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1. Abstract
Claudin-1 is an important member of the cellular tight junction protein, which is very important to barrier function. But some studies
have shown that Claudin-1 is associated with cell proliferation, so its
role in asthma gets more and more attention. Asthma is associated
with clotting system in the lungs. Thrombin is thought to be associated with pro-inflammatory, pro-proliferative and pro-migratory activities. Also, thrombin can result in the disintegration of Claudin-1
from the tight junction protein complex. Therefore, we speculated
that thrombin may interact with Claudin-1 in the lung tissue of asthma. Thirty female mice were randomly divided into 3 groups: normal control group, asthma group, thrombin group. The expression
of claudin-1 was observed by immunofluorescence and RT-PCR.
Mouse airway smooth muscle cells were cultured in vitro, and after Claudin-1 siRNA was transfected, CCK8 was used to detect the
change of proliferation ability, and transwell was used to detect the
change of cell migration ability. Different drug interventions were
given to mouse airway smooth muscle cells, and the expression of
claudin-1 was detected by western blot.
1.1. Conclusion
Claudin-1 is related to the proliferation and migration of ASMCs.
Restricting the expression of Claudin-1 in ASMCs can weaken airway
remodeling caused by thrombin in asthma mice.

2. Introduction
The bronchial epithelium of asthma is destroyed and disintegrated.

Epithelial shedding is the main characteristic of asthma. Airway epithelial cells exfoliation and goblet cells lose their cilia. The result of
these changes is the destruction of the integrity of the tight junction of the epithelium and the repairment of the damaged tissue
after injury [1]. Tight junctions include at least four types, called
claudins, occludins, junction adhesion molecules and detrital [2].
Claudin-1 is the main structural component of TJs [3,4]. Repeated
airway inflammation in asthmatic patients results in varying degrees
of damage to claudin-1, the tight junction protein of epithelial cells,
and destruction of epithelial integrity, which in turn increases cell
permeability, stimulates chronic inflammation, and ultimately leads
to airway remodeling. Asthmatic epithelial cells establish a series of
repair processes that play a key role in driving airway remodeling.
Cell migration, the formation of temporary barrier, leading to epithelial-mesenchymal transformation (EMT), and the reduced expression of Claudin-1 in airway epithelial tissue is an important marker
of EMT [5,6]. Claudin-1 is expressed in melanoma, a non-epithelial malignant tumor, and contributes to cell migration [7]. Similarly,
claudin-1 expression promotes cell adhesion and migration in Langerhans cells and other cells [8]. In esophageal squamous cell carcinoma, claudin-1 is expressed in cancer cells and induces proliferation
and migration of cancer cells through certain signaling pathways [9].
Then, does the expression and function of Claudin-1 change during
the pathological process of asthma characterized by smooth muscle
cell proliferation? Is Claudin-1 a protein expressed in both airway epithelial and smooth muscle cells and involved in airway remodeling in
1
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asthma?. The coagulation system is activated in the presence of pulmonary inflammatory diseases. The basic mediator of coagulation
is tissue factor, which initiates coagulation and activates thrombin
[10]. Thrombin, a key protease in the clotting system, is involved in
almost every stage of asthma development, including changes in airway epithelium and smooth muscle layer during airway remodeling.
Previous studies have shown that thrombin has close relationship
with TJs, thrombin induced rapid decomposition of claudin-5 from
TJs of vascular endothelial cells [11]. In mouse brain microvascular
endothelial cells, thrombin reduced expression of occludin, claudin-5
and zonula occludens-1 [12]. In canine renal epithelial cells (MDCK),
thrombin can activate the endogenous Gα12 leading to the loss of
claudin-1 and occludin to affect the integrity of TJ proteins family
[13]. Based on the above research and the problems brought by it,
we guess if thrombin affect the expression of Claudin-1 during the
pathological process of airway remodeling in asthma, so we conducted the following experiments.
3. Materials and Methods
3.1. Reagents
The Chicken egg ovalbumin (OVA), aluminum hydroxide, hyperin,
BAY 11-7082 and Rabbit-anti-mouse SMA were purchased from Sigma Aldrich, St. Louis, MO, USA. Bovine thrombin was purchased
from Haematologic Technologies Inc. The bicinchoninic acid protein assay kit was procured from Pierce Biotechnology, Rockford,
IL, USA. Mouse monoclonal anti-ASM, rabbit monoclonal anti-claudin-1 antibody were purchased from were purchased from Cell Signaling Technology, Danvers, MA, USA. DyLight488-conjugated
goat anti-mouse IgG and DyLight594-conjugated goat anti-rabbit
IgG were from Beijing Biosynthesis Biotechnology Co., Ltd (Beijing,
China). RCR kits and Transfection Kit were purchased from GenePharma.
3.2. Animal and Sensitization
The BABL/C mice were purchased from Beijing Charles River Company. Sensitize the mouse with 1 mg OVA (s.c.) and 1 ml aluminum
hydroxide (200 mg/ml, s.c.) on days 0 and 7. The control group
mouse received an i.p. injection of normal saline on days 0 and 7
accordingly.
3.3. Inhalational Exposure
Aerosolize the sensitized mouse with OVA (20 mg/ml) for 30 min
twice a day for 6 weeks, by using the AZWELL UN-511 ultrasonic
nebulizer (Osaka, Japan), from day 14 (TIW) (OVA group). While the
control group mice were exposed to aerosolized normal saline (NS)
at the same time.
3.4. Inhalation of Thrombin
Treat the mice of thrombin + OVA group with aerosolized thrombin for 30 min for 4 weeks from day 14. Immunofluorescence. The
expression of Claudin-1 in lung tissue of asthmatic model mice was
detected by immunofluorescence. Paraffin slices were prepaired.

