot analysis. The quantity of total cells,
eosinophils, neutrophils, and lymphocytes in bronchoalveolar lavage fluid (BALF) was assessed
by using a hemocytometer. The contents of tumor necrosis factor-a and interleukin-18 in
BALF were examined by enzyme-linked immunesorbent serologic assay. The lung function
indicators and airway resistance (AWR) were measured. The bronchial and alveolar structures
were evaluated by hematoxylin and eosin staining and sirius red staining.

Results: The CTRP3 was downregulated in mice of OVA groups; however, AAV6-CTRP3 treat-
ment markedly upregulated the expression of CTRP3. Upregulation of CTRP3 diminished asth-
matic airway inflammation by decreasing the number of inflammatory cells and the contents
of proinflammatory factors. CTRP3 markedly lessened AWR and improved lung function in
OVA-stimulated mice. Histological analysis found that CTRP3 alleviated OVA-induced airway
remodeling in mice. Moreover, CTRP3 modulated NF-kB and TGFB1/Smad3 pathways in OVA-
stimulated mice.

Conclusion: CTRP3 alleviated airway inflammation and remodeling in OVA-induced asthmatic
mice via regulating NF-kB and TGFB1/Smad3 pathways.
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Introduction

Asthma is a heterogeneous chronic inflammatory dis-
ease characterized by reversible airflow obstruction.
The airway inflammation is the main determinant of
airway hyper-responsiveness, which can be triggered
by multiple factors, including allergens, infections, and
pollutants.’? Asthma is one of the most common chronic
diseases in children.? According to the data released
by World Health Organization (WHO), about 130 million
children suffer from asthma globally.* According to the
WHO estimates, 38,300 people die annually from asthma
attacks globally.> Its increasing prevalence imposes a
heavy burden on public health. Asthma is closely asso-
ciated with the overproduction of various inflammatory
mediators, cytokines, and adhesion molecules.® Airway
inflammation and remodeling often occur in asthma
patients, leading to histological changes in airway struc-
ture, resulting in increased airway fibrosis and decreased
lung function.” Airway inflammation in asthma has been
found to be regulated by several factors, including
inflammatory cells and various cytokines.® In the current
clinical works, corticosteroids are often used to control
asthma but cannot lessen airway structural damage,
and their therapeutic effect is limited.” Therefore, we
urgently need new strategies for treating asthma.

C1g/tumor necrosis factor (TNF)-related protein 3
(CTRP3) belongs to a highly conserved CTRP adiponectin
superfamily para-homology." In adult mice, CTRP3 is con-
sidered as an adipokine because it is mainly expressed
in adipose tissue. However, CTRP3 is also expressed in
the heart, lung, kidney, spleen, testis, and other organs."
Previous studies have shown that CTRP3 is an endog-
enous antagonist of lipopolysaccharide, and the abnor-
mal expression of CTRP3 is linked with numerous types
of diseases, such as sepsis, myocardial dysfunction, and
severe pancreatitis.”’® CTRP3 also can attenuate TGF-
B1-induced Smad3 phosphorylation and improve cardiac
fibrosis."* However, few studies have studied the role of
CTRP3 in asthma, and its related regulatory mechanism
is not clear.

Herein, we built an asthma mouse model by ovalbu-
min (OVA) treatment. Besides, we confirmed the role of
CTRP3 in airway inflammation and remodeling in asthmatic
mice. The purpose of this study was to investigate the role
of CTRP3 in asthma and its regulatory molecular mecha-
nism. Our research provided an experimental basis for the
improvement of targeted therapy for asthma.

Materials and Methods
Animals

Female BALB/c mice (specific pathogen-free, 6-week old)
were obtained from Shanghai Laboratory Animal Company
(SLAC, Shanghai, China), and kept in pathogen-free condi-
tions. The animal experiments were conducted according
to the guidelines provided in the Guide for the Care and
Use of Laboratory Animals.” These mice were adaptively
fed for 1 week with OVA-free food and water. The animal
research was approved by the Animal Ethical and Welfare

Committee of First Affiliated Hospital of Gannan Medical
University.

