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Abstract
The transition of alveolar type II epithelial cells into fibroblasts has been reported 
to cause and/or aggravate pulmonary fibrosis (PF), which is characterized by fibro-
blast proliferation, an enhanced production and accumulation of ECM (extracellular 
matrix), alveolar wall damage and functional capillary unit loss. Traditional Chinese 
medicine Emodin has been reported to inhibit TGF-β-induced epithelial-mesen-
chymal transition (EMT) in alveolar epithelial cells through Notch signalling. In the 
present study, neutrophil elastase (NE, also known as ELA2) treatment promoted 
EMT, Notch1 cleavage (NICD/Notch1 ratio increase) and NICD nuclear transloca-
tion in RLE-6TN cells and A549 cells. The promotive roles of NE treatment in these 
events were significantly reversed by Notch1 knockdown. Traditional Chinese medi-
cine Emodin treatment remarkably inhibited the enzyme activity of NE, suppressed 
EMT, Notch1 cleavage and NICD nuclear translocation within RLE-6TN and A549 
cells, while NE treatment significantly reversed the effects of Emodin. Moreover, in 
RLE-6TN, the effects of NE on EMT, Notch1 cleavage and NICD nuclear transloca-
tion were remarkably attenuated by Emodin treatment and more attenuated by the 
combination of Emodin and neutrophil elastase inhibitor Sivelestat or notch signal 
pathway inhibitor DAPT. In conclusion, we revealed the involvement of NE-induced 
Notch1 cleavage in the functions of Emodin suppressing NE-caused EMT in RLE-6TN 
cells and A549 cells. This novel mechanism of Emodin inhibiting EMT might extend 
the application of Emodin in PF treatment.
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1  | INTRODUC TION

Pulmonary fibrosis (PF), a pulmonary disease that occurs when lung 
tissue becomes damaged and scarred, is characterized by fibroblast 
proliferation, an enhanced production and accumulation of ECM (ex-
tracellular matrix), alveolar wall damage and functional capillary unit 
loss, finally resulting in respiratory failure.1,2 Regarding the mecha-
nism, the transition of alveolar type II cells into fibroblasts has been 
reported to cause and/or aggravate PF.3,4 The present study exhib-
ited the inhibitory effects of Emodin (the chemical structure was 
shown in Figure S1A), an anthraquinone mainly found in traditional 
Chinese medicines such as rhubarb, Polygonum multiflorum and 
Polygonum cuspidatum,5,6 on PF through suppressing transforming 
growth factor β (TGF-β)-induced epithelial-mesenchymal transition 
(EMT) within alveolar epithelial cells via Notch signalling.7 Further 
investigation on the potential mechanism of Emodin could possibly 
provide new strategies to treat pulmonary fibrosis.

The major biological role of Notch signalling pathway is to con-
trol the developmental fates of several cells.8,9 Initially, Notch sig-
nalling pathway has been described as an essential pathway that 
suppresses cell differentiation via eliciting transcriptional repres-
sors, including HES (hairy and enhancer of split) and HERP (HES-
related repressor protein) family genes.10 Moreover, various studies 
have demonstrated the important role of Notch signalling pathway 
within lung and airway fibrosis.11,12 Recently, new evidence suggests 
that Notch signalling exerts a promotive effect on EMT in the pro-
cess of development and tumorigenesis.13,14 Hu et al 15 reported that 
selective Notch1 deficiency within mesenchymal cells led to fibro-
sis impairment because of deficient myofibroblast differentiation. 
In our previous study, we revealed that Emodin could modulate the 
gene expression profiles of Notch pathway-associated factors and 
down-regulate the Notch1 nucleus translocation. Silencing Notch1 
can intensify the functions of Emodin suppressing TGF-β1–caused 
EMT in RLE-6TN cells.16 Considering these previous findings, inves-
tigating the factors that might mediate Emodin-induced suppression 
on Notch1 nuclear translocation and the underlying mechanism is 
needed.