Sections were sealed with 10% normal goat serum and incubated
at room temperature for 30 min. Add two kinds of primary antibody diluted according to the instructions, and incubate at 37℃ for
1 hour. Rinse with PBS and add two kinds of fluorescent secondary
antibodies according to the instructions, put them into a shading box
to avoid light, and incubate at room temperature for 1 hour. DAPI
staining: drop DAPI reagent on the tissue and avoid light for 10 minutes. Wash with PBS. The anti-fluorescence quenching agent was
sealed and photographed under fluorescence microscope.

3.5. RT-PCR
Claudin-1 expression in lung tissues was detected by RT-PCR.
Total RNAs, extracted from airway smooth muscle cells by Nucleospin RNAII kit, were reverse transcribed into cDNAs by
reverse-transcription system. cDNAs were subjected to qRTPCR analysis using ABsolute Blue QPCR SYBR green mix under conditions below: 94°C for 30 s, 40 cycles with 59°C for 30
s and 72°C for 30 s, 72°C for 10 min. Relative levels of genes
were normalizedto GAPDH with the followingprimers:Claudin-1(Forward
CTAGTTTCAGAAGTTTGGCCTGGTA,
Reverse CTGCCAGCTTCCATTAGACTTTG) GAPDH(Forward AATGACCCCTTCATTGAC, Reverse TCCACGACGTACTCAGCGC) SiRNA interfereation experiment
The airway smooth muscle cells in logarithmic growth phase
were collected. After the culture was stopped, the single-cell
suspension made after digestion of the cells was collected. A
sterile 6-well plate was seeded in the plate with 2.0×105 pieces
per well and put back into an incubator at 37℃ for use. SiRNA
sequences: Claudin-1(Forward 5 '- GGCAGAUACAGUGCAAAGUTT - 3', Reverse 5 '- ACUUUGCACUGUAUCUGCCTT - 3') NC (Forward 5 '- UUCUCCGAACGUGUCACGUTT - 3', Reverse 5 '- ACGUGACACGUUCGGAGAATT
- 3') According to the instructions of the transfection kit, SiRNA10μl and Lipofectamine 3000 were diluted and mixed with
100μl serum-free culture solution. The culture medium in the
6-well plate was changed into fresh culture medium without
serum. Mixed liquid was slowly dropped into the 6-well plate.
After that, the 6-well plate was put back into the 37℃ incubator for further incubation for 4-6h. The culture medium was
changed into a complete culture medium containing serum,
and then the 6-well plate was put back into the 37℃ incubator
for further culture. The RNA was detected by RT-PCR after
being cultured for 24 hours.
3.6. Transwell Assay
Si-NC ASMC and si-Claudin 1ASMC were inoculated into 96-well
plates with a density of 2×105 cells/mL. When the cells reached
60%, 0.4ul of the configured thrombin and 0.4ul of PBS were added
into each well to stimulate ASM cells and siRNA-transfected ASM
cells. Airway smooth muscle cells with different treatments were
suspended with serum-free growth medium and plated in the upper
2