Creation of OVA-induced mouse model

The mice were randomly divided into the following four
groups (n = 6 mice/group): control, OVA, OVA+vector,
OVA+CTRP3. Mice were sensitized and challenged as
reported previously.® In brief, except for the control
group, the mice were sensitized on day 0, 7, and 14 by
intraperitoneal (i.p.) injection of OVA (40 pg; Sigma-
Aldrich, St. Louis, MO, USA) and 10% Al(OH), (2 mg; Sigma-
Aldrich) in phosphate-buffered saline solution (PBS; total
volume: 0.2 mL; Sigma-Aldrich). The mice were chal-
lenged for 20 min through airway with aerosolized 5%
OVA in PBS (from day 21 to 55) by utilizing an ultrasonic
nebulizer (403M; YUWELL, Zhenjiang, China). The con-
trol group mice were provided the identical management
with PBS as a substitute for OVA. The sensitization proto-
col is shown in Figure 1A.

Overexpression of CTRP3

Recombinant adeno-associated virus 6 (AAV6) with intense
affinity for lung tissues act as a vector.'®'” Recombinant
AAV6 (1x10™ vg/mL) was constructed by GenePharma
(Shanghai, China), comprising green fluorescent protein
(GFP) labeling and sequence of interest. The sequence of
interest was the control sequence (vector) or the overex-
pression sequence of CTRP3. The mice of OVA+vector and
OVA+CTRP3 groups were transfected 2 days before the first
sensitization with corresponding AAV6 to express the inter-
ested sequence. After the mice were completely anesthe-
tized with 4% chloral hydrate (0.1 mg/10 g; Sigma-Aldrich)
via i.p. injection, 50-pL liquid comprising AAV6 was infused
in the lungs by endotracheal intubation.

Western blot analysis

Proteins were collected from the lung tissues of mice,
and were separated by using sodium dodecyl sulfate-
polyacrylamide gel electrophoresis (SDS-PAGE). The pro-
teins were transferred to polyvinylidene fluoride (PVDF)
membranes (Sigma-Aldrich). After blocking, the mem-
branes were incubated with primary antibodies overnight
at 4°C. Then the membranes were incubated with goat
anti-rabbit Immunoglobulin G (IgG, ab205718, 1:2500;
Abcam, Cambridge, MA, USA) for 1 h. The membranes were
evaluated with a Western blot (WB) kit (Sigma-Aldrich)
via a Bio-Rad gel imaging system (Bio-Rad, Hercules, CA,
USA). The images were analyzed with the Image J soft-
ware as described by Rahmati et al.’®"” The primary anti-
bodies included the following: anti-CTRP3 (ab36870,
1:1000; Abcam), anti-E-cadherin (ab76319, 1:1000; Abcam),
anti-N-cadherin (ab76011, 1:1000; Abcam), anti-smooth
muscle alpha-actin (anti-a-SMA, ab5694, 1:1000; Abcam),
anti-phosphorylated (p)-p65 (3033, 1:1000; CST, Danvers,
MA, USA), anti-p65 (8242, 1:1000; CST), anti-TGFB1
(3711, 1:1000; GST), anti-p-Smad3 (9520, 1:1000; Abcam),
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Upregulation of CTRP3 diminished inflammation of asthmatic airway in OVA-stimulated mice. The BALB/c mice were

randomly divided into four groups: control, OVA, OVA+vector, and OVA+CTRP3. (A) The sensitization flow chart of mice. (B) The
content of CTRP3 in lung tissues was examined by Western blot analysis. (C) The quantity of total cells, including eosinophils,
neutrophils, and lymphocytes, in BALF was assessed by utilizing a hemocytometer. (D) The contents of TNF-a and IL-18 in BALF
were examined by ELISA. Compared to the control group, ***P < 0.001; compared to the OVA+vector group, ““"P < 0.001. All data

were expressed as mean + SD.

anti-Smad3 (9531, 1:1000; Abcam), and anti-B-actin

(ab8226, 1:1000; Abcam).