It is gradually accepted that cells might be involved in different 
biological functional modules,17-19 where different series of proteins 
interact with each other to form different building blocks, partici-
pating in different biological processes. Protein-protein interactions 
(PPIs), which are widely used in the construction of biological net-
works, participate in protein transport and degradation, cell cycle 
progress, polarity, gene expression, DNA repair and many other bio-
logical processes.20 During the past decades, the availability of com-
plete genome sequences has led to a paradigm shift from the study 
of individual proteins in an organism to large-scale proteome-wide 
studies of proteins, thereby constructing a large-scale map of human 
protein interactions. PPI mapping can not only characterize a pre-
dicted function to unidentified proteins, but also provide informa-
tion, such as interaction scopes, to guide further experiments. In the 
present study, the targets and PPIs of Emodin were obtained from 
ChEMBL (www.ebi.ac.uk/chemb​l/) and BindingDB (www.bindi​ngdb.

org) database retrieval and eight candidate proteins were selected 
(Figure  S1B). BindingDB data are derived from PDB literature re-
ports, patent information, PubChem BioAssay data and ChEMBL re-
cords, while ChEMBL data are from a variety of published literature. 
Among the candidate proteins, neutrophil elastase (NE, also known 
as ELA2) attracted our attention because of the vital role of neutro-
phils in PF.21-25 Since NE plays a promotive role in PF, we speculate 
that Emodin might interact with NE to affect Notch1 cleavage and 
Notch1 nuclear translocation, finally inhibiting EMT in RLE-6TN and 
A549 cells.

Herein, we first examined the effects of different doses of NE 
on EMT markers and Notch1 protein levels. Next, Notch1 knock-
down was generated in RLE-6TN and A549 cells with or without NE 
treatment to investigate whether NE induces EMT through enhanc-
ing Notch1 cleavage and Notch1 nuclear translocation. Finally, the 
study co-treated alveolar epithelial cells with Emodin and NE and 
then examined the EMT status and Notch1 cleavage. In summary, 
we demonstrate a novel mechanism of Emodin inhibiting EMT in al-
veolar epithelial cells via suppressing NE-mediated Notch1 cleavage.

2  | MATERIAL S AND METHODS

2.1 | Cell line and cell treatment

Rats alveolar type II epithelial cell line RLE-6TN (ATCC® CRL-2300™) 
and human alveolar epithelial cell line A549 (ATCC® CCL-185™) were 
obtained from ATCC (Manassas, VA, USA). RLE-6TN cells were cul-
tured in Ham's F12 medium with 2 mM L-glutamine supplemented 
with 0.01  mg/ml bovine pituitary extract, 0.005  mg/ml insulin, 
2.5  ng/ml insulin-like growth factor, 0.00125  mg/ml transferrin, 
2.5  ng/ml EGF (90%) and 10% FBS. A549 were cultured in  F-12K 
Medium with 10% FBS. Cells were cultured at 37℃ in 5% CO2. 
The lung epithelial ell lines were authenticated using immunofluo-
rescence staining (IF staining) with anti-proSPC (ab90716; Abcam, 
Cambridge, UK).

Recombinant mouse NE protein (4517-SE-010) was obtained 
from R&D Systems (Minneapolis, MN, USA) and used to treat RLE-
6TN cells and A549 cells at concentrations of 50  nM, 100  nM or 
200  nM. For Emodin treatment, Emodin (Sigma-Aldrich, St. Louis, 
MI, USA) was firstly dissolved in DMSO (Sigma-Aldrich) and further 
diluted to 10 µg/ml.16 The final DMSO concentration was less than 
0.1% (v/v). Sivelestat (S7198; Sigma-Aldrich), a neutrophil elastase 
inhibitor, was used to treat RLE-6TN cells at a density of 100 µg/
ml. The γ-Secretase Inhibitors DAPT (ab120633, Abcam) was used 
as notch pathway inhibitor to RLE-6TN cells at a density of 50 nM.