2022, V8(21): 1-3

chamber of well coated with matrigel. Growth medium containing
serum was added into the lower chamber. Following incubation for
24 h and removal of the membranes, the cells in the lower chamber
were fixed and then stained with crystal violet. The number of cells
was counted under microscope.
Cell proliferation detected by CCK8 Airway smooth muscle cells
with different treatments were placed in an incubator at 37℃ for
pre-culture for 36 hours; Add 10ul CCK solution to each well after 36 hours (be careful not to produce bubbles); Incubate in 37℃
incubator for 2 hours; After 2 hours, the culture plates were taken
out and the absorbance was measured at 450nm on a microplate analyzer. Absorbance was recorded and cell viability was calculated in
each group. Western Blot for claudin-1 p-p65 and p65 Mouse airway
smooth muscle cells (2×104 cells/well) were seeded and incubated
with thrombin（1u/ml）, NF-κB inhibitor BAY 11-7082（5.0uM）and
hyperin（50uM）for 48 h before the functional assays. Protein concentration of the lysates was determined by bicinchoninic acid pro-

tein assay kit. The lysates (40 μg) were subjected to electrophoretic
separation and transferred to polyvinylidene difluoride membranes.
The membrane was blocked and then incubated with primary antibodies against claudin-1(1:1000), p-p65(1:2000), p65(1:2000) and
GAPDH (1:1000). After incubation with peroxidase-conjugated
secondary antibodies, the membranes were subsequently conducted
with ECL chemiluminescence detection kit and visualized by Odyssey Infrared Imaging System. The signals of bands in the membranes
were quantified by Quantity One 4.6.2 software.
Statistics. The results of measurement data were expressed as
mean±standard deviation. Independent sample T test was used for
comparison between the two groups. At the same time, homogeneity
test of variance has been carried out before the test and the condition of homogeneity of variance is satisfied. All data were analyzed
using SPSS19 software. p values less than 0.05 were considered statistically significant.

Figure 1. A time line showing the time when each treatment was administered.

4. Results
Effects of thrombin on the expression of Claudin-1 in lung tissue of
OVA sensitized mice. The expression of Claudin-1 was evaluated by
immunofluorescence. In figure 2, compared with normal mice, the
expression of Claudin-1 in the epithelial cells of the lung tissue of
OVA-sensitized mice was significantly reduced, and the expression
of Claudin-1 was increased in ASM. The immunostaining area and
intensity of Claudin-1 in ASM of the OVA + thrombin group were
significantly higher than that of the OVA + Sal group, while the fluorescence intensity of Claudin-1 could hardly be detected between epithelial cells. These results showed that the expression of Claudin-1
migrated in the airway of asthmatic model mice, and this abnormal
expression was made more pronounced by thrombin.
4.2. Expression of Claudin-1 mRNA in Lung Tissue of mice
in Each Group.
RT-PCR was used to detect the expression of claudin-1 in the lung
tissues of mice. In figure 3, there was no significant difference in the
expression of claudin-1 in the lung tissues of mice in the asthma
group and the normal control group (P = 0.051). Compared with
asthmatic mice, the mRNA expression of Claudin-1 was increased

in lung tissues of asthmatic mice after thrombin atomization (P <
0.01). Knocking down expression of claudin-1 reduced migration of
airway smooth muscle cells Transwell detected the migration of two
kinds of ASM cells, and the results showed that the migration ability
of si-Claudin-1 ASMC was slightly decreased compared with that of
si-NC ASMC, after thrombin stimulation, the migration of Si-Claudin-1 ASMC was significantly reduced compared with that of si-NC
ASMC. Knocking down expression of claudin-1 reduced proliferation of airway smooth muscle cells CCK8 detected the proliferation
of two kinds of ASM cells. The results showed that the proliferation ability of si-Claudin-1 ASMC was slightly decreased compared
with that of si-NC ASMC, after thrombin stimulation, the proliferation of si-claudin-1 ASMC was significantly decreased compared
with si-NC ASMC. Effects of NF-κB signaling pathway inhibitor on
thrombin-promoted expression of Claudin-1 in smooth muscle cells
Western blot was used to detect the expression level of Claudin-1
protein (Fig. 7). The results showed that thrombin could promote the
increase of Claudin-1 expression in ASMCs, compared with the control group, p<0.001; and thrombin-stimulated ASMCs were treated
with NF-κB after administration of NF-κB. After inhibitor intervention, the expression of Claudin-1 decreased, which was statistically
significant compared with the thrombin group (p = 0.024).
3
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Figure 2. Expression of Claudin-1 in lung tissues of mice in each group was detected by immunofluorescence Green fluorescence represented epithelial
cells, pink fluorescence represented smooth muscle cells, and red fluorescence represented Claudin-1. In SAL group, Claudin-1 was mainly expressed in
epithelial cell layer, but not in smooth muscle layer. In OVA group, claudin-1 expression was decreased in the upper cortex and in the smooth muscle
layer. The expression of Claudin-1 in OVA+ Haemobin group was significantly decreased in epithelial cells, but significantly increased in smooth muscle cells.

