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Abstract 

Background: Cigarettes smoking and IL-17A contribute to chronic obstructive pulmonary disease (COPD), and have 
synergistical effect on bronchial epithelial cell proliferation. CCAAT/enhancer-binding protein β (C-EBPβ) could be 
induced by IL-17A and is up-regulated in COPD. We explored the effect of cigarettes and IL-17 on bronchial epithelial–
mesenchymal transition (EMT) in COPD mice and potential mechanism involved with C-EBPβ in this study.

Methods: COPD model was established with mice by exposing to cigarettes. E-Cadherin, Vimentin, IL-17A and 
C-EBPβ distributions were detected in lung tissues. Primary bronchial epithelial cells were separated from health mice 
and cocultured with cigarette smoke extract (CSE) or/and IL-17A. E-Cadherin, Vimentin and IL-17 receptor (IL-17R) 
expressions in vitro were assessed. When C-EBPβ were silenced by siRNA in cells, E-Cadherin, Vimentin and C-EBPβ 
expressions were detected.

Results: E-Cadherin distribution was less and Vimentin distribution was more in bronchus of COPD mice than con-
trols. IL-17A and C-EBPβ expressions were higher in lung tissues of COPD mice than controls. In vitro, C-EBPβ protein 
expression was highest in CSE + IL-17A group, followed by CSE and IL-17A groups. E-cadherin expression in vitro was 
lowest and Vimentin expression was highest in CSE + IL-17A group, followed by CSE or IL-17A group. Those could be 
inhibited by C-EBPβ silenced.

Conclusions: C-EBPβ mediates in cigarette/IL-17A-induced bronchial EMT in COPD mice. Our findings contribute to 
a better understanding on the progress from COPD to lung cancers, which will provide novel avenues in preventing 
tumorigenesis of airway in the context of cigarette smoking.
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Introduction
Patients with COPD are shown an increase risk of lung 
cancer [1]. Epithelial–mesenchymal transition (EMT) 
in airway was found in COPD, which plays an impor-
tant role in tumorigenesis [2, 3]. Cigarette smoking, the 
obvious culprit linking COPD and lung cancer [4], could 
induce epithelial–mesenchymal transition (EMT) in 
airway [5]. Previous study demonstrated that cigarette 

smoke extract (CSE) could stimulate EMT in human pul-
monary cells A549 and human bronchial cells BEAS2B, 
which was independent to TGF-β signaling [5]. Those 
findings suggest that in response to CSE exposure, 
human airway cells undergo a functional phenotypic 
shift, namely EMT, which contribute to increased colla-
gen deposition in COPD lungs [5]. Thus, we investigated 
the influence of cigarette smoking on bronchial EMT in 
COPD mice  in the present study, which may contribute 
to further understanding on the mechanism of interac-
tion between COPD and lung cancer.

Interestingly, IL-17A could promote both the develop-
ment of COPD and lung cancer [6, 7]. IL-17A could not 

Open Access

*Correspondence:  emilyyuanchu@163.com
1 Laboratory of Respiratory Disease, The Affiliated Hospital of Guilin 
Medical University, Guilin 541001, Guangxi, China
Full list of author information is available at the end of the article

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12890-021-01738-6&domain=pdf


Page 2 of 11Chu et al. BMC Pulmonary Medicine          (2021) 21:376 

only induce production of chemokine and cytokines from 
bronchial epithelial cells, but also promote airway remod-
eling and EMT [8–11]. IL-17A is a crucial component 
of immune microenvironment, in which human A549 
cells could be induced EMT and migration [12]. Previ-
ous study found that CSE could enhance IL-17 receptor 
(IL17R) expression in human bronchial epithelial cell line 
16HBE, and moreover could synergistically work with 
IL-17A to induce proliferation of 16HBE [13]. Those find-
ings indicate a synergistical effect of CSE and IL-17A on 
bronchial epithelial cell. Since CSE could induce EMT 
of bronchial epithelial cells in vitro and in vivo [14], we 
explored the effect of CSE and IL-17A on bronchial EMT 
in COPD mice model in this study.

EMT of several kinds of epithelial cells, such as mam-
mary, gastric and pancreatic cells, could be regulated by 
CCAAT/enhancer-binding protein β (C-EBPβ) [15–17]. 
C-EBPβ is a member of CCAAT/enhancer-binding pro-
tein family, which is one of transcription factors of the 
basic-leucine zipper class. It’s implicated in various cellu-
lar events including cell energy metabolism, cell prolifer-
ation and differentiation [18]. C-EBPβ also plays a critical 
role in inflammation [19]. That may be because promot-
ers of many pro-inflammatory genes contain putative 
C/EBPβ consensus sequences [20]. In airway, C-EBPβ 
plays a role in determining airway epithelial differentia-
tion [21]. Moreover, in COPD pathogenesis, C-EBPβ may 
influence long-term  respiratory outcomes by regulating 
host defenses and inflammatory response to cigarette 
smoke [22]. In advanced COPD, C-EBPβ expression in 
small airway epithelia was significantly increased, and 
exerts pro-inflammatory effects in the context of ciga-
rette smoking [23]. Interestingly, C-EBPβ expression 
could be induced by IL-17A via IL-17R [24]. Therefore, 
we further investigated C-EBPβ signaling as potential 
mechanism about the effect of CSE and IL-17 on bron-
chial EMT in vitro in this study.

