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Abstract. Acute respiratory distress syndrome (ARDS) is a 
multifactorial syndrome that leads to increased morbidity and 
mortality in infants and children. The identification of novel 
biomarkers is critical for the treatment of ARDS. The present 
study aimed to investigate the effects of chitinase‑3‑like‑1 
protein (CHI3L1 or YKL‑40) in an in vitro model of ARDS 
and to explore the potential underlying mechanisms. The 
in vitro model of ARDS was established in A549 alveolar 
epithelial type II cells, which were treated by lipopolysac‑
charide  (LPS) to induce inflammation. Transfection was 
performed to alter YKL‑40 expression. The mRNA and 
protein expression of YKL‑40 was determined using 
reverse transcription‑quantitative PCR and western blotting, 
respectively. Cell Counting Kit‑8 and TUNEL assays were 
used to evaluate the cell viability and apoptosis, respectively. 
The production of cytokines was evaluated using specific 
ELISA kits. The relationship between YKL‑40 and Fos‑related 
antigen 1 (Fra‑1) was verified using luciferase reporter and 
chromatin immunoprecipitation assays. The expression of 
the apoptotic proteins was detected using western blotting. 
The expression levels of YKL‑40 and Fra‑1 were increased 
in LPS‑treated A549 cells. Higher levels of pro‑inflammatory 
cytokines and induction of cell apoptosis were observed in 
LPS‑treated A549 cells compared with the control. YKL‑40 
knockdown in LPS‑treated A549 cells significantly decreased 
the production of pro‑inflammatory cytokines and reduced 
cell apoptosis, whereas it concomitantly caused upregula‑
tion of Bax and downregulation of Bcl‑2, cleaved caspase‑3 
and cleaved caspase‑9. In addition, Fra‑1 could directly 

bind to YKL‑40 promoter and regulate its expression level. 
Overexpression of YKL‑40 partly decreased the inhibitory 
effects of Fra‑1 knockdown on the inflammatory response 
and induction of apoptosis. In summary, the findings from 
the present study indicated that Fra‑1 could bind to YKL‑40 
and regulate its expression, whereas YKL‑40 knockdown 
could further suppress LPS‑induced inflammatory response 
and apoptosis in A549 cells. These data may provide novel 
evidence on the diagnosis and therapy of ARDS.

Introduction

Acute respiratory distress syndrome (ARDS) is a severe condi‑
tion that may cause acute lung injury. ARDS is a multifactorial 
syndrome that leads to significant morbidity and mortality in 
infants and children, with a fatality rate ≤40% worldwide (1,2). 
ARDS usually results from trauma, hemorrhagic shock or toxic 
inhalation. However, the most common cause of this syndrome 
is bacterial sepsis (3). The development of severe inflamma‑
tion involving pro‑inflammatory cytokine production and 
neutrophil integration is the main feature of ARDS, which 
may account for its high mortality rate (4). Previous studies 
conducted on ARDS have not been successful in developing 
specific biomarkers and pharmacological targets for patients 
with ARDS. Therefore, the identification of novel targets for 
the treatment of ARDS is crucial.

At present, the pathogenesis of ARDS remains unclear. It has 
been recognized that ARDS is primarily induced by pathogenic 
inflammation. Lipopolysaccharide (LPS) is a main component 
of the cell wall of Gram‑negative bacteria and has been reported 
to cause lung injury, which can subsequently progress into 
ARDS (5,6). Chitinase‑3‑like‑1 protein (CHI3L1 or YKL‑40) is 
also termed human cartilage glycoprotein‑39. This protein is a 
member of the mammalian chitinase‑like protein family and can 
be secreted by numerous cells, including macrophages, vascular 
smooth muscle cells, endothelial cells, chondrocytes and neutro‑
phils (7,8). YKL‑40 is considered as a pro‑inflammatory cytokine 
and its circulating levels have been shown to be abnormally 
elevated in a wide range of inflammatory disorder‑associated 
diseases, including purulent meningitis, rheumatoid arthritis 
and community‑acquired pneumonia (9‑12). In addition, accu‑
mulating evidence has shown that YKL‑40 might play a crucial 

LPS‑induced inflammatory response and apoptosis are mediated 
by Fra‑1 upregulation and binding to YKL‑40 in A549 cells

FEI WANG1,  WENXUAN LI1,  ZHEN LIU1,   
RONGHUA YU2  and  DALIAN WANG1

1Department of Pediatrics, Shanghai Fifth People's Hospital, Fudan University, Shanghai 200240;  
2Department of Gastroenterology, Hepatology and Nutrition, Shanghai Children's 

Hospital, Shanghai Jiao Tong University, Shanghai 200062, P.R. China

Received April 14, 2021;  Accepted July 16, 2021

DOI: 10.3892/etm.2021.10909

Correspondence to: Dr Dalian Wang, Department of 
Pediatrics, Shanghai Fifth People's Hospital, Fudan University, 
128 Ruili Road, Shanghai 200240, P.R. China
E‑mail: wangdalian205@163.com

Key words: chitinase‑3‑like‑1 protein, Fos‑related antigen  1, 
inflammatory response, apoptosis, acute respiratory distress 
syndrome



WANG et al:  YKL-40 INTERFERENCE ALLEVIATES LPS-INDUCED LUNG INJURY2

pathogenic role in chronic obstructive pulmonary disease and 
hyperoxia‑induced acute lung injury (13,14).

Interestingly, from the JASPAR database (http://jaspar.
genereg.net/), a potential binding relationship was found 
between YKL‑40 promoter and Fos‑related antigen 1 (Fra‑1). 
Fra‑1 is a member of the Fos family of proteins and a compo‑
nent of the activator protein‑1 transcription factor complex (15). 
Fra‑1 is a transcription factor involved in various pathological 
processes, including cell proliferation and cell death, extracel‑
lular remodeling, inflammation and immune response (16).

To the best of our knowledge, whether YKL‑40 or Fra‑1 
is involved in ARDS progression remains unknown. The 
present study investigated therefore the role of YKL‑40 in 
LPS‑induced ARDS and its potential underlying mechanisms.

Materials and methods

Cell culture and treatment. The human type II lung epithe‑
lial A549 cell line was obtained from the American Type 
Culture Collection and cultured in RPMI‑1640 medium 
(Thermo Fisher Scientific, Inc.) supplemented with 10% FBS 
(Thermo Fisher Scientific, Inc.). The cells were maintained 
at  37˚C in a humidified incubator containing 5%  CO2. 
A549 cells were treated with increasing concentrations of LPS 
(100, 500, 1,000 and 1,500 ng/ml) for 12 h for stimulation (17).

Cell transfection. Short hairpin (sh) RNA targeting 
Fra‑1 (shRNA‑Fra‑1‑1/2), sh‑RNA targeting YKL‑40 
(sh‑YKL‑40‑1/2) and negative control shRNA (sh‑NC) were 
obtained from Shanghai GenePharma Co., Ltd. A YKL‑40 
overexpression plasmid  (pcDNA3.1‑YKL‑40) and a Fra‑1 
overexpression plasmid (pcDNA3.1‑Fra‑1) were commercially 
constructed by Shanghai GenePharma Co., Ltd. and the empty 
pcDNA 3.1 vector (pcDNA 3.1) was used as the negative control. 
A549 cells were seeded in 6‑well plates (2x105 cells/well) in 
a humidified incubator containing 5% CO2 at 37˚C. When 
cells reached 70‑80% confluence, they were transfected with 
sh‑NC (500 ng/µl), sh‑YKL‑40‑1/2 (500 ng/µl), sh‑Fra‑1‑1/2 
(500 ng/µl), pcDNA3.1‑Fra‑1 (15 nM), pcDNA3.1‑YKL‑40 
(15 nM) or pcDNA 3.1 (15 nM) using Lipofetamine® 2000 
reagent (Thermo Fisher Scientific, Inc.) for 48 h according to 
the manufacturer's instructions. Following transfection, cells 
were cultured at 37˚C in a humidified incubator containing 
5% CO2 for 48 h and the transfection efficiency was deter‑
mined using reverse transcription‑quantitative (RT‑q) PCR 
and western blotting. After  48  h transfection, cells were 
harvested for subsequent experiments.

Cell viability assay. Cell viability was determined using the 
Cell Counting Kit‑8 (CCK‑8) assay. Cells were seeded in 
96‑well plates at the density of 1x103 cells/well and treated 
with LPS (0, 100, 500, 1,000 and 1,500 ng/ml) for 12 h. CCK‑8 
solution (10 µl; Dojindo Molecular Technologies, Inc.) was 
added to the cells that were incubated for an additional 3 h. 
The absorbance was read at 450 nm on a microplate reader 
(Bio‑Rad Laboratories, Inc.).

RT‑qPCR. Total RNA was extracted from cells using 
TRIzol® reagent (Invitrogen; Thermo Fisher Scientific, Inc.) 
and reverse‑transcribed into cDNA using PrimeScript™ RT 

Master Mix kit (Takara Bio, Inc.) according to the manu‑
facturer's instructions. The mRNA levels of the genes were 
assessed by RT‑qPCR according to the SYBR Premix Ex‑Taq 
Kit (Takara Bio, Inc.). The primers used were as follows: 
YKL‑40, forward, 5'‑CCT​GCT​CAG​CGC​AGC​ACT​GT‑3' 
and reverse, 5'‑GCT​TTT​GAC​GCT​TTC​CTG​GTC​‑3'; Fra‑1, 
forward, 5'‑AGG​AAC​TGA​CCG​ACT​TCC​TG‑3' and reverse, 
5'‑CAG​CTC​TAG​GCG​CTC​CTT​C‑3', and GAPDH, forward, 
5'‑AGC​CAC​ATC​GCT​CAG​ACA​‑3' and reverse, 5'‑GCC​CAA​
TAC​GAC​CAA​ATC​C‑3'. The qPCR thermocycling conditions 
were as follows: 5 min at 95˚C, 40 cycles of 10 sec at 95˚C, 
20 sec at 59˚C and 30 sec at 72˚C. The relative expression levels 
were normalized to endogenous control and were expressed 
as 2‑ΔΔCq (18).

Western blotting. Cells were lysed in RIPA buffer (Wuhan 
Servicebio Technology Co., Ltd.) on ice for 30 min. Following 
centrifugation at 4˚C, 12,000 x g for 15 min, the supernatant 
was collected and the protein concentration was determined 
using the BCA method. Proteins (30 µg/lane) were separated 
by 10% SDS‑PAGE and subsequently transferred onto PVDF 
membranes. Membranes were blocked with 5% skimmed milk 
for 1 h at room temperature and incubated with primary anti‑
bodies against YKL‑40 (1:1,000; cat. no. ab180569; Abcam), 
Fra‑1 (1:1,000; cat. no. ab124722; Abcam), Bcl‑2  (1:2,000; 
cat. no. ab182858; Abcam), Bax (1:1,000; cat. no. ab32503; 
Abcam), cleaved caspase 3 (1:500; cat. no. ab2302; Abcam), 
caspase  3 (1:500; cat.  no.  ab13847; Abcam), cleaved 
caspase  9 (1:500; cat.  no.  ab2324; Abcam), caspase  9 
(1:1,000; cat. no. ab32539; Abcam) and GAPDH (1:2,500; 
cat. no. ab9485; Abcam) at 4˚C overnight. Membranes were 
that incubated with horseradish peroxidase‑conjugated goat 
anti‑rabbit IgG secondary antibody (1:2,000; cat. no. ab6721; 
Abcam) at room temperature for 2 h. Enhanced chemilumi‑
nescence reagent (Cytiva) was used to detect the signal on the 
membrane. The data were analyzed via densitometry using 
ImageJ software version 1.46 (National Institutes of Health) 
and normalized to expression of the internal control GAPDH.

ELISA. Transfected cells were treated with 500 ng/ml LPS for 
12 h. Subsequently, the cell supernatant was collected. The 
levels of tumor necrosis factor‑α (TNF‑α), interleukin (IL)‑6 
and IL‑1β in the cell supernatant were measured using ELISA 
kits (cat. no. 555220 for IL‑6; cat. no. 557953 for IL‑1β; and 
cat. no. 555212 for TNF‑α; BD Biosciences) according to the 
manufacturer's instructions.

TUNEL assay. Apoptosis was detected in vitro using TUNEL 
staining. Following the cell treatment, cells were fixed with 
4% formaldehyde for 10 min at room temperature and permea‑
bilized with 0.1% Triton X‑100 for 2 min at room temperature. 
TUNEL assay Kit (Roche Diagnostics) was used to detect 
the percentage of apoptotic cells according to the instruc‑
tions provided by the manufacturer. The fluorescent images 
were captured using an inverted fluorescence microscope 
(magnification, x200).

Chromatin immunoprecipitation (ChIP) assay. ChIP 
assay was performed using the EpiQuik Chromatin 
Immunoprecipitation Assay Kit (EpiGentek) according to the 
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manufacturer's instructions. An antibody against Fra‑1 (1:30; 
cat. no. ab252421; Abcam) or IgG (1:100; cat. no. ab172730; 
Abcam) was used for immunoprecipitation. Subsequently, gel 
electrophoresis and RT‑qPCR were performed to detect the 
DNA fragments at the predicted YKL‑40 promoter binding 
sites.

Luciferase reporter assay. According to the JASPAR database 
(http://jaspar.genereg.net/), a potential binding relationship 
between YKL‑40 promoter and Fra‑1 was predicted. Then, 
this binding relationship was verified by Luciferase reporter 
assay. In brief, the pcDNA 3.1‑Fra‑1 or pcDNA 3.1 vector 
was co‑transfected into A549 cells together with a luciferase 
reporter plasmid driven by the full length (FL) of YKL‑40 
promoter, or mutated YKL‑40 promoter (targeting 2 E‑Box 
motifs, named E1 Del and  E2 Del, respectively) using 
Lipofetamine® 2000 reagent (Thermo Fisher Scientific, Inc.) 
according to the manufacturer's instructions. After 48 h of 
transfection, the Dual Reporter Assay System (Promega 
Corporation) was used to measure luciferase activity. The 
relative luciferase activity was normalized to that of Renilla 
luciferase.

Statistical analysis. GraphPad Prism 5 software (GraphPad 
Software, Inc.) was used for statistical analysis. The experi‑
mental data were presented as the means ± standard deviation 
of three independent experiments. Data were compared using 
one‑way ANOVA followed by Tukey's post hoc test when 
appropriate. P<0.05 was considered to indicate a statistically 
significant difference.

Results

YKL‑40 expression is upregulated in LPS‑treated A549 cells. 
LPS was used to mimic the development of ARDS in A549 cells. 
Cell viability was decreased following treatment with increasing 
concentrations of LPS (0, 100, 500, 1,000 and 1,500 ng/ml; 
Fig. 1A). Furthermore, the mRNA and protein expression of 
YKL‑40 was significantly upregulated (Fig. 1B and C) following 
LPS treatment. To retain a relative cell viability >50% after LPS 
stimulation, a concentration of 500 ng/ml LPS was used for 
induction of ARDS in subsequent experiments.

YKL‑40 knockdown inhibits the inflammatory response and 
apoptosis in LPS‑treated A549 cells. To explore the role of 
YKL‑40 in LPS‑treated A549 cells, cells were transfected 
with sh‑YKL‑40‑1/2. The results indicated that the mRNA and 
protein expression of YKL‑40 was significantly downregulated 
following transfection, notably with sh‑YKL‑40‑2, which was 
used in subsequent experiments (Fig. 2A and B). A549 cells 
were treated with LPS and transfected or not with sh‑YKL‑40. 
The concentration of certain inflammatory cytokines was 
detected to assess the effect of YKL‑40 on the induction of 
inflammation in LPS‑treated A549 cells. The results demon‑
strated that LPS treatment induced a severe inflammatory 
response, with significantly increased levels of TNF‑α, IL‑6 
and IL‑1β (Fig. 2C). However, the increase in TNF‑α, IL‑6 
and IL‑1β release following treatment with LPS was signifi‑
cantly inhibited in sh‑YKL‑40‑transfected cells, indicating 
that YKL‑40 silencing caused a significant inhibition in 

LPS‑induced inflammation in A549 cells. Furthermore, cell 
apoptosis was also evaluated. The results demonstrated that 
the number of apoptotic cells was elevated following LPS 
treatment. This effect was partly abolished following transfec‑
tion with sh‑YKL‑40 (Fig. 2D and E). In addition, LPS caused 
downregulation of the Bcl‑2 protein and upregulation of Bax, 
cleaved caspase‑3 and cleaved caspase‑9 proteins (Fig. 2F). 
These effects were partly reversed following cell transfection 
with sh‑YKL‑40.

Fra‑1 directly binds to YKL‑40 promoter and regulates YKL‑40 
expression. The potential mechanism underlying the role of 
YKL‑40 in LPS‑treated A549 cells was investigated. Firstly, 
according to the JASPAR database (http://jaspar.genereg.net/), 
a potential binding relationship between YKL‑40 promoter 
and Fra‑1 was predicted, and the potential binding sites 
(named E1 and E2) between Fra‑1 and the YKL‑40 promoter 
are displayed in Fig. 3A. The expression level of Fra‑1 was 
significantly increased following cell transfection with 
pcDNA3.1‑Fra‑1. The results from luciferase reporter assay 
demonstrated that the transcriptional activity of YKL‑40 was 
increased following Fra‑1 overexpression (Fig. 3B and C). 
To clarify which binding site was mainly responsible for the 
increase in transcriptional activity, E1 and E2 were deleted. 
The results indicated that the change in the transcriptional 
activity was more apparent when E1 was deleted, indicating 
that this region was mainly responsible for binding to Fra‑1 
(Fig. 3D). Furthermore, the results from ChIP assay revealed 
that Fra‑1 was enriched at the YKL‑40 promoter within the 
E1 region, demonstrating the binding association between the 
YKL‑40 promoter and Fra‑1 (Fig. 3E).

Based on these findings, the role of Fra‑1 was investigated 
in LPS‑treated A549  cells. Both the protein and mRNA 

Figure 1. YKL‑40 expression is upregulated in LPS‑treated A549 
cells. (A) A549 cells were treated with increasing concentration of LPS 
(0, 100, 500, 1,000 and 1,500 ng/ml) and cell viability was detected using 
Cell Counting Kit‑8 assay. (B) mRNA and (C) protein expression of YKL‑40 
was detected by reverse transcription quantitative PCR and western blotting, 
respectively. *P<0.05, **P<0.01 and ***P<0.001. YKL‑40, chitinase‑3‑like‑1 
protein; LPS, lipopolysaccharide. 
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expression of Fra‑1 was significantly increased following treat‑
ment of A549 cells with LPS (Fig. 4A and B). Cell transfection 
with sh‑Fra‑1‑1/2 was successful (Fig. 4C), and sh‑Fra‑1‑1 was 
used for subsequent experiments due to its higher transfection 
efficacy. In addition, Fra‑1 knockdown decreased LPS‑induced 
increase in YKL‑40 expression level (Fig. 4D). Fra‑1 expression 

was upregulated in LPS‑treated A549 cells, and the data indi‑
cated that Fra‑1 could directly bind to the YKL‑40 promoter 
and positively regulate its expression.

YKL‑40 overexpression partly abolishes the inhibitory effects 
of Fra‑1 knockdown on LPS‑induced inflammation and 

Figure 2. YKL‑40 knockdown inhibits the inflammatory response and cell apoptosis in LPS‑treated A549 cells. A549 cells were transfected with sh‑NC 
or sh‑YKL‑40‑1/2 and the (A) protein and (B) mRNA expression of YKL‑40 was detected by western blotting and reverse transcription quantitative 
PCR, respectively. (C) sh‑YKL‑40‑2 was used for subsequently experiment, and A549 cells were treated with LPS with or without sh‑YKL‑40 transfec‑
tion. Inflammatory cytokines TNF‑α, IL‑6 and IL‑1β production was measured using ELISA kits. (D) TUNEL assay was used to detect apoptotic cells. 
(E) The apoptotic cells were quantified. (F) Western blotting was used to evaluate the expression of apoptosis‑related proteins. *P<0.05 and ***P<0.001. 
YKL‑40, chitinase‑3‑like‑1 protein; LPS, lipopolysaccharide; sh, short hairpin RNA; NC, negative control; TNF‑α, tumor necrosis factor‑α; IL, interleukin. 
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apoptosis in A549 cells. YKL‑40 overexpression was estab‑
lished following cell transfection with pcDNA3.1‑YKL‑40 
(Fig. 5A). Fra‑1 knockdown decreased LPS‑induced elevated 
production of TNF‑α, IL‑6 and IL‑1β and reduced apoptotic 
cell numbers in LPS‑induced A549 cells (Fig. 5B and C, 
respectively). This reduction in apoptosis was accompanied 
by increased expression of Bcl‑2 and decreased expression 
of Bax, cleaved caspase 3 and cleaved caspase 9 (Fig. 5D). 
These alterations were partly abolished by YKL‑40 overex‑
pression (Fig. 5B‑D).

Discussion

ARDS is a life‑threatening pulmonary inflammatory disease 
characterized by pulmonary edema, refractory hypoxemia 
and multiple organ failure  (19). Although YKL‑40 is 
regarded as a pro‑inflammatory cytokine and is involved 
in various inflammatory diseases, its role in the patho‑
physiology of ARDS remains unknown. In the present study, 
LPS‑treated A549 cells were used to establish an in vitro 

model of ARDS. Upregulation of YKL‑40 expression was 
observed in LPS‑treated A549 cells. Furthermore, YKL‑40 
knockdown inhibited the inflammatory response and induc‑
tion of cell apoptosis in LPS‑treated A549  cells. These 
phenomena were partly regulated by the transcription factor 
Fra‑1. These data suggested a potential role of YKL‑40 
in the development of ARDS and may provide a potential 
target for ARDS treatment.

Accumulating evidence has confirmed that excessive 
production of pro‑inflammatory cytokines and uncontrolled 
systemic inflammatory response account for impaired lung 
function in ARDS (20,21). Therefore, the reduction in the 
production of pro‑inflammatory cytokines and the mainte‑
nance of the balance between the anti‑inflammatory and the 
pro‑inflammatory response may be a promising therapeutic 
strategy for ARDS. It has been previously reported that certain 
anti‑inflammatory genes can be used as drug targets for 
ARDS treatment. For example, Pooladanda et al (6) reported 
that nimbolide could ameliorate LPS‑induced ARDS partly by 
inhibiting inflammation. Zhou et al (22) demonstrated that the 

Figure 3. Fra‑1 directly binds to YKL‑40 promoter. (A) Binding sites between Fra‑1 and YKL‑40 promoter was predicted using the JASPAR database. 
(B) A549 cells were transfected with pcDNA3.1 or pcDNA3.1‑Fra‑1 and the mRNA expression of Fra‑1 was detected by RT‑qPCR. (C) Luciferase activity of 
YKL‑40 promoter transcriptional activity following Fra‑1 overexpression. (D) Luciferase activity of YKL‑40 promoter deletion mutants (E1 Del and E2 Del) 
following Fra‑1 overexpression. (E) Immunoprecipitated chromatin fragments obtained by the ChIP assay were analyzed by RT‑qPCR. **P<0.01 and ***P<0.001. 
Fra‑1, Fos‑related antigen 1; YKL‑40, chitinase‑3‑like‑1 protein; ChIP, chromatin immunoprecipitation; RT‑qPCR, reverse transcription‑quantitative PCR; 
Del, deletion; IgG, immunoglobulin G. 
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long non‑coding RNA NEAT1 is highly expressed following 
LPS‑induced lung injury in mice or A549 cells. In addition, 
suppression of NEAT1 expression restrains LPS‑induced 
production of the inflammatory cytokines TNF‑α, IL‑6 
and IL‑1β via high mobility group box 1/receptor for advanced 
glycation end products signaling. In addition, microRNA 
(miR)‑297, miR‑150 and miR‑216a are expressed at low 
levels in ARDS. These miRs exert protective effects against 
LPS‑induced injury in A549 cells by reducing inflammatory 
cytokine secretion (17,23,24). The present study reported an 
excessive production of TNF‑α, IL‑6 and IL‑1β in LPS‑treated 
A549 cells, which was consistent with the findings reported 
previously. Furthermore, YKL‑40 expression was upregulated 
following A549 cell exposure to LPS. YKL‑40 knockdown 
markedly decreased the production of TNF‑α, IL‑6 and IL‑1β, 
which partially alleviated the inflammatory response in 
LPS‑treated A549 cells.

A previous study reported that Fra‑1 could impair 
inflammatory response and suppress inflammation‑induced 
chondrogenesis in fracture healing (25). In addition, Fra‑1 can 
mediate some anti‑fibrotic effects in the lung via the regulation 

of pro‑inflammatory, pro‑fibrotic and anti‑fibrotic gene expres‑
sion (26). Fra‑1 is notably activated during inflammatory lung 
injury in vivo. Fra‑1‑null mice are less susceptible to LPS‑induced 
lung injury and mortality than wild‑type mice (27), indicating 
that Fra‑1 serves a key role in the lung inflammatory response. In 
line with previous studies, the present study demonstrated that 
Fra‑1 expression was upregulated in LPS‑treated A549 cells. 
It is interesting to note that Fra‑1 was predicted to bind to 
YKL‑40 promoter from the JASPAR database. This predic‑
tion was subsequently verified by ChIP and luciferase reporter 
assays, and Fra‑1 could positively regulate the expression of 
YKL‑40. In addition, the inhibitory effects of Fra‑1 knockdown 
on LPS‑induced inflammatory response and cell apoptosis in 
A549 cells were partly abolished by YKL‑40 overexpression, 
indicating that the functional role of YKL‑40 in LPS‑treated 
A549 cells may be partly mediated by Fra‑1.

This study presented some limitations. The present study 
only performed in vitro experiments and lacked results from 
in vivo and clinical research. In vivo experiments and clinical 
research are of great significance to verify the role of YKL‑40 in 
ARDS and should be performed in our future work. In addition, 

Figure 4. Fra‑1 expression is upregulated in LPS‑treated A549 cells and regulates YKL‑40 expression. A549 cells were stimulated with LPS (500 ng/ml) 
and the (A) protein and (B) mRNA expression of Fra‑1 was evaluated by western blotting and reverse transcription quantitative PCE. (C) A549 cells were 
transfected with sh‑NC or sh‑Fra‑1‑1/2, and the mRNA expression of Fra‑1 was measured. (D) sh‑Fra‑1‑1 was used for subsequent experiments, A549 cells 
were treated with LPS with or without sh‑Fra‑1 transfection, then the mRNA expression of YKL‑40 was measured. **P<0.01 and ***P<0.001. Fra‑1, Fos‑related 
antigen 1; LPS, lipopolysaccharide; YKL‑40, chitinase‑3‑like‑1 protein; sh, short hairpin RNA; NC, negative control. 
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the transcription factors predicted to bind to YKL‑40 promoter 
are multiful. Whether the other transcription factors can also 
directly bind to YKL‑40 promoter and regulate YKL‑40 
requires some clarification, and the potential mechanism 
underlying the role of the other unknown potential transcrip‑
tion factors and YKL‑40 during ARDS progression should be 
further investigated.

Taken together, the results from the present study demon‑
strated a high expression of YKL‑40 in LPS‑induced ARDS. In 
addition, YKL‑40 knockdown exerted some protective effects 
against LPS‑induced inflammatory response and apoptosis in 
A549 cells. The transcription factor Fra‑1 could directly bind 
to the YKL‑40 promoter and was partly responsible for medi‑
ating the function of YKL‑40. These findings indicated that 

Figure 5. YKL‑40 overexpression partly abolishes the inhibitory effects of Fra‑1 knockdown on LPS‑induced inflammation and apoptosis in A549 cells. 
A549 cells were transfected with pcDNA3.1 or pcDNA3.1‑YKL‑40 and the mRNA expression of YKL‑40 was evaluated. (A) LPS‑treated A549 cells were 
transfected with sh‑NC or sh‑Fra‑1 or co‑transfected with sh‑Fra‑1 and pcDNA3.1 or pcDNA3.1‑YKL‑40. (B) Production of inflammatory cytokines, including 
TNF‑α, IL‑6 and IL‑1β, was measured using ELISA kits. (C) TUNEL assay was used to detect apoptotic cells, and the apoptotic cells were quantified. 
(D) Western blotting was used to evaluate the protein expression of apoptosis‑related proteins. *P<0.05, **P<0.01 and ***P<0.001. YKL‑40, chitinase‑3‑like‑1 
protein; Fra‑1, Fos‑related antigen 1; LPS, lipopolysaccharide; sh, short hairpin RNA; NC, negative control; TNF‑α, tumor necrosis factor‑α; IL, interleukin. 
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YKL‑40 may represent a promising target for the development 
of therapeutic strategies for ARDS.
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