Figure 3: Expression of Claudin-1 in lung tissues of mice in each group was detected by RT-PCR
RT-PCR was used to detect the expression level of Claudin-1 gene in the lung tissues of mice in each group. As can be seen from the histogram, there was
no statistical difference in the expression level of Claudin-1 mRNA in the lung tissues of asthmatic mice and normal control mice (# P =0.051). Compared
with asthmatic mice, the mRNA expression of Claudin-1 in lung tissues of asthmatic mice after thrombin atomization was increased, and the comparison
between the two groups was statistically significant (## P < 0.001).

Figure 4: RT-PCR was used to detect whether the expression of claudin-1 was lower 24 hours after transfection, and the results showed that the expression
of claudin-1 was lower after transfection, which was statistically significant compared with the control group (p <0.01).
4
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Figure 5: CCK8 detected the proliferation of two kinds of ASM cells, and the results showed that the proliferation of Claudin-1 siRNA ASMC was slightly
decreased compared with NC siRNA ASMC (# p=0.01). After thrombin stimulation of both kinds of cells, the results showed that the proliferation of
Claudin-1 siRNA ASMC was significantly decreased compared with NC siRNA ASMC (## p <0.01).

Figure 6: Transwell detected the migration of two types of ASM cells, and the results showed that the migration of Claudin-1 siRNA ASMC was slightly
decreased compared with NC siRNA ASMC (#p<0.01). After thrombin stimulation of both types of cells, the results showed that the migration of Claudin-1 siRNA ASMC was significantly decreased compared with NC siRNA ASMC (## p<0.01).

Figure 7: Effects of NF-κB signaling pathway inhibitors on claudin-1 expression Western blot was used to detect the effect of signaling pathway inhibitors
on claudin-1 expression. Compared with the control group, thrombin increased claudin-1 expression (#p<0.001), but the addition of NF-κB inhibitor reduced the expression of Claudin-1 compared with thrombin group (##p =0.024).

4.3. Effects of Hyperin on Thrombin Promoting Claudin-1 Expression

4.4. Effects of Hyperin on NF-κB Signaling Pathway Induced
by Thrombin

Western blot was used to detect the expression of Claudin-1 (Figure.
8), and the results showed that compared with PBS group, thrombin
up-regulated the expression of Claudin-1 in smooth muscle cells (p
=0.008), while the expression of Claudin-1 in smooth muscle cells
was down-regulated after hyperoside intervention in thrombin stimulated ASMC. Compared with thrombin group, it was statistically
significant (p <0.001).

Western blot was used to detect the expression level of phosphorylated p65, as shown in Figure. 9. Compared with PBS group, thrombin up-regulated the phosphorylation level of p65 in smooth muscle
cells (p<0.001), after hyperin intervention, the phosphorylation level
of P65 in thrombin stimulated ASMC decreased compared with that
in thrombin group, and the comparison between the two groups was
statistically significant (p <0.001).

5
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Figure 8: Expression of Claudin-1 in airway smooth muscle cells treated with different drugs Western blot was used to detect the expression of Claudin-1 in
airway smooth muscle cells treated with different drugs. Thrombin could enhance the expression of Claudin-1, which was statistically significant compared
with PBS group (# p =0.008), while hyperin intervention could decrease the expression of Claudin-1 in thrombin stimulated cells, which was statistically
significant compared with thrombin group (# p=0.015).