Collection and investigation of bronchoalveolar
lavage fluid (BALF)

Airway inflammatory response was evaluated at 24 h follow-
ing the last challenge. BALF was reaped through conveying
0.8-mL cold PBS (Sigma-Aldrich) by endotracheal intubation
and lightly suctioning the fluid. The lung lavage was done for
three times, with the recovery ratio of about 80%. Then the
BALF was centrifuged and cell precipitation and supernatant
were collected separately. The supernatant was preserved
at -80°C for subsequent analysis. The cell precipitation was
resuspended in 1-mL PBS (Sigma-Aldrich), and the quantity
of total cells, including eosinophils, neutrophils, and lym-
phocytes, was assessed by a hemocytometer. The contents
of TNF-a and interleukin (IL)-18 in BALF supernatant were
examined by exploiting corresponding enzyme-linked immu-
nosorbent serologic assay (ELISA; ab183218 and ab7632;
Abcam) kits according to the instructions provided for spe-
cific experimental procedures.

Detection of airway resistance (AWR) and lung
function

Airway resistance was evaluated at 24 h following the last
challenge. Mice were anesthetized with sodium pentobar-
bital (50 mg/kg; Sigma-Aldrich). Tracheal intubation was

performed by using 22G indwelling needle. After hooking
up to the mouse lung function instrument, the mice were
positioned on the heating plate of a closed incubator. A
respirator was utilized for aided respiration. The mice
received intravenous (i.v.) infusion of methacholine (12.5,
25, and 50 mg/mL; Sigma-Aldrich). Alterations in AWR
(cm H,0 s/L), lung function indicators (peak expiratory flow
[PEF, mL/s], and the ratio of forced expiratory volume in
0.4 s to forced vitial capacity [forced expiratory volume or
FEV, /forced vital capacity or FVC]), and respiratory rate
(breaths/min) were examined. The AWR in draft PBS was
R, (baseline). AWR of indrawing methacholine at diverse
dosages was R __ (response). The dominant value of AWR at
every dosage was recorded and transformed into the fold
increase during PBS provocation (R) as an indicator to eval-
uate AWR according to the following formula:
Fold Increase of R = [R __ (response) - R (baseline)]
/R, (baseline).

Hematoxylin and eosin (H&E) staining

The lung tissues of mice were dehydrated (gradient etha-
nol; Sigma-Aldrich), permeabilized, embedded in paraffin
(Sigma-Aldrich), and cut into slices. The specific experi-
mental steps are consistent with that of Bostani et al. and
Rahmati et al.?%?' The slices were exposed to hematoxylin
(Sigma-Aldrich) for 5 min, dealt with ethanol hydrochlo-
ride (Sigma-Aldrich) for 3 s, and treated with eosin (Sigma-
Aldrich) for 2 min. The slices were observed under a light
microscope (Leica, Wetzlar, Germany).
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Sirius red staining

For histological analysis, the lung tissues of mice were fixed
in 4% paraformaldehyde (PFA; Sigma-Aldrich) and embed-
ded in paraffin (Sigma-Aldrich). The samples were cut into
5-pm slices and stained with sirius red (Sigma-Aldrich). The
images were taken by an inverted microscope (Leica).

Statistical assay

All investigations were repeated for more than three times.
Statistical analyses were executed using SPSS 22.0 (SPSS,
Inc., Chicago, IL, USA). All data were expressed as mean =
SD. Shapiro-Wilk test was used to detect normal distribu-
tion. Bartlett’s test was used to detect variance homoge-
neity. Paired comparison was done using Student’s t-test.
Multiple comparison was done by analysis of variance
(ANOVA). P < 0.05 was considered as statistically significant.

