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Abstract. The pathologic mechanisms of pulmonary ﬁbrosis
(PF), one of the most common chronic pulmonary diseases,
remain unclear. Napsin A is an aspartic proteinase that has
been regarded as a hallmark of pulmonary adenocarcinoma.
The present study aimed to investigate the specific function and
molecular mechanisms of Napsin A in PF from the perspective
of microRNA (miRNA or miR) regulation. In the present study,
it was found that miR‑1290 downregulated the expression of
Napsin A by binding to its 3'‑UTR. Cell viability was examined by MTT assay. The protein levels of α‑smooth muscle
actin (α‑SMA), Collagen I and Napsin A were examined by
western blot analysis. The predicted targeting of Napsin A
by miR‑1290 was validated by luciferase reporter assay. The
protein content of α‑SMA was examined by immunofluorescence staining. miR‑1290 was found to be upregulated in blood
samples from patients with PF and in TGF‑ β1‑stimulated
A549 cells. miR‑1290 was found to directly target Napsin A.
miR‑1290 overexpression also significantly promoted A549
cell proliferation and increased the protein levels of markers
of fibrosis. Napsin A knockdown exerted effects on A549 cell
proliferation and TGF‑β1‑induced fibrosis that were similar
to those induced by miR‑1290 overexpression; more importantly, Napsin A knockdown significantly reversed the effects
of miR‑1290 inhibition, indicating that miR‑1290 promotes
TGF‑β1‑induced fibrosis by targeting Napsin A. Moreover,
TGF‑β1‑induced CAMP responsive element binding protein 1
(CREB1) overexpression promoted the transcription of
miR‑1290 in A549 cells. On the whole, the findings of the
present study demonstrate that TGF‑β1‑induced CREB1 overexpression induces the significant upregulation of miR‑1290
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expression, thus aggravating TGF‑β1‑induced fibrotic changes
in A549 cells via the miR‑1290 downstream target, Napsin A.
Introduction
Pulmonary ﬁbrosis (PF) is one of the most common chronic
pulmonary diseases, and it is characterized by restrictive functional ventilation disorder, hypoxemia and chronic progressive
diffuse lung fibrosis; it is associated with clinical features, such
as wheezing, dyspnea and dry cough. It has a high incidence
and mortality rate worldwide (1). To date, the pathological
mechanisms of PF have not been fully elucidated (2,3); thus,
no effective drug or treatment has yet been developed.
Napsin A is an aspartic proteinase expressed not only in
type II lung cells, but also in alveolar macrophages and it may
be expressed secondary to phagocytosis (4,5). The alveolar
cavity contains active Napsin A at high levels, which are associated with the levels of surfactant protein B (SP‑B), precursor
protein proSP‑B and SP‑C (6). As a hallmark of the most
significant number of pulmonary adenocarcinomas, immunohistochemical analysis for Napsin A yields negative results
in the majority of squamous cell carcinomas and adenocarcinomas of other organs (7,8). Reportedly, its local expression
not only aids in the classification of primary pulmonary
tumors as adenocarcinomas, but also in the identification of
the lung as the origin in the context of metastatic adenocarcinoma (7,8). In addition, elevated serum levels of Napsin A in
patients with idiopathic PF (IPF) are related to the severity of
the illness (9‑11). Ueno et al (12) transfected the Napsin A gene
into 293 cells and found that the cell proliferative and migratory
ability were significantly inhibited. Consistently, in a previous
study by the authors, it was also demonstrated that PF could
be suppressed by the transfection of the Napsin A gene into
type II alveolar epithelial cells, possibly through the inhibition
of integrin signal transduction (13). However, the expression of
Napsin A is significantly downregulated in the blood samples
obtained from PF patients. Investigating the mechanism by
which Napsin A expression is suppressed during PF might
provide potent novel strategies for PF treatment.
MicroRNAs (miRNAs or miRs), a family of non‑coding
single‑stranded small RNAs with lengths of 21‑23 nucleotides,
can modulate gene expression at the post‑transcriptional level
by base pairing to sequence motifs in the 3'‑untranslated
regions (3'‑UTRs) of target messenger RNAs (mRNAs) (14‑17).
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Numerous studies have screened and identified several deregulated miRNAs in lung fibrosis and other diseases. Reportedly,
miR‑1343 can directly bind to the 3'‑UTR of TGF‑β receptor 1
(TGFBR1) and TGFBR2 to inhibit the TGF‑ β signaling
pathway, thus alleviating PF (18). miR‑449a has been found
to target autophagy‑related Bcl2 mRNA to play an antifibrotic
role in silica‑induced PF (19). Moreover, miR‑489 has been
shown to bind to both MyD88 and Smad3 to alleviate inflammation and the development of fibrosis (19,20). In summary,
miRNAs may be involved in the fibrotic development process
by targeting various downstream transcripts. Therefore, it is
reasonable to hypothesize that miRNAs may target Napsin A
to exert an effect on PF development.