2.2 | Immunoblotting analysis

Cells were transfected and/or treated and then lysed in lysis buffer 
(Beyotime, Shanghai, China). For nucleus protein isolation, cells were 
lysed by Nuclear and Cytoplasmic Protein Extraction Kit (Beyotime, 
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China) according to the manufacture's instruction. The cell protein 
extracts (30 ~ 50 µg) were separated by sodium dodecylsulphate-
polyacrylamide gel electrophoresis (SDS-PAGE) electrophoretically 
transferred onto polyvinylidene difluoride membranes, which were 

then blocked with 5% non-fat dried milk in TBS-T and then incubated 
with proper primary antibodies listed below: anti-α-SMA (14395-
1-AP; ProteinTech, Rosemont, IL, USA), anti-vimentin (60330-
1-lg; ProteinTech), anti-E-cadherin (20874-1-AP; ProteinTech), 

F I G U R E  1   NE (ELA2) induces the epithelial-mesenchymal transition (EMT) in RLE-6TN and A549 cells. (A) RLE-6TN and A549 cells were 
authenticated using immunofluorescence staining (IF staining) with anti-proSPC. Next, the cells were treated with PBS, 50, 100 or 200 nM 
NE and examined for (B) the microscopic appearance; (C) the protein levels of α-SMA, vimentin and E-cadherin were determined using 
Immunoblotting; (D) the protein levels of Notch1 were determined using Immunoblotting. *P < .05, **P < .01
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anti-Notch1 (ab83232; Abcam), anti-C-MYC (ab32072; Abcam), 
anti-HES1 (ab71559; Abcam), anti-HEY1 (ab22614; Abcam), anti-
GAPDH (60004-1-lg, ProteinTech, USA), anti-Histone H3(17168-
1-AP, ProteinTech) and anti-β-actin (60008-1-lg, ProteinTech). After 
washing with TBST buffer, the membranes were incubated with the 
appropriate secondary antibodies. Immunoreactive proteins were 
visualized using enhanced chemiluminescence (ECL) techniques.

2.3 | Polymerase Chain Reaction (PCR)-
based analysis

Total RNA was isolated from target cells (transfected and/or treated) 
using the RNeasy mini kit (Qiagen, Chatsworth, CA) following the 
protocols. A GeneAmp RNA PCR Core Kit (Applied Biosystems, 
Tokyo, Japan) was used to convert the total RNA to cDNA follow-
ing the protocols. The expression of Notch1 mRNA was then deter-
mined using SYBR Premix Ex Taq (TaKaRa, Shiga, Japan). The relative 
gene expression of Notch1 mRNA was calculated using the 2−∆∆Ct 
method using the GAPDH expression as an initial control.

2.4 | IF staining

For the authentication of RLE-6TN and A549 cells and the detection 
of Notch-1 nuclear translocation, IF staining was carried out using anti-
proSPC (ab90716, Abcam) and anti-Notch1 (ab52627; Abcam), respec-
tively, following the methods described in our previous study.16 DAPI 
(Beyotime, China) was used to stain nuclei before capturing images. 
The images were acquired using a fluorescence microscope (Nikon, 
Japan). The green fluorescence indicated proSPC or Notch-1 protein, 
respectively, and the blue fluorescence indicated nuclei.

2.5 | Determination of neutrophil elastase activity

The neutrophil elastase activity was examined using an Neutrophil 
Elastase Activity Assay Kit (Fluorometric, ab204730, Abcam) ac-
cording to the methods described before.7

2.6 | Statistical analysis

Data are processed using GraphPad software and presented as the 
mean ± SD of results from at least three independent experiments. 

A Student t test was used for statistical comparison between means 
where applicable. Differences among more than two groups in the 
above assays were estimated using one-way ANOVA. *P  <  .05; 
**P < .01.