Results

CTRP3 alleviated inflammation in BALF of OVA-
stimulated mice

To inspect the influence of CTRP3 in asthma, we built a
mouse model through OVA treatment. The mice were ran-
domly divided into the following four groups: control, OVA,
OVA+vector, OVA+CTRP3. We found that the content of
CTRP3 in lung tissues was apparently reduced in mice of
OVA groups, compared to the control group. After transfec-
tion with AAV6-CTRP3, the content of CTRP3 was evidently
boosted with respect to the OVA+vector group, suggesting
that AAV6-CTRP3 markedly upregulated the expression
of CTRP3 in lung tissues (Figure 1B). Besides, we discov-
ered the quantity of total cells, including eosinophils,

neutrophils, and lymphocytes (Figure 1C). Besides, the con-
tents of TNF-a and IL-18 (Figure 1D) in BALF were increased
by OVA induction, which was lessened by AAV6-CTRP3
co-treatment. Therefore, upregulation of CTRP3 diminished
asthmatic airway inflammation by decreasing the number
of inflammatory cells and the contents of proinflammatory
factors.

CTRP3 lessened AWR in OVA mice

We scrutinized the influence of CTRP3 on the lung func-
tion of asthmatic mice. We discovered that lung function
indicators, such as PEF and FEV, ,/FVC, declined but respi-
ratory rate was augmented in the OVA groups, compared
to the control group. PEF and FEV, ,/FVC were augmented
and respiratory rate was diminished in the OVA+CTRP3
group with respect to the OVA+vector group (Figure 2A).
Administration of diverse doses of methacholine appar-
ently boosted AWR in the OVA groups but was obviously
diminished in the OVA+CTRP3 group (Figure 2B). Hence,
we revealed that CTRP3 could markedly lessen AWR and
increase lung function in OVA-stimulated mice.

CTRP3 curbed OVA-induced airway remodeling

We analyzed the influence of CTRP3 on airway remodel-
ing of asthmatic mice. H&E staining and sirius red staining
results revealed that bronchial and alveolar structures were
muddled and missing in the OVA groups. The infiltration of
inflammatory cells around the bronchial mucosa was severe.
The inflammatory cell infiltration was observably less-
ened following the AAV6-CTRP3 co-treatment (Figure 3A).
Moreover, the content of E-cadherin was reduced and that
of N-cadherin and a-SMA was boosted in lung tissues by
OVA induction. However, these influences were lessened
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Figure 2 CTRP3 lessened AWR in OVA mice. (A) The lung function indicators, such as PEF, FEV ,/FVC, and respiratory rate, were
assessed in mice. (B) AWR was measured using different doses of methacholine. Compared to the control group, ***P < 0.001;
compared to the OVA+vector group, *"P < 0.01, **"P < 0.001. All data were expressed as mean + SD.
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Figure 3 CTRP3 restricted OVA-induced airway remodeling. (A) The bronchial and alveolar structures were assessed by H&E staining
and sirius red staining (x200). (B) Levels of E-cadherin, N-cadherin, and a-SMA were examined by Western blot analysis. Compared to
the control group, ***P < 0.001; compared to the OVA+vector group, “*"P < 0.001. All data were expressed as mean + SD.

by AAV6-CTRP3 co-treatment (Figure 3B). These outcomes
revealed that CTRP3 alleviated OVA-induced airway remod-
eling in mice.

CTRP3 modulated NF-xB and TGF$1/Smad3
pathways in OVA-induced mice

We explored CTRP3-modulated signaling pathway. We
found that the contents of p-p65/p65 (Figure 4A), TGFB1,
and p-Smad3/Smad3 (Figure 4B) in lung tissues were
increased after OVA induction but decreased by AAV6-
CTRP3 co-treatment. Hence, we confirmed that CTRP3
could modulate NF-kB and TGFB1/Smad3 pathway in OVA-
induced mice. The main numerical values are given in
Supplementary Table S1.