Herein, the online tool TargetScan was used to identify
miRNAs that reduce the expression of Napsin A by targeting
its 3'‑UTR. Among 17 candidate miRNAs, the expression of
miR‑1290 was the most upregulated in blood samples obtained
from patients with PF (Fig. S1); moreover, to the best of our
knowledge, no study to date has reported a role for miR‑1290
in PF. To investigate the cellular functions of miR‑1290 and
its interaction with Napsin A, A549 cells were stimulated with
TGF‑β1 and miR‑1290 expression was examined. In addition,
the effects of miR‑1290 on A549 proliferation and markers of
fibrosis, and the predicted binding of miR‑1290 to Napsin A were
examined. The dynamic effects of miR‑1290 and Napsin A on
TGF‑β1‑induced fibrosis were also evaluated. To determine the
mechanisms through which miR‑1290 is upregulated during PF,
the TransmiR v2.0 database and ChIP‑Atlas were used to identify transcription factors that are related to PF and may bind the
miR‑1290 promoter to activate its transcription. On the whole, the
present study demonstrates a novel mechanism through which
Napsin A can be downregulated in PF by regulating miRNA;
miR‑1290 may be a novel potential target for the treatment of PF.
Materials and methods
Clinical patients and samples. PF was diagnosed according to
the American Thoracic Society/European Respiratory Society
consensus criteria (21). The patients with PF and healthy volunteers were enrolled at the First People's Hospital of Changzhou
from March, 2018 to March, 2019. The plasma samples were
isolated from patients (n=14; age, 58.5±10.94 years; sex:
F/M ratio, 5/9) with PF and healthy volunteers (n=20; age,
51.2±9.64; sex: F/M, 8/12). All the experiments were approved
by the Ethics Committee of The First People's Hospital of
Changzhou (ethics number: 2018KY047). Written informed
consent was also obtained from all study participants.
Cell lines and cell transfection. A human non‑small cell lung
cancer cell line (A549; ATCC® CCL‑185) and a normal human
lung epithelial cell line (BEAS‑2B; ATCC® CRL‑9609) were
purchased from ATCC and cultured in F‑12K medium (for
A549 cells, cat. no. 30‑2004, ATCC) or bronchial epithelial
basal medium BEBM (for BEAS‑2B cells, Lonza/Clonetics
Corp.) supplemented with 10% FBS. The cells were cultured
at 37˚C with 5% v/v CO2. For TGF‑β1 treatment, cells were
stimulated with 10 ng/ml TGF‑β1 for 48 h.
miR‑1290 expression in target cells was assessed by transfection with 50 nM miR‑1290 mimics or 100 nM miR‑1290
inhibitor (RiboBio). Napsin A was knocked down by transfection

with 20 nM si‑Napsin A (RiboBio). CREB1 overexpression was
achieved by transfection with 1 µg/ml CREB1 overexpression
vector (CREB1 OE, RiboBio). All transfections were performed
using Lipofectamine 2000 (Invitrogen; Thermo Fisher Scientific,
Inc.). After 48 h, the cells were harvested for further experiments.
The sequences are listed in Table SI.
Reverse transcription‑quantitative PCR (RT‑qPCR). Total
RNA extraction, reverse transcription, and PCR were
performed following previously described methods (22,23)
using the miScript Reverse Transcription kit (Qiagen, Inc.)
and SYBR‑Green PCR Master Mix (Qiagen, Inc.). RNU6B
expression or GAPDH expression was used as an endogenous
control for miRNA or mRNA determination. The 2 ‑ΔΔCq
method (24) was used to analyze relative fold changes. The
primer sequences are listed in Table SI.
Determination of cell viability by MTT assay. Cell viability
was examined by MTT assay following previously described
methods (25). The OD values were measured at 490 nm using
microplate reader (Bio‑Rad Laboratories, Inc.). The cell
viability of the untreated cells (control) was defined as 100%.