3  | RESULTS

3.1 | NE (ELA2) induces the EMT within RLE-6TN 
and A549 cells

Before investigate the functions of NE in EMT and Notch1 cleav-
age in RLE-6TN and A549 cells, the study first authenticated the 
lung epithelial cells by examining the alveolar epithelial type II cell 
marker pro-surfactant protein C (proSPC) using IF staining; as shown 
in Figure 1A, strong expression of the alveolar epithelial type II cell 
marker proSPC was observed. Next, we treated the RLE-6TN and 
A549 cells with PBS or 50, 100 or 200 nM NE and examined for the 
changes in the microscopic appearance and EMT markers. Under the 
microscope, the RLE-6TN and A549 cells lost the round-shape and 
NE treatment dose-dependently induced the morphology of cells 
becoming fibroblast-like spindle-shaped (Figure  1B). Consistently, 
NE treatment dose-dependently enhanced the protein contents of 
myofibroblast markers (mesenchymal markers), α-SMA and vimentin, 
and suppressed the protein contents of epithelial marker, E-cadherin 
(Figure 1C). As for the effects of NE treatment on Notch1 cleavage, 
NE treatment also dose-dependently increased Notch1 protein lev-
els (Figure 1D). These data suggest that NE treatment could induce 
EMT in RLE-6TN and A549 cells; Notch1 signalling pathway could 
contribute to NE-induced EMT.

3.2 | NE induces Notch1 cleavage to enhance the 
EMT within RLE-6TN and A549 cells

To investigate the specific roles of Notch1 in NE-induced EMT, we 
transfected si-Notch1 to generate Notch1 knockdown within RLE-
6TN and A549 cells, then performed real-time PCR (Figure 2A) and 
Immunoblotting (Figure  2B) to verify the transfection efficiency. 
Next, we transfected RLE-6TN and A549 cells with si-Notch1 
under the treatment of PBS or NE and applied for further experi-
ments. NE treatment significantly enhanced the protein levels of 
α-SMA and vimentin and inhibited the protein level of E-cadherin, 
while Notch1 knockdown exerted an opposing effect (Figure 2C); 
the effects of NE treatment on EMT markers were significantly 

F I G U R E  2   NE induces Notch1 cleavage to enhance the EMT in RLE-6TN and A549 cells. Notch1 knockdown was generated in RLE-
6TN and A549 cells by transfection of si-Notch1. The transfection efficiency was validated by (A) real-time PCR and (B) Immunoblotting. 
Next, RLE-6TN and A549 cells were transfected with si-Notch1 under the treatment of PBS or NE and examined for (C) the protein levels 
of α-SMA, vimentin and E-cadherin were measured using Immunoblotting; (D) the protein content and the distribution of Notch1 were 
determined using IF staining; (E) the protein levels of NICD in nucleus and Notch1 in cytoplasm were determined using Immunoblotting; (F) 
the protein levels of Notch1, C-MYC, HES1 and HEY1 were determined using Immunoblotting. *P < .05, **P < .01, compared to the control 
group; ##P < .01, compared to the PBS + si-Notch1 group
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reversed by Notch1 knockdown (Figure  2C). These data suggest 
that Notch1 indeed affects NE-induced EMT within RLE-6TN and 
A549 cells.

To investigate the underlying mechanism, we examined whether 
NE treatment could affect Notch1 cleavage and Notch1 intracellu-
lar cytoplasmic domain (NICD) nucleus translocation. As shown in 
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Figure 2D, IF staining showed that NE treatment enhanced the fluo-
rescence intensity representing Notch1 both in RLE-6TN and A549 
cell nucleus and cytoplasm; however, the enhancement showed to be 
more significant within the nucleus. On the contrary, Notch1 knock-
down attenuated the fluorescence intensity representing Notch1. 
These data indicate that NE treatment induced NICD nuclear trans-
location. This was further evidenced by the Immunoblotting analysis 
that NE treatment increased, while Notch1 knockdown decreased 
the protein ratio of nucleus NICD/ cytoplasmic Notch1 (Figure 2E). 
Moreover, NE treatment also increased the protein levels of Notch1 
and Notch1 cleavage downstream factors, including C-MYC, HES1 
and HEY1, while Notch1 knockdown decreased these protein lev-
els. Notably, the above-described effects of NE treatment were all 
significantly reversed by Notch1 knockdown (Figure 2F), indicating 
that NE enhances Notch1 cleavage and NICD nuclear translocation, 
therefore promoting EMT.