Discussion

In this paper, we found that CTRP3 was downregulated
in mice of the OVA groups, and AAV6-CTRP3 treatment

markedly upregulated the expression of CTRP3. Besides,
upregulation of CTRP3 diminished asthmatic airway inflam-
mation by dwindling the number of inflammatory cells and
the contents of proinflammatory factors. Moreover, we also
found that CTRP3 could markedly lessen AWR and increase
lung function in OVA mice. Furthermore, histological anal-
ysis found that CTRP3 curbed OVA-induced airway remod-
eling in mice. Finally, we also investigated the regulatory
molecular mechanism of CTRP3 in asthma. CTRP3 modu-
lated NF-kB and TGFB1/Smad3 pathways in OVA-stimulated
mice.

Asthma is a common disease with globally high mor-
bidity, mortality, and economic burden.?? Asthma is a het-
erogeneous disease associated with many factors, such as
infections, tobacco smoke, cold air, allergens, hormones,
exercise, obesity, genetic mutations, and eosinophilia.23%
Meanwhile, asthma is also associated with chronic airway
inflammation caused by activation of the immune system.”
Chronic airway inflammation leads to airway edema, exces-
sive secretion of mucus, airway blockage, decrease in lung
functioning, and related conditions.?” At present, hormone
therapy is often used to treat asthma, but its adverse
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Figure 4 CTRP3 modulated NF-xB and TGFB1/Smad3 pathways in OVA-stimulated mice. (A) and (B) The contents of p-p65/p65,
TGFpB1, and p-Smad3/Smad3 in lung tissues were examined by Western blot analysis. Compared to the control group, ***P < 0.001;
compared to the OVA+vector group, “P < 0.05, **"P < 0.001. All data were expressed as mean + SD.

reactions are severe.? With the in-depth understanding of
the pathophysiological mechanism of asthma, molecular-
targeted therapy is gradually applied to treat asthma
patients.” In this research, we scrutinized the functions of
CTRP3 in asthma.

CTRP3 has a certain regulatory effect on inflamma-
tory reaction, blood glucose, and blood lipid.'*?*3° Besides,
Yu et al. confirmed that CTRP3 could attenuate inflam-
matory bowel disease (IBD) by modulating NF-kB signal-
ing.>" In addition, Zhang et al. revealed that CTRP3 could
ameliorate uric acid-stimulated inflammation in vascular
endothelial cells.3? Moreover, Meng et al. proved that the
CTRP3 content was obviously abridged in the hippocampus
of mice with depression, and CTRP3 curbed inflammatory
response in depressive mouse model by modulating NF-kB
signaling.® In addition, CTRP3 participates in the regula-
tion of obesity, metabolic dysfunction, and cardiovascular
diseases.**3 However, no study has essentially investigated
the role of CTRP3 in asthma. In this paper, we exposed that
CTRP3 was downregulated in OVA groups, and AAV6-CTRP3
treatment markedly upregulated the expression of CTRP3
in OVA-stimulated mice. Upregulation of CTRP3 diminished
asthmatic airway inflammation by diminishing the number
of inflammatory cells and the contents of proinflammatory
factors. These outcomes were consistent with the results
of Zhang et al. and Meng et al., which confirmed that
CTRP3 has a good anti-inflammatory effect.3233

Moreover, we found that CTRP3 could markedly lessen
AWR and increase lung function in OVA-stimulated mice.
Furthermore, the results of H&E staining and sirius red
staining found that CTRP3 curbed OVA-induced airway
remodeling in mice. Previous studies have exposed that
E-cadherin, N-cadherin, and a-SMA were linked with airway
remodeling in asthma, and the content of E-cadherin was
reduced in asthmatic epithelial cells.* Pu et al. reported
that azithromycin could markedly repress airway remodel-
ing by enhancing the abundance of E-cadherin and decreas-
ing the contents of N-cadherin and a-SMA.¥ Herein, we
revealed that the content of E-cadherin was restricted.
Besides, contents of N-cadherin and a-SMA were increased
in lung tissues by OVA induction but lessened by AAV6-
CTRP3 co-treatment. These results were comparable with
the results of Pu et al.¥”