Methods
Animals
Eight-week-old male C57BL/6 mice were purchased 
from Shanghai Laboratory Animal Company, (Shanghai, 
China). The mice model was established as previously 
described [25]. Briefly, ten mice in COPD group were 
exposed to five cigarettes (Nanning Jiatianxia unfiltered 
cigarettes, 12 mg of tar and 0.9 mg of nicotine) four times 
per day with 30  min smoke-free intervals in a closed 
0.75-m3 room, 5 days per week for up to 12 or 24 weeks. 
Mice tolerated CS (cigarette smoking) exposure without 
evidence of toxicity (carboxyhemoglobin levels ∼10% 
and no weight loss). An optimal smoke:air ratio of 1:6 
was obtained. Ten mice in control group were exposed to 
air. All experiments were repeated three times.

Animal experiments were approved by the Institutional 
Animal Care and Use Committee of Guilin Medical 
University and conform to National Institutes of Health 
guidelines for the use of rodents. This study was reported 
in accordance with ARRIVE guidelines.

Histology, immunohistochemistry 
and immunofluorescence staining for lung tissues
Formalin-fixed and paraffin-embedded lung tissues 
of mice were cut in sections, which were stained with 
hematoxylin and eosin (HE), Periodic acid–Schiff (PAS) 
and MASSON to respectively evaluate airway inflamma-
tion, goblet cell hyperplasia and mucous secretion, and 
extracellular matrix in the lung tissues [26].

For immunohistochemistry, lung-tissue slides were 
incubated with primary rabbit anti-mouse antibody 
against α-SMA (dilution 1:200, ab5694; Abcam, Cam-
bridge, UK), C-EBPβ (1:200, ab53138; Abcam, Cam-
bridge, UK), or rat anti-mouse antibody against IL-17 
(1:200, ab118869; Abcam, Cambridge, UK) for overnight 
at 4 °C, and then were incubated for 30 min at 37 °C each 
with horseradish peroxidase conjugated anti-rabbit or 
anti-rat IgG antibody and subsequent rinses in PBS three 
times for 5  min. 3′3-diaminobenzidine-tetrahydrochlo-
ride was applied as a chromogen for 1–5  min. Sections 
were counterstained in haematoxylin for 5–10 min.

For immunofluorescence staining, lung-tissue slides 
were incubated with primary mouse anti-mouse anti-
body against E-cadherin (1:100, ab76055; Abcam, Cam-
bridge, UK), or rabbit anti-mouse antibody against 
Vimentin (1:100, ab92547; Abcam, Cambridge, UK) at 
4 °C overnight, and then were incubated with Alexa Fluor 
594-conjugated Goat Anti-Mouse IgG(H + L)(SA00006-
3, Proteintech, IL, USA) or Alexa Fluor 594-conjugated 
Goat Anti-Rabbit IgG(H + L)(SA00006-4, Proteintech, IL, 
USA). Finally, slides were staining with DAPI (4′,6-diami-
dino-2-phenylindole) at 37  °C for 10  min. Micrographs 
were obtained using a microscope (BA210T, motic, Xia-
men, China).

Cell culture
Health mice were anaesthetized using 2% isoflurane 
inhalation and killed by cervical dislocation. The bron-
chus was isolated from lobes of lung, minced to small 
pieces and digested by 0.05% pronase (Sigma, MA, USA) 
in DMEM/F12 media (Invitrogen, CA, USA) at 4 °C over-
night. Digestion was stopped by adding FBS (Gibco, CA, 
USA). The bronchial epithelial cells were identified by 
CK-18 immunofluorescence staining.

Murine bronchial epithelial cells were cultured for 
24  h, and then were  cocultured with cigarette smoke 
extract (CSE) or/and IL-17A. CSE was prepared as pre-
viously reported [27]. Briefly, filtered cigarettes (Nanning 
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Jiatianxia unfiltered cigarettes, Guangxi, China) were 
smoked using a peristaltic pump (VWR International) 
after cutting the filters. Each cigarette was smoked with 
a 1.5  cm butt remaining. Four cigarettes were bubbled 
through 40 ml of cell growth medium, and this solution, 
regarded as 100% strength CSE. In CSE group, bron-
chial epithelial cells were induced by 20% CSE. In IL-17A 
group, the cells were induced by 50 ng/ml IL-17A (Biole-
gend, CA, USA). In CSE + IL-17A group, the cells were 
cocultured with 20% CSE and 50 ng/ml IL-17A (Bioleg-
end, CA, USA). Cells in all groups were cultured at 37 °C 
with 5%CO2 for 72 h. The cells without administration of 
CSE or IL-17A were control group.

Transfection of small interfering RNA (siRNA)
The C-EBPβ siRNA and scramble siRNA were synthe-
sized by Ribobio (Guangzhou, China). The siRNAs were 
transfected with riboFECTTM CP Reagent accord-
ing to the manufacturer’s protocol. Bronchial epithelial 
cells WT mice were transiently transfected with 20  nM 
scramble or siRNA. After transfection for 24 h at 37  °C 
in 5%  CO2, the cells were prepared as IL-17A group, CSE 
group, CSE + IL-17A group and controls as described 
above. The inhibition of C-EBPβ was identified by west-
ern blotting.

Quantitative real‑time PCR
Total RNA from lung tissues and cells were respectively 
extracted using the TRIzol reagent (Invitrogen, CA, USA) 
according to the manufacturer’s protocol, and RNA was 
reverse transcribed into cDNA (Fermentas, Ontario, 
Canada). A quantitative real-time polymerase chain reac-
tion (PCR) was performed with PIKO REAL 96 instru-
ment (Thermo, MA, USA) and the SYBGREEN PCR Mix 
Mix (Applied Biosystems, CA, USA) in accordance with 
the manufacturer’s protocol. Each set of experiments was 
repeated three times. The 30  μl PCR reactions (with 2  μl 
cDNA, 0.5 μl (10 μM) forward and 0.5 μl (10 μM) reverse 
primers, 15  μl SYBR green, and 12  μl PCR H2O) were 
undergone 10 min at 95 °C, then 40 cycles of 15 s at 95 °C 
and 60  s at 60  °C. The primers were as follows: mouse 
E-Cadherin F, 5′-GCA GTT CTG CCA GAG AAA CC-3′, and 
R, 5′-TGG ATC CAA GAT GGT GAT GA-3′; mouse Vimentin 
F, 5′-GCC AAC CTT TTC TTC CCT GA-3′, and R, 5′-TCA 
AGG TCA TCG TGA TGC TG-3′; mouse β-actin F, 5′-GAT 
CTG GCA CCA CAC CTT CT-3′, and R, 5′-CTT TTC ACG 
GTT GGC CTT AG-3′. The level of mRNA expression was 
reported as fold change using the  2−ΔΔCt method.

Western blot analysis for cells
The bronchial epithelial cells were treated with 200 μl RIPA 
for 10 min on ice, and then were centrifuged at 12,000×g 
(4  °C) for 15 min. The loaded proteins (50–170 μg) were 

separated on a 10% SDS-PAGE, followed by transfer-
ring onto PVDF membranes. The samples were blocked 
with TBS-Tween 20 (TBST) containing 5% skim milk for 
60 min at room temperature, and at 4 °C overnight, then 
30 min at room temperature. The membranes were incu-
bated with rabbit anti-mouse antibody against mouse 
C-EBPβ (1:1000, ab53138; Abcam, Cambridge, UK), 
and mouse anti-mouse  antibody against β-actin (1:5000, 
60008-1-Ig; Proteintech, IL, USA) for 90 min at room tem-
perature, and then they were incubated with horseradish 
peroxidase conjugated goat anti-rabbit (1:6000, SA00001-
2; Proteintech, IL, USA) or anti-mouse antibody (1:5000, 
SA00001-1; Proteintech, IL, USA) for 90 min at room tem-
perature. At last, blots were developed with the ECL Plus 
reagents (Thermo pierce, IL, USA).

Immunohistochemistry and immunofluorescence staining 
for cells
For immunohistochemistry, the slides of cells were incu-
bated with primary rabbit anti-mouse antibody against 
IL-17R (1:50, ab180904; Abcam, Cambridge, UK) at 
4  °C overnight, and then were incubated with horserad-
ish peroxidase conjugated goat anti-rabbit IgG antibody 
(PV-9000, Zisbio, Beijing, China) at 37  °C for 30  min. 
After rinsing with PBS for three times, 3′3-diaminoben-
zidine-tetrahydrochloride was applied on the slides as a 
chromogen for 1–5  min. Slides were counterstained in 
haematoxylin for 5–10 min.

For immunofluorescence, the slides of cells were incu-
bated with primary mouse anti-mouse  antibody against 
Cytokeratin18 (1:50, ab668; Abcam, Cambridge, UK), 
mouse anti-mouse  antibody against  E-cadherin (1:50, 
ab76055; Abcam, Cambridge, UK), or rabbit anti-mouse 
antibody against Vimentin (1:50, ab92547; Abcam, Cam-
bridge, UK) at 4 °C overnight, and then were incubated with 
Alexa Fluor 594-conjugated Goat Anti-Mouse IgG(H + L)
(SA00006-3, Proteintech, IL, USA) or Alexa Fluor 594-con-
jugated Goat Anti-Rabbit IgG(H + L)(SA00006-4, Pro-
teintech, IL, USA). Finally, slides were stained with DAPI 
(4′,6-diamidino-2-phenylindole) at 37 °C for 10 min.

Statistical analysis
Group data were expressed as the mean ± standard devi-
ation (SD). Significant differences were evaluated using 
t-test. P values < 0.05 were considered to be statistically 
significant. Statistical analyses were performed using 
SPSS 21.0 (IBM SPSS Inc., Chicago, IL, USA).

Results
Cigarettes smoking induces airway inflammation 
and airway remolding of COPD mice
In lung tissues, COPD mice had an increased inflam-
mation (Fig.  1a), extracellular matrix (Fig.  1b), smooth 
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muscle thickening (Fig.  1c), goblet cell hyperplasia 
(Fig. 1d) and mucous secretion (Fig. 1d) when compared 
with controls. The mean linear intercept (MLI) and 
destructive index in COPD mice were larger than that 
in controls (MLI: COPD vs. controls = 74.58 ± 4.81 vs. 
64.92 ± 5.40, P = 0.001; destructive index: COPD vs. con-
trols = 36.37 ± 6.94 vs. 27.24 ± 5.54, P = 0.004).

In lung tissues, COPD mice had an increased expres-
sion of IL-17A (Fig. 1e) and C-EBPβ (Fig. 1f ) compared 
with controls.

Cigarettes smoking induces airway EMT of COPD mice
Immunofluorescence staining showed that E-Cadherin 
distribution (Fig.  2a) was decreased and Vimentin dis-
tribution (Fig.  2c) was increased in bronchus of COPD 
group when compared with controls (Fig.  2b, d). The 
mRNA expressions of E-Cadherin and Vimentin in lung 
tissues were in consistent with the protein distributions 
from immunofluorescence staining (Fig. 3a, b).

Cigarette and IL‑17A synergistically induces IL‑17R 
expression in bronchial epithelial cells
The primary murine bronchial epithelial cells were iden-
tified by immunofluorescence staining of Cytokeratin18 
(Fig. 4).

The expression of IL-17R in bronchial epithelial cells 
was higher in CSE group and IL-17A group than con-
trols. It’s even higher in CSE + IL-17A group than CSE 
group or IL-17A group (Fig. 5). These results suggest that 
CSE or IL-17A could induce IL-17R expression in bron-
chial epithelial cells. And CSE plays a synergistical role 
with IL-17A in inducing the IL-17R expression.

Cigarette and IL‑17A synergistically induces epithelial–
mesenchymal transition of bronchial epithelial cells
The protein expression of E-cadherin in bronchial epithe-
lial cells was decreased in CSE group (Fig. 6b) and IL-17A 
group (Fig.  6c), when compared with controls (Fig.  6a). 
E-cadherin expression was lower in CSE + IL-17A group 
(Fig.  6d) than CSE group or IL-17A group. In contrast, 
the protein expression of Vimentin in bronchial epithe-
lial cells was enhanced in CSE group (Fig. 6f ) and IL-17A 
group (Fig.  6g) compared with controls (Fig.  6e). The 
Vimentin expression was higher in CSE + IL-17A group 
(Fig.  6h) than CSE group or IL-17A group. The mRNA 
expressions of E-Cadherin and Vimentin in bronchial 
epithelial cells were the same as the protein expressions 
(Fig.  3c, d).  These results indicate that CSE or IL-17A 
could induce bronchial EMT, and both of CSE and IL-
17A synergistically promote the bronchial EMT.

Fig. 1 Histology and Immunohistochemistry of lung tissues. a HE staining. b MASSON staining. c α-SMA staining. d PSA staining. e IL-17A+ cells. f 
C-EBPβ+ cells. (× 400 magnification)
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C‑EBPβ is activated by CSE and IL‑17A
The protein expression of C-EBPβ in bronchial epithe-
lial cells was higher in CSE group and IL-17A group 
than controls. It’s higher in CSE + IL-17A group than 
CSE group or IL-17A group (Fig.  7a, b). This result 
suggests that C-EBPβ is up-regulated by CSE or IL-
17A. CSE could coordinate with IL-17A in C-EBPβ up-
regulation. When C-EBPβ siRNA was transfected into 
the cells, C-EBPβ protein expression was significantly 
reduced (Fig. 7c, d).

C‑EBPβ mediates in CSE/IL‑17A‑induced epithelial–
mesenchymal transition of bronchial epithelial cells
When C-EBPβ was interfered, the E-cadherin protein 
expression in CSE group (Fig. 8e), IL-17A group (Fig. 8f ) 
or CSE + IL-17A group (Fig.  8g) was higher than those 
in siRNA-controls (Fig. 8b–d). In contrast, the Vimentin 
protein expression in CSE group (Fig. 8l), IL-17A group 
(Fig. 8m) or CSE + IL-17A group (Fig. 8n) was lower than 
those in siRNA-controls (Fig.  8i–k). These results indi-
cate that when C-EBPβ is inhibited, the bronchial EMT 

Fig. 2 Immunohistochemistry of E-cadherin and Vimentin in lung tissues. a COPD group: E-Cadherin. b Control group: E-Cadherin. c COPD group: 
Vimentin. d Control group: Vimentin. (×400 magnification)
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Fig. 3 E-cadherin and Vimentin mRNA expressions. a E-Cadherin expression in lung tissues. b Vimentin expression in lung tissues. c E-Cadherin 
expression in bronchial epithelial cells. d Vimentin expression in bronchial epithelial cells. *P < 0.05

Fig. 4 Cells identification by immunofluorescence staining of CK-18. (× 400 magnification)
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Fig. 5 Immunohistochemistry staining of IL-17R in bronchial epithelial cells. a Control group. b CSE group. c IL-17A group. d CSE + IL-17A group. 
(× 400 magnification)

Fig. 6 Immunofluorescence staining of E-cadherin and Vimentin in bronchial epithelial cells. a Control group: E-cadherin. b CSE group: E-cadherin. 
c IL-17A group: E-cadherin. d CSE + IL-17A group: E-cadherin. e Control group: Vimentin. f CSE group: Vimentin. g IL-17A group: Vimentin. h 
CSE + IL-17A group: Vimentin. (× 400 magnification)
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is reduced. The mRNA expressions of E-Cadherin and 
Vimentin in bronchial epithelial cells were in consist-
ent with the protein expressions (Fig.  3c, d).  Thus, the 
CSE and IL-17A synergistically induces bronchial EMT 
through C-EBPβ signaling.Thus, the CSE and IL-17A 
synergistically induces bronchial EMT through C-EBPβ 
signaling.  

Discussion
Our study demonstrated an increased expression of IL-
17A and C-EBPβ in lung tissues, and an enhanced bron-
chial EMT of COPD mice. In in  vitro study, we further 
found an increased expression of C-EBPβ and IL-17R in 
murine bronchial epithelial cells when induced by CSE 
and IL-17A. When C-EBPβ was inhibited, CSE and IL-
17A-induced EMT in murine bronchial epithelial cells 
was reduced. These results suggest that cigarette and 
IL-17A could synergistically induce bronchial EMT via 
C-EBPβ signaling in COPD mice.

In our study, COPD mice had an increased inflamma-
tion, extracellular matrix, smooth muscle thickening, 
goblet cell hyperplasia and mucous secretion in lung 
tissues when compared with controls. The IL-17+ cells 
were more expressed in lung tissues of COPD mice than 
controls. These results suggest that in our model, IL-17 
may promote pathological changes of lung in COPD, 
which consistent with previous findings in lung tissues 

of COPD patients [6]. Moreover, E-Cadherin distri-
bution was decreased and Vimentin distribution was 
increased in bronchus of COPD group when compared 
with controls. And the mRNA expressions of E-Cadherin 
and Vimentin in lung tissues confirmed those findings. 
The decrease of E-cadherin expression and increase of 
Vimentin expression could indicate bronchial EMT [28]. 
Thus, IL-17 may contribute to bronchial EMT in COPD.

We further investigated the effect of CSE and IL-17A 
on bronchial EMT with separated murine bronchial 
epithelial cells. E-Cadherin expression was lowest and 
Vimentin expression was highest in bronchial epithelial 
cells when induced by CSE + IL-17A, followed by CSE 
group and IL-17A group. Those suggest that cigarette 
smoking and IL-17A could synergistically induce EMT in 
bronchial epithelial cells. Our in vitro study also showed 
an increased expression of IL-17R in bronchial epithelial 
cells when induced by CSE or/and IL-17A, further dem-
onstrating a possible effect of IL-17A and CSE on bron-
chial epithelial cells.

Moreover, we explored the mechanism how IL-17A 
and CSE influence the EMT of bronchial epithelial cells. 
In the present study, the C-EBPβ+ cells in lung tissues 
of COPD mice distributed more than controls, which 
was further confirmed by protein expression using west-
ern blotting. That was consistent with previous report 
that C-EBPβ expression in small airway epithelia was 

Fig. 7 The protein expression of C-EBPβ in bronchial epithelial cells. a and b C-EBPβ expression without C-EBPβ-siRNA interfered. c and d C-EBPβ 
protein expression after C-EBPβ-siRNA interfered. *P < 0.05
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increased in COPD, and could be regulated by IL-17A via 
IL-17R [23, 24]. Thus, the mechanism of IL-17A/ C-EBPβ 
in airway epithelia cells was further investigated in vitro 
in our study.

Furthermore, in in  vitro study, we found that CSE or 
IL-17A could up-regulate C-EBPβ protein expression 
in bronchial epithelial cells, and CSE combined with 
IL-17A could induce highest expression of C-EBPβ pro-
tein. Those findings suggest that C-EBPβ should be the 
downstream of CSE/IL-17A in bronchial epithelial cells. 
C-EBPβ activation could be stimulated by CSE combined 

with IL-17A in bronchial epithelial cells. Interestingly, 
when C-EBPβ was silenced by siRNA in bronchial epithe-
lial cells, the EMT was decreased when compared with 
those without C-EBPβ silenced. Those results further 
confirmed C-EBPβ as the downstream of CSE/IL-17A-in-
duced EMT in bronchial epithelial cells.

In lung cancers, EMT activity was found similar in 
squamous cell- and adeno-carcinomas [29], and poor 
patients’ outcomes were correlated with increased EMT 
[30]. Those findings demonstrate that EMT is an impor-
tant histopathological process in lung tumorigenesis. 

Fig. 8 Immunofluorescence staining of E-cadherin and Vimentin in bronchial epithelial cells after silenced C-EBPβ. a Control group: E-cadherin. 
b CSE + scramble group: E-cadherin. c IL-17A + scramble group: E-cadherin. d) CSE + IL-17A + scramble group: E-cadherin. e CSE + siRNA group: 
E-cadherin. f IL-17A + siRNA group: E-cadherin. g CSE + IL-17A + siRNA group: E-cadherin. h Control group: Vimentin. i CSE + scramble group: 
Vimentin. j IL-17A + scramble group: Vimentin. k CSE + IL-17A + scramble group: Vimentin. l CSE + siRNA group: Vimentin. m IL-17A + siRNA group: 
Vimentin. n CSE + IL-17A + siRNA group: Vimentin (× 400 magnification)
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Interestingly, EMT of human lung epithelial cells could 
be medicated by C-EBPβ [31], which also participate 
tumorigenesis in lung [32]. Thus, C-EBPβ may be a 
potential target to prevent tumorigenesis of airway 
in the context of cigarette smoking. Since pathologi-
cal association of smoking with the development of 
COPD and then lung cancer may well have links with 
EMT and its downstream pathways, and COPD itself is 
a strong risk factor for lung cancer [33], findings from 
our study may provide a noval target in inhibiting lung 
cancer developing from COPD.

Conclusions
In conclusion, C-EBPβ mediates in cigarette/IL-17A-in-
duced bronchial EMT in COPD mice. Our findings 
contribute to a better understanding on the interaction 
between COPD and lung cancers, which will provide 
novel avenues in preventing tumorigenesis of airway in 
the context of cigarette smoking.

Abbreviations
COPD: Chronic obstructive pulmonary disease; C-EBPβ: CCAAT/enhancer-
binding protein β; EMT: Epithelial–mesenchymal transition; CSE: Cigarette 
smoke extract; IL-17R: IL-17 receptor; HE: Hematoxylin and eosin; PAS: Periodic 
acid–Schiff.

Acknowledgements
Not applicable.

Authors’ contributions
SC designed the study. SC, LM, YW, XZ, BX and QP contributed to the experi-
ment. YW and SC performed statistical analyses. SC wrote the manuscript. All 
authors read and approved the final manuscript..

Funding
This work was supported by grants from the National Natural Science Founda-
tion of China (No. 81760012), the Guangxi Natural Science Foundation (No. 
2017GXNSFBA198069) in China. The founders do not play a role in the design 
of the study and collection, analysis, and interpretation of data and in writing 
the manuscript.

Availability of data and materials
The datasets used and/or analyzed during the current study are available from 
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
The study was approved by the Institutional Animal Care and Use Committee 
of Guilin Medical University. Consent to participate is not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1 Laboratory of Respiratory Disease, The Affiliated Hospital of Guilin Medi-
cal University, Guilin 541001, Guangxi, China. 2 Department of Respiratory 
and Critical Care Medicine, The Affiliated Hospital of Guilin Medical University, 

Guilin 541001, Guangxi, China. 3 Guangxi University of Chinese Medicine, Nan-
ning 530222, Guangxi, China. 

Received: 26 August 2021   Accepted: 5 November 2021

References
 1. Mouronte-Roibás C, Leiro-Fernández V, Fernández-Villar A, Botana-Rial M, 

Ramos-Hernández C, Ruano-Ravina A. COPD, emphysema and the onset 
of lung cancer. A systematic review. Cancer Lett. 2016;382(2):240–4.

 2. Eapen MS, Sharma P, Gaikwad AV, Lu W, Myers S, Hansbro PM, et al. 
Epithelial–mesenchymal transition is driven by transcriptional and post 
transcriptional modulations in COPD: implications for disease progression 
and new therapeutics. Int J Chron Obstruct Pulmon Dis. 2019;14:1603–10.

 3. Thompson EW, Newgreen DF, Tarin D. Carcinoma invasion and 
metastasis: A role for epithelial–mesenchymal transition? Cancer Res. 
2005;65(14):5991–5 (discussion 5995).

 4. Houghton AM, Mouded M, Shapiro SD. Common origins of lung cancer 
and COPD. Nat Med. 2008;14(10):1023–4.

 5. Eurlings IM, Reynaert NL, van den Beucken T, Gosker HR, de Theije CC, 
Verhamme FM, et al. Cigarette smoke extract induces a phenotypic shift 
in epithelial cells; involvement of HIF1α in mesenchymal transition. PLoS 
ONE. 2014;9(10):e107757.

 6. Zhang J, Chu S, Zhong X, Lao Q, He Z, Liang Y. Increased expression 
of CD4+IL-17+ cells in the lung tissue of patients with stable chronic 
obstructive pulmonary disease (COPD) and smokers. Int Immunophar-
macol. 2013;15(1):58–66.

 7. Joerger M, Finn SP, Cuffe S, Byrne AT, Gray SG. The IL-17-Th1/Th17 
pathway: An attractive target for lung cancer therapy? Expert Opin Ther 
Targets. 2016;20(11):1339–56.

 8. Luo J, An X, Yao Y, Erb C, Ferguson A, Kolls JK, et al. Epigenetic regulation 
of IL-17-induced chemokines in lung epithelial cells. Mediat Inflamm. 
2019;2019:9050965.

 9. Honda K, Wada H, Nakamura M, Nakamoto K, Inui T, Sada M, et al. IL-17A 
synergistically stimulates TNF-α-induced IL-8 production in human airway 
epithelial cells: a potential role in amplifying airway inflammation. Exp 
Lung Res. 2016;42(4):205–16.

 10. Chakir J, Shannon J, Molet S, Fukakusa M, Elias J, Laviolette M, et al. Airway 
remodeling-associated mediators in moderate to severe asthma: effect of 
steroids on TGF-beta, IL-11, IL-17, and type I and type III collagen expres-
sion. J Allergy Clin Immunol. 2003;111(6):1293–8.

 11. Vittal R, Fan L, Greenspan DS, Mickler EA, Gopalakrishnan B, Gu H, et al. 
IL-17 induces type V collagen overexpression and EMT via TGF-β-
dependent pathways in obliterative bronchiolitis. Am J Physiol Lung Cell 
Mol Physiol. 2013;304(6):L401–14.

 12. Salazar Y, Zheng X, Brunn D, Raifer H, Picard F, Zhang Y, et al. Microenvi-
ronmental Th9 and Th17 lymphocytes induce metastatic spreading in 
lung cancer. J Clin Investig. 2020;130(7):3560–75.

 13. Montalbano AM, Riccobono L, Siena L, Chiappara G, Di Sano C, Anza-
lone G, et al. Cigarette smoke affects IL-17A, IL-17F and IL-17 receptor 
expression in the lung tissue: ex vivo and in vitro studies. Cytokine. 
2015;76(2):391–402.

 14. Xia H, Xue J, Xu H, Lin M, Shi M, Sun Q, et al. Andrographolide antagonizes 
the cigarette smoke-induced epithelial–mesenchymal transition and 
pulmonary dysfunction through anti-inflammatory inhibiting HOTAIR. 
Toxicology. 2019;422:84–94.

 15. Miura Y, Hagiwara N, Radisky DC, Hirai Y. CCAAT/enhancer binding 
protein beta (C/EBPβ) isoform balance as a regulator of epithelial–mes-
enchymal transition in mouse mammary epithelial cells. Exp Cell Res. 
2014;327(1):146–55.

 16. Wu SM, Lin WY, Shen CC, Pan HC, Keh-Bin W, Chen YC, et al. Melatonin set 
out to ER stress signaling thwarts epithelial mesenchymal transition and 
peritoneal dissemination via calpain-mediated C/EBPβ and NFκB cleav-
age. J Pineal Res. 2016;60(2):142–54.

 17. Cheng P, Chen Y, He TL, Wang C, Guo SW, Hu H, et al. Menin coordinates 
C/EBPβ-mediated TGF-β signaling for epithelial–mesenchymal transition 
and growth inhibition in pancreatic cancer. Mol Ther Nucleic Acids. 
2019;18:155–65.



Page 11 of 11Chu et al. BMC Pulmonary Medicine          (2021) 21:376  

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

 18. Caivano M, Gorgoni B, Cohen P, Poli V. The induction of cyclooxygenase-2 
mRNA in macrophages is biphasic and requires both CCAAT enhancer-
binding protein beta (C/EBP beta ) and C/EBP delta transcription factors. J 
Biol Chem. 2001;276(52):48693–701.

 19. Poli V. The role of C/EBP isoforms in the control of inflammatory and 
native immunity functions. J Biol Chem. 1998;273(45):29279–82.

 20. Ramji DP, Foka P. CCAAT/enhancer-binding proteins: structure, function 
and regulation. Biochem J. 2002;365(Pt 3):561–75.

 21. Roos AB, Berg T, Barton JL, Didon L, Nord M. Airway epithelial cell differen-
tiation during lung organogenesis requires C/EBPα and C/EBPβ. Dev Dyn. 
2012;241(5):911–23.

 22. Roos AB, Berg T, Nord M. A relationship between epithelial matura-
tion, bronchopulmonary dysplasia, and chronic obstructive pulmonary 
disease. Pulm Med. 2012;2012:196194.

 23. Mori M, Bjermer L, Erjefält JS, Stampfli MR, Roos AB. Small airway 
epithelial-C/EBPβ is increased in patients with advanced COPD. Respir 
Res. 2015;16:133.

 24. Chang SH, Park H, Dong C. Act1 adaptor protein is an immediate and 
essential signaling component of interleukin-17 receptor. J Biol Chem. 
2006;281(47):35603–7.

 25. Duan MC, Zhang JQ, Liang Y, Liu GN, Xiao J, Tang HJ, et al. Infiltration of IL-
17-producing t cells and treg cells in a mouse model of smoke-induced 
emphysema. Inflammation. 2016;39(4):1334–44.

 26. Luna LG. Manual of histologic staining methods of the armed forces 
institute of pathology. 3rd ed. New York: McGraw-Hill; 1968. p. 4–8.

 27. Chen ZH, Kim HP, Sciurba FC, Lee SJ, Feghali-Bostwick C, Stolz DB, et al. 
Egr-1 regulates autophagy in cigarette smoke-induced chronic obstruc-
tive pulmonary disease. PLoS ONE. 2008;3(10):e3316.

 28. Nishioka M, Venkatesan N, Dessalle K, Mogas A, Kyoh S, Lin TY, et al. 
Fibroblast-epithelial cell interactions drive epithelial–mesenchymal 
transition differently in cells from normal and COPD patients. Respir Res. 
2015;16:72.

 29. Shi Y, Wu H, Zhang M, Ding L, Meng F, Fan X. Expression of the epithelial–
mesenchymal transition-related proteins and their clinical significance in 
lung adenocarcinoma. Diagn Pathol. 2013;8:89.

 30. Mahmood MQ, Ward C, Muller HK, Sohal SS, Walters EH. Epithelial mesen-
chymal transition (EMT) and non-small cell lung cancer (NSCLC): a mutual 
association with airway disease. Med Oncol. 2017;34(3):45.

 31. Ou SC, Bai KJ, Cheng WH, Chen JY, Lin CH, Wen HC, et al. TGF-β induced 
CTGF expression in human lung epithelial cells through ERK, ADAM17, 
RSK1, and C/EBPβ pathways. Int J Mol Sci. 2020;21(23):9084.

 32. Ikezoe T, Yang Y, Saitoh T, Heber D, McKenna R, Taguchi H, Koeffler HP. PC-
SPES down-regulates COX-2 via inhibition of NF-kappaB and C/EBPbeta 
in non-small cell lung cancer cells. Int J Oncol. 2006;29(2):453–61.

 33. Mahmood MQ, Shukla SD, Ward C, Walters EH. The underappreciated role 
of epithelial mesenchymal transition in chronic obstructive pulmonary 
disease and its strong link to lung cancer. Biomolecules. 2021;11(9):1394.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


	C-EBPβ mediates in cigaretteIL-17A-induced bronchial epithelial–mesenchymal transition in COPD mice
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Introduction
	Methods
	Animals
	Histology, immunohistochemistry and immunofluorescence staining for lung tissues
	Cell culture
	Transfection of small interfering RNA (siRNA)
	Quantitative real-time PCR
	Western blot analysis for cells
	Immunohistochemistry and immunofluorescence staining for cells
	Statistical analysis

	Results
	Cigarettes smoking induces airway inflammation and airway remolding of COPD mice
	Cigarettes smoking induces airway EMT of COPD mice
	Cigarette and IL-17A synergistically induces IL-17R expression in bronchial epithelial cells
	Cigarette and IL-17A synergistically induces epithelial–mesenchymal transition of bronchial epithelial cells
	C-EBPβ is activated by CSE and IL-17A
	C-EBPβ mediates in CSEIL-17A-induced epithelial–mesenchymal transition of bronchial epithelial cells

	Discussion
	Conclusions
	Acknowledgements
	References