3.3 | Effects of Emodin on NE-induced Notch1 
cleavage and EMT in RLE-6TN and A549 cells

As previously reported, Emodin could inhibit the inducible effects 
of TGF-β1 on Notch-1 nuclear translocation within RLE-6TN cells.16 
Moreover, by screening previous experimental results from the 
online Protein-Protein Interaction database, ChEMBL (www.ebi.
ac.uk/chemb​l/) and BindingDB (www.bindi​ngdb.org), we found that 
Emodin targets several proteins, including NE (ELA2) (Figure  S1). 
Thus, the study speculates that Emodin affects NE-induced Notch1 
cleavage to modulate EMT within RLE-6TN and A549 cells. To verify 
this speculation, we treated RLE-6TN and A549 cells with NE or 
co-treated with NE and Emodin and performed further analyses. 
Firstly, Emodin treatment significantly inhibited NE enzyme activ-
ity, which was partially reversed by NE treatment (Figure  3A). In 
the meantime, Emodin decreased the protein levels of α-SMA and 

F I G U R E  3   Effects of Emodin on NE-induced Notch1 cleavage and EMT in RLE-6TN and A549 cells. RLE-6TN and A549 cells were treated 
with NE or co-treated with NE and Emodin and examined for (A) the NE enzymatic activity using a Neutrophil Elastase Activity Assay Kit; (B) 
the protein levels of α-SMA, vimentin and E-cadherin were determined using Immunoblotting; (C) the protein levels of NICD in nucleus and 
Notch1 in cytoplasm were determined using Immunoblotting; (D) the protein levels of Notch1, C-MYC, HES1 and HEY1 were determined 
using Immunoblotting. *P < .05, **P < .01, compared to the control group; #P < .05, ##P < .01, compared to the PBS + Emodin group
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vimentin (mesenchymal markers), and increased the protein level 
of E-cadherin (epithelial marker); the effects of Emodin on EMT 
markers were significantly reversed by NE treatment (Figure  3B). 
Regarding the Notch1 cleavage, Emodin inhibited NICD/Notch1 
protein ratio, while NE treatment reversed the effects of Emodin 
on NICD/Notch1 protein ratio (Figure  3C). Consistently, Emodin 
also decreased the protein levels of Notch1 downstream factors, in-
cluding C-MYC, HES1 and HEY1, while NE treatment significantly 
reversed the effects of Emodin on these proteins (Figure 3D), indi-
cating that Emodin inhibits NE-induced Notch1 cleavage, therefore 
inhibiting EMT within RLE-6TN and A549 cells.

3.4 | Emodin inhibits NE enzyme activity to inhibit 
NE-caused EMT within RLE-6TN cells

To further confirm the above-described findings, we divided 
RLE-6TN cells into four groups and treated them with PBS, NE 
along, Emodin  +  NE or Sivelestat (a neutrophil elastase inhibi-
tor) + Emodin + NE, respectively. As shown in Figure 4A, NE treat-
ment up-regulated the protein contents of α-SMA and vimentin 
(mesenchymal markers) and decreased those of E-cadherin (epithe-
lial marker), whereas the effects of NE on EMT markers were re-
markably attenuated by Emodin treatment and more attenuated by 
the combination of Emodin and Sivelestat (Figure 4A). Regarding the 
Notch1 cleavage, NE treatment remarkably enhanced the protein 
ratio of NICD/Notch1, and Notch1 cleavage downstream factors, 

including C-MYC, HES1 and HEY1, while the inducible effects of NE 
on these proteins were attenuated by Emodin treatment and more 
attenuated by the combination of Emodin and Sivelestat (Figure 4B-
C). These data indicate that Emodin impairs the enzyme activity of 
NE, therefore inhibiting NE-induced Notch1 cleavage and EMT in 
RLE-6TN cells.