NF-kB is a potent inflammatory mediator that enhances
cytokine production in a variety of diseases, including
asthma.3®%* Phosphorylation of IkB activates the NF-kB
p65 subunit, which is responsible for increasing cytokine
production and promoting inflammatory cascade reac-
tion.®40 TGF-B1 is a multipotent cytokine involved in air-
way inflammation and fibrotic tissue remodeling during
asthma pathology. TGF-B81 functions through a number of
different signaling pathways, including the Smad pathway.
TGF-B1 activates Smad pathway in a nonclassical manner
by activating all three known mitogen-activated protein
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kinase pathways. Wu et al. revealed that CTRP3 could
exert anti-fibrotic effect by modulating Smad3 activation.™
In this paper, we confirmed that CTRP3 modulated NF-kB
and TGFB1/Smad3 pathways in OVA-stimulated asthmatic
mice. We found that CTRP3 could be a genetic target for
asthma treatment, with good anti-inflammatory effects for
the first time.

The present research has certain drawbacks. OVA are
not a “real” asthma allergen in humans, and therefore the
OVA model may not accurately reflect the pathophysiol-
ogy of human asthma. In contrast, Aspergillus fumigatus
is a common allergen of human asthma; hence, we would
use this allergen for establishing modeling for subsequent
confirmation.*? Second, since we only studied the effect of
CTRP3 in a mouse model, relevant conclusions need to be
further verified in clinical practice.

Conclusion

In summary, our results proved that CTRP3 could alleviate
airway inflammation and remodeling in OVA-stimulated
asthmatic mice by regulating NF-kB and TGFB1/Smad3
pathways. Hence, CTRP3 could be a possible therapeutic
target for the repression of asthma.
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Supplementary

Table S1. The main numerical values.

Control OVA OVA+vector OVA+CTRP3
1-B 0.75+0.08 0.17£0.02 0.21+0.03 0.69+0.12
1-C Total 2.52+0.1 9.8+1.44 10.2+1.53 3.29+0.47
1-C Eosinophils 0.83+0.01 5.33x0.54 6.18+0.37 1.46+0.15
1-C Neutrophils 0.82+0.02 1.82+0.24 1.67+0.22 0.98+0.11
1-C Lymphocytes 0.51+0.02 2.37+0.16 2.6+0.24 1.36+0.11
1-D TNF-a 78.03+2.02 422.04+38.75 413.98+46.76 154.92+34.73
1-D IL-18 33.33+0.88 183.62+11.54 183.83+25.4 79.5+7.94
2-A PEF 10.48+1.84 6.36+1.07 6.52+0.96 8.41+0.77
2-A FEV 0.4/FVC 0.98+0.11 0.57+0.04 0.55+0.08 0.85+0.06
2-A Respiratory rate 118.83+9.41 224.17+30.8 228.17+17.86 155.5+18.9
2-B 12.5mg/ml 2.05+0.04 6.99+0.77 6.4+0.59 4.33+0.63
2-B 25mg/ml 3+0.08 19.41+2.41 18.32+1.95 7.62+1.15
2-B 50mg/ml 6.08+0.18 22.47+3.5 20.72+1.55 12.02+1.11
3-B E-cadherin 0.41+0.04 0.11£0.01 0.11£0.02 0.32+0.02
3-B N-cadherin 0.05+0 0.38+0.04 0.34+0.05 0.16+0.01
3-B a-SMA 0.08+0.01 0.39+0.03 0.41+0.04 0.19+0.03
4-A p-p65/p65 0.29+0.03 1.18+0.09 1.32+0.15 0.52+0.05
4-B TGFB1 0.08+0.01 0.88+0.09 0.77+0.11 0.41+0.07

4-B p-smad3/smad3 0.54+0.09 1.81+£0.17 1.65+0.23 1.34£0.11
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