Western blot analysis. The protein levels of α‑smooth muscle
actin (α‑SMA), Collagen I and Napsin A were examined
by western blot analysis following previously described
methods (25). A total of 50 µg protein samples were then separated by 10% SDS‑PAGE and transferred onto nitrocellulose
membrane (Bio‑Rad Laboratories, Inc.). The membranes were
blocked with 5% non‑fat milk in TBST (0.1% Tween‑20) for
2 h at room temperature and incubated with the following
antibodies: Anti‑ α ‑SMA (1:1,000, ab5694, Abcam),
anti‑Collagen I (1:1,000, ab34710), anti‑Napsin A (1:1,000,
ab73021, Abcam), anti‑GAPDH (1:1,000, ab8245, Abcam),
anti‑AKT (1:1,000, 10176‑2‑AP, Proteintech), ani‑p‑AKT
(1:1,000, 66444‑1‑Ig, Proteintech) and goat‑anti‑rabbit or
mouse HRP‑conjugated secondary antibodies (SA00001‑1
and SA00001‑2, Proteintech). Signals were visualized using
enhanced chemiluminescence (ECL) substrates (Merck
KGaA) using GAPDH as an endogenous reference protein.
ImageJ software version 1.8.0 (National Institute of Health)
was used for densitometric analysis.
Luciferase reporter assay. The Napsin A 3'‑UTR was amplified by PCR and was then cloned downstream of the Renilla
psiCHECK2 vector (Promega Corp.); the product was named
wt‑Napsin A 3'‑UTR. To generate a Napsin A 3'‑UTR mutant
reporter, the predicted miR‑1290 binding site was mutated to
remove the complementarity, and this type of reporter vector
was named mut‑Napsin A 3'‑UTR. 293 cells (ATCC) were
co‑transfected with miR‑1290 mimics or miR‑1290 inhibitor
and wt‑Napsin A 3'UTR or mut‑Napsin A 3'UTR, and the
Dual‑Luciferase Reporter Assay System (Promega Corp.) was
employed to determine the luciferase activity. Renilla luciferase activity was normalized to Firefly luciferase activity for
each transfected well of cells.
Transcription factors predicted to regulate miR‑1290 were
identified using the TransmiR v2.0 database (http://www.cuilab.
cn/transmir) and ChIP‑Atlas (http://chip‑atlas.org/enrichment_analysis). miR‑1290 with the mutant or wild‑type
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seed region was synthesized and cloned into the Renilla
psiCHECK2 vector (Promega Corp.). A total of 7 nucleotides in the seed region were mutated to obtain the mutant
sequence. The CREB1 protein‑coding sequence was cloned
into the pcDNA3.1 vector (Applied Biosystems). 293 cells
were co‑transfected with pcDNA3.1/CREB1 and wild‑ or
mutant‑miR‑1290 vectors. After 48 h, the cells were harvested
and luciferase activity assays were performed in the following
treatment with TGF‑β1 or following no treatment.
Immunofluorescence (IF) staining. α‑SMA protein expression
was examined by IF staining using anti‑ α ‑SMA antibody (ab5694, Abcam) according to previously described
methods (26). The cells were incubated with FITC‑conjugated
secondary antibody (Beyotime Institute of Biotechnology) for
1 h in the dark at room temperature. Nuclei were stained with
DAPI (Beyotime Institute of Biotechnology) for 5 min at room
temperature. Images were observed and acquired by a fluorescence microscope (Nikon Corp.). Green fluorescence indicates
α‑SMA expression and blue fluorescence indicates nuclei.
Statistical analysis. Data from at least 3 independent experiments were processed using SPSS 17.0 (IBM, Inc.) and are
presented as the means ± SD. Student's t‑tests were used for
statistical comparisons between 2 groups. One‑way ANOVA
followed by Tukey's multiple comparison test was used to estimate the differences among >2 groups. Pearson's correlation
analysis was also used to determine the correlation between
the expression of miR‑1290 and Napsin A in the plasma
samples. Values of P<0.05 and P<0.01 were considered to indicate statistically significant and highly statistically significant
differences, respectively.
Results
miR‑1290 expression is upregulated in plasma samples from
patients with PF and TGF‑β1‑stimulated A549 cells. Before
investigating the cellular functions of miR‑1290, the first step
of the present study was to evaluate Napsin A and miR‑1290
expression within blood samples obtained from healthy donors
and patients with PF. As shown in Fig. 1A and B, compared to
the healthy donors, the expression of Napsin A was significantly
decreased, whereas the expression of miR‑1290 was increased
within the plasma samples obtained from patients with PF.
Moreover, the expression levels of miR‑1290 negatively correlated
with Napsin A expression levels in the samples (Fig. 1C).
Previous studies have demonstrated that TGF‑ β1 is
related to the AKT pathway in PF (27), lung cancer (28), live
fibrosis (29). Based on this, the present study examined the
association between TGF‑β1 and the AKT pathway in A549
cells under TGF‑β1 stimulation. The A549 cells were treated
with TGF‑β1 to generate a cell model of TGF‑β1‑induced
fibrosis, which was validated by IF staining and western blot
analysis for α‑SMA, Collagen I, Napsin A and AKT (total AKT
and phosphorylated AKT) protein expression levels. As shown
in Fig. 1D and E, the α‑SMA, Collagen I and p‑AKT protein
levels were significantly upregulated by TGF‑β1 stimulation,
indicating fibrotic changes in the A549 cells. The protein
levels of Napsin A were decreased upon TGF‑β1 stimulation.