Figure 9: Effects of hyperin on p65 phosphorylation in thrombin treated airway smooth muscle cells Western blot was used to detect the inhibitory effect
of hyperin on thrombin induced phosphorylation of P65. Thrombin increased the phosphorylation of p65 in ASMC (#p<0.001), and the phosphorylation
level of p65 in ASMC stimulated by thrombin decreased after hyperin intervention, which was statistically significant compared with thrombin group (##
p<0.001).

5. Discussion
Asthma is a major chronic disease which seriously threatens public
health worldwide and is also one of the most common chronic diseases in children [14]. Inflammatory process leads to the change of
the airway wall structures, these changes include goblet cell growth,
bronchial mucus gland enlargement, epithelial cells peeling off,
smooth muscle mass increases, or new vasculature angiogenesis, and
many changes of extracellular matrix [15]. In this study, we mainly
discussed the epithelium and smooth muscle. Through animal experiments and cell experiments, and combined with a large number
of references, we proved that the biomarker Claudin-1, which is involved in both these two aspects, promotes the occurrence and development of asthma by participating in the destruction of epithelial
structure and the proliferation of smooth muscle. Airway epithelial
cells are the first continuous line of defense against damage caused
by inhaled harmful substances, including pathogens, pollutants, and
airborne allergens. It has been reported that bronchial epithelial
cells of asthma patients have imperfect anti-microbial invasion due
to structural damage and ciliary movement disorders [16]. In fact,
airway epithelial damage is also associated with severe airway hyperresponsiveness (AHR) [17]. In addition, epithelial injury may lead to

enhanced proinflammatory activity and secretion of growth factors
[18], leading to airway remodeling, inflammation, and hyper responsiveness. These changes are closely related to the airway epithelial
tight junction protein family. Transmembrane proteins of TJ include
ligation adhesion molecules, closure proteins, and claudins, which are
anchored to the cytoskeleton by zo-1, -2, -3, and cingulate proteins
[19,20]. Previous studies have demonstrated that the expression of
Claudin-1 is localized in the trachea and bronchioles through immunofluorescence localization detection [21]. Claudin-1 is closely related to the destruction of epithelial structure in respiratory diseases
and plays a key role in the pathological process of asthma [22]. As
shown in Figure 2, the expression of Claudin-1 in the airway epithelium of normal control mice was complete and continuous, while the
expression of Claudin-1 in the airway epithelium of OVA-sensitized
mice was reduced.
Once the barrier function of the airway epithelium is lost, the airways become vulnerable to inhaled environmental factors. Longterm exposure to these environmental factors will lead to chronic
inflammatory environment and airway remodeling, which is mainly
characterized by the deposition of extracellular matrix proteins and
excessive secretion of mucus, thereby damaging the structure and
6
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function of the lung [23]. In the experiment, we detected the cell
proliferation of ASMC and Claudin-1 SiRNA-interfered ASMC respectively, and the results showed that the proliferation ability of the
former was slightly higher than that of the latter. Thrombin was used
to intervene ASMC and Claudin-1 SiRNA-interfered ASMC respectively, the results showed that the proliferation of claudin-1 SiRNA
ASM cells was significantly lower than that of normal ASM cells after
thrombin intervention. The same result was found in the experiment
of Transwell. Claudin-1 gene knockout has been shown to reduce
proliferation in keratinocytes [24]. Claudin-1 gene knockout has a
negative effect on cell proliferation in endometrial cancer cells and
gastric cancer cells [25]. These results are consistent with our results
showing that claudin-1 is closely related to the proliferation of airway smooth muscle cells, and the low expression of claudin-1 can
limit the proliferation of ASM cells promoted by thrombin. However, the specific mechanism is still unknown, but previous studies
have shown that the promotion of cell proliferation by claudin-1 in
keratinocytes may be related to p-Akt [26], and in endometrial cancer
cells, claudin-1 expressed in the nucleus can promote cell migration
and invasion through PI3K/Akt [27]. It also provides a direction for
our further research. In humans and experimental animals, activation of the coagulation system also occurs in the respiratory tract,
and recent studies have pointed out an important role in the pathogenesis of allergic inflammation and airway remodeling in asthma
[28,29]. The source of pulmonary clotting factors may be plasma
proteins leaking from inflammatory blood vessels or proteins synthesized and secreted by lung epithelial cells [30,31]. Physiological
level of thrombin production in airway may play a role in mucosal
hemostasis, fibrin-mediated bacterial inhibition, or enhancement of
defense mechanism [32]. However, pathological conditions, such as
mucosal hypersensitivity and inflammation, excessive thrombin production and fibrin deposition, cause harmful effects on the airway
and cover its physiological regulatory mechanism [33-35]. Claudin-1
expression in airway epithelial cells in asthma was reduced, and the
decrease was more obvious after thrombin intervention, but from
RT-PCR test we found that the expression of claudin-1 in lung tissue
in asthmatic mice was not decreased compaired with nomal mice.
Thrombin intervention of asthma model made claudin-1 expression
in lung tissue significantly enhanced. These results proved that the
expression of claudin-1 in epithelial cells reduced, and at the same
time, there should be an enhanced expression of claudin-1 in other
kinds of cells in lung tissue. Combined with our immunofluorescence result, claudin-1 expressed in airway smooth muscle cells was
increased, and the degree of increase was greater than that of decrease in epithelial cells. In fact, previous studies on the mechanism
of pulmonary arterial hypertension have confirmed that Claudin-1
is involved in the pathogenesis of pulmonary arterial hypertension
(PAH). Claudin-1 can be expressed in vascular smooth muscle cells
to promote cell proliferation and migration. NF-κB inhibitor BAY
11-7082 inhibited the upregulation of Claudin-1 [36]. Claudin-1 ex-