3.5 | Inhibition of Notch1 pathway further 
enhances the effects of Emodin on NE-induced EMT

To further investigate the role of Notch1 cleavage during the NE-
induced EMT process, we divided RLE-6TN cells into four groups and 
treated them with PBS, NE along, Emodin + NE or DAPT (Notch1 
inhibitor) + Emodin + NE, respectively. As shown in Figure 5A, NE 
treatment up-regulated the protein contents of α-SMA and vimen-
tin, and decreased those of E-cadherin, whereas the effects of NE 
on EMT markers were remarkably attenuated by Emodin treatment 
and more attenuated by the combination of Emodin and DAPT 
(Figure 5A). Regarding the Notch1 cleavage, NE treatment remark-
ably enhanced the protein ratio of NICD/Notch1, and Notch1 cleav-
age downstream factors, including C-MYC, HES1 and HEY1, while 
the inducible effects of NE on these proteins were reduced by 
Emodin treatment and more reduced by the combination of Emodin 
and DPAT (Figure 5B-C). These data indicate that Emodin inhibited 
NE-induced EMT in RLE-6TN cells via suppressing the Notch1 path-
way activity (Notch1 cleavage).

F I G U R E  4   Emodin affects NE enzyme activity to modulate EMT in RLE-6TN cells. RLE-6TN cells were divided into four groups and 
treated with PBS, NE along, Emodin + NE, or Sivelestat + Emodin +NE and examined for (A) the protein levels of α-SMA, vimentin and 
E-cadherin using Immunoblotting; (B) the protein levels of NICD in nucleus and Notch1 in cytoplasm were measured using Immunoblotting; 
(C) the protein levels of C-MYC, HES1 and HEY1 were measured using Immunoblotting. **P < .01, compared to the control group; ##P < .01, 
compared to the NE + Emodin group
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4  | DISCUSSION

Herein, NE treatment was observed to promote EMT, Notch1 cleav-
age and NICD nuclear translocation within RLE-6TN and A549 cell 
lines. The promotive roles of NE treatment in these events were 
significantly reversed by Notch1 knockdown. Emodin treatment 
remarkably inhibited the enzyme activity of NE, suppressed EMT, 
Notch1 cleavage and NICD nuclear translocation within RLE-6TN 
and A549 cells, while NE treatment significantly reversed the ef-
fects of Emodin. Moreover, the effects of NE on EMT, Notch1 cleav-
age and NICD nuclear translocation were remarkably attenuated 
by Emodin treatment and more attenuated by the combination of 
Emodin and Sivelestat or DAPT.

Neutrophils are involved in the pathogenic processing of both 
IPF (idiopathic pulmonary fibrosis) and bleomycin (BLM)-induced 
pulmonary fibrosis.26-28 As an elastolytic enzyme with a wide range 
of substrates, neutrophil elastase (NE) can digest most proteins 
and appear to play a role in certain human pulmonary injury.29 It is 
known that NE level within BAL (bronchoalveolar lavage) fluides is 
increased in IPF, suggesting that NE elevation may be involved in the 
pathogenesis.23 In the present study, we first found that NE might be 
a target protein of Emodin, which might suppress the TGF-β1-caused 
EMT through inhibiting Notch1 nuclear translocation within alveolar 
epithelial cells, according to ChEMBL (www.ebi.ac.uk/chemb​l/) and 
BindingDB (www.bindi​ngdb.org) Protein-Protein Interaction data-
bases. Regarding EMT, another group has reported that polymor-
phonuclear neutrophils or NE could induce the polygonal epithelial 
morphology of the ovarian cancer cells becoming spindle-shaped, of 
which the most likely cause was membrane E-cadherin degradation 
that led to loss of cellular contacts and polarity.30 Herein, we also 

observed the polygonal epithelial morphology of RLE-6TN cells be-
coming spindle-shaped. Moreover, the mesenchymal markers were 
increased while epithelial maker was decreased by NE treatment, 
indicating that NE treatment also induces EMT in alveolar epithelial 
cell lines.

In addition to EMT markers, NE treatment also dramatically 
up-regulated the protein levels of Notch1, one membrane recep-
tors of the Notch signalling. Notch elicits myofibroblast differ-
entiation of alveolar epithelial cells via a TGF-β-Smad3 signalling 
pathway activating SMA gene transcription.3 It has been reported 
that Notch1 activation directly stimulates the expression of α-SMA 
to induce myofibroblast differentiation.31 Notably, as previously 
reported, Emodin could regulate Notch pathway.32,33 In the OVA-
induced asthma mice model, Notch1, Notch2 and Notch3 were all 
highly expressed in the lung tissues. In response to the OVA and 
Emodin treatment, Notch1 shows greater changes compared to 
Notch 2 and Notch 3 in the lung tissues.34 Similarly, in the pres-
ent study, we also observed that Emodin down-regulated Notch 
2 and Notch 3 in the presence or absence of NE. However, the 
change in Notch1 protein level shows greater extent (Figure  S2), 
suggesting that Notch1 may play the main role among other notch 
receptors. Moreover, we also found that Emodin down-regulated 
Notch-1 and C-MYC expression to suppress EMT. In addition, as a 
Notch-1-specific inhibitor, DAPT obviously enhanced the function 
of Emodin upon Notch pathway and EMT.16 Herein, NE treatment 
significantly up-regulated the protein contents of NICD, Notch1 
cleavage downstream factors, including HES1, HEY1 and MYC, 
and the nuclear fluorescence intensity representing NICD. On the 
contrary, Notch1 knockdown within RLE-6TN cells remarkably 
reversed the effects of NE treatment, indicating that NE might 

F I G U R E  5   DAPT further enhanced 
the Effects of Emodin on NE-induced 
EMT RLE-6TN cells were divided into four 
groups and treated with PBS, NE along, 
Emodin + NE or DAPT + Emodin +NE 
and examined for (A) the protein levels 
of α-SMA, vimentin and E-cadherin using 
Immunoblotting; (B) the protein levels of 
NICD in nucleus and Notch1 in cytoplasm 
were measured using Immunoblotting; 
(C) the protein levels of C-MYC, HES1 
and HEY1 were measured using 
Immunoblotting. **P < .01, compared to 
the control group; ##P < .01, compared to 
the NE + Emodin group

http://www.ebi.ac.uk/chembl/
http://www.bindingdb.org
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promote EMT within RLE-6TN cells by promoting Notch1 cleavage 
and NICD nuclear translocation. Notably, Duan et al35 reported 
that a new, widely expressed gene, N2N, whose product is homol-
ogous to Notch 2, could interact with neutrophil elastase and is a 
target of NE. Moreover, they also figured out that co-expressed 
N2N represses the transcriptional activities of both Notch1 and 
Notch2 intracellular domains, indicating that there is a functional 
relationship between N2N and Notch family proteins.35 Thus, it is 
reasonable to speculate that the effects of NE on the Notch1 sig-
nalling might also be related to the novel Notch protein N2N, which 
needs further investigation.

As revealed by ChEMBL (www.ebi.ac.uk/chemb​l/) and BindingDB 
(www.bindi​ngdb.org) Protein-Protein Interaction databases re-
trieval, NE is a target protein of Emodin, which might suppress TGF-
β1–induced EMT through inhibiting Notch1 nuclear translocation 
within RLE-6TN cells in our previous study.16 Herein, we found that 
Emodin remarkably inhibited NE enzyme activity. More importantly, 
NE-induced EMT and Notch1 cleavage were significantly attenu-
ated by Emodin, and even more attenuated by the combination of 
Emodin and NE inhibitor Sivelestat. These data indicate that Emodin 
could inhibit NE enzyme activity, therefore suppressing NE-induced 
Notch1 cleavage and EMT.

In conclusion, we revealed the involvement of NE-induced 
Notch1 cleavage in the functions of Emodin suppressing NE-caused 
EMT in RLE-6TN cells. This novel mechanism of Emodin inhibiting 
EMT might extend the application of Emodin in PF treatment.
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