In addition, the expression of miR‑1290 was significantly
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upregulated by TGF‑β1 stimulation (Fig. 1F), suggesting that
miR‑1290 participates in TGF‑β1‑induced fibrosis.
miR‑1290 directly targets Napsin A to modulate A549
cell proliferation and TGF‑ β1‑induced fibrosis. To further
determine the interaction between miR‑1290 and Naspin A,
luciferase reporter assays were performed. As described in
the Materials and methods section, two different types of
Napsin A 3'‑UTR luciferase reporter vectors were constructed,
the wild‑type and mutant‑type, and these were named
wt‑Napsin A 3'‑UTR and mut‑Napsin A 3'‑UTR, respectively
(Fig. 2A). These vectors were co‑transfected into 293 cells
with miR‑1290 mimics or a miR‑1290 inhibitor and luciferase
activity examined. miR‑1290 overexpression induced a significant decrease in the luciferase activity of wild‑type Napsin A
3'‑UTR, which was increased by the inhibition of miR‑1290;
mutating the putative miR‑1290 binding site abolished the
changes in luciferase activity (Fig. 2A). Based on these data,
miR‑1290 directly targeted the Napsin A 3'‑UTR. Subsequently,
miR‑1290 mimics/inhibitor were transfected into the cells to
achieve miR‑1290 overexpression/inhibition in A549 cells and
RT‑qPCR was performed to verify the transfection efficiency
(Fig. 2B). Consistently, miR‑1290 overexpression inhibited the
expression of Napsin A, while miR‑1290 inhibition promoted
it (Fig. 2C).
The cellular functions of miR‑1290 were then evaluated
under TGF‑β1 stimulation. As shown in Fig. 2D, miR‑1290
overexpression significantly promoted the proliferation of
the A549 cells, whereas miR‑1290 inhibition suppressed
it; in other words, miR‑1290 overexpression enhanced
TGF‑β1‑stimulated A549 cell growth, while miR‑1290 inhibition decreased the growth. To evaluate the cytotoxicity of
miR‑1290 against normal cells, the viability of the human
normal lung epithelial cell line, BEAS‑2B, was examined by
MTT assay (Fig. S2). The transfection efficiency of miR‑1290
mimics and miR‑1290 inhibitor in BEAS‑2B cells is illustrated
in Fig. S2A. According to the results of MTT assay (Fig. S2B),
miR‑1290 overexpression markedly promoted the proliferation
of BEAS‑2B cells, whereas miR‑1290 inhibition restrained it.
In addition, miR‑1290 overexpression decreased the Napsin A
protein levels and increased the protein levels of α‑SMA,
Collagen I and p‑AKT in A549 cells. However, miR‑1290
inhibition exerted opposing effects on the protein levels of
Napsin A, α‑SMA, Collagen I and p‑AKT under TGF‑ β1
stimulation in A549 cells (Fig. 2E). In summary, miR‑1290
may directly bind to the 3'‑UTR of Napsin A, and miR‑1290
inhibition improves TGF‑β1‑induced fibrosis.
Dynamic effects of miR‑1290 and Napsin A on A549 cell
proliferation and TGF‑ β1‑induced fibrotic changes. After
confirming the effects of miR‑1290 on TGF‑β1‑induced fibrotic
changes, the dynamic effects of miR‑1290 and its downstream
target, Napsin A, on A549 proliferation and TGF‑β1‑induced
fibrotic changes were evaluated. The A549 cells were transfected with si‑Napsin A to knock down its expression and
RT‑qPCR was then performed to verify the transfection
efficiency (Fig. 3A). The A549 cells were co‑transfected with
miR‑1290 inhibitor/si‑Napsin A, and Napsin A expression, cell
viability, and Napsin A, α‑SMA and Collagen I protein levels
were then evaluated. The TGF‑ β1‑induced suppression of
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Figure 1. miR‑1290 expression is upregulated in blood samples from patients with pulmonary fibrosis and in TGF‑β1‑stimulated A549 cells. (A and B) miR‑1290
and Napsin A expression levels in blood samples obtained from healthy volunteers (negative control) and patients with pulmonary fibrosis. (C) The correlation
of miR‑1290 and Napsin A expression in blood samples was analyzed by Pearson's correlation analysis. A549 cells were treated with TGF‑β1 and examined
for (D) α‑SMA protein content (green) by immunofluorescence staining. (E) Protein levels of Napsin A, α