pression in the nucleus has been shown to be mediated by NF-κB
in cancer studies [37,-39]. In our study, thrombinase-treated airway
smooth muscle cells were treated with a NF-κB inhibitor (BAY 117082), which showed that BAY 11-7082 inhibited thrombinase-induced up-regulation of Claudin-1.
Hyperin, a flavonoid, has been widely used in traditional Chinese
medicine due to its antioxidant [38], anti-inflammatory [39], anti-tumor [40] and other properties. Studies on its therapeutic effects include inhibition of lipopolysaccharide induced acute liver injury in
mice (Huang, C., et al., 2015), inhibition of lipopolysaccharide induced nitrite production in rat peritoneal macrophages [41], regulation of adhesion of extracellular matrix in cancer progression [42],
and inhibition of pseudomonas aeruginosa biofilm formation [43]. It
has been proved that hyperin can inhibit the production and activity
of thrombin in the mechanism of coagulation [44]. However, there
are few studies on the role of hyperin in the treatment of asthma.
Some studies have confirmed that hyperin can inhibit the accumulation of inflammatory cells and the levels of IL-4, IL-5, IL-13 and
IgE in OVA-induced asthmatic model mice through Nrf2 signaling
pathway [45], so its role in asthma has attracted more and more attention. It is well known that TGF-β1 is a key regulator of the fibrotic
response, leading to abnormal airway smooth muscle cell function
during asthma [46-50]. TGF-β1 is elevated in the airway of asthma and promotes theproliferation and migration of airway smooth
muscle cells [50-52]. TGF- β1 also promotes airway remodeling by
enhancing the extracellular matrix such as fibronectin, tendinin and
collagen [53,54]. Therefore, TGF-β1 induction of airway smooth
muscle cells has been widely used in in vitro models of asthma [55].
In our previous study, TGF-β1 was used to intervene airway smooth
muscle cells and hyperin was treated with different concentrations to
confirm the effect of hyperin and determine the appropriate drug
concentration [55-71]. Hyperin reduced the phosphorylation of P65,
thereby decreasing TGF-β 1-induced NF-κB activity in a dose-dependent manner. After demonstrating the role of hyperin in an in
vitro model of asthma, we used hyperin to intervene in thrombinase-treated airway smooth muscle cells and found that the increase
in thrombinase-induced claudin-1 expression could be inhibited by
hyperin. We also examined NF-κB activation of airway smooth muscle cells in the thrombin group and the thrombin + hyperin group.
The results showed that hyperin did inhibit the increased phosphorylation of p65 induced by thrombin, resulting in the decreased expression of Claudin-1. In summary, regulation of claudin-1 expression in
airway smooth muscle cells is an important mechanism of thrombin
promoting the proliferation of smooth muscle cells. Thrombin can
increase the expression of Claudin-1 in airway smooth muscle cells
of asthmatic mice through NF-κB signaling pathway. Hyperin inhibits the expression of Claudin-1 in thrombin - induced airway smooth
muscle cells. These experiments provide new ideas for finding molecular markers and therapeutic targets of asthma in clinic.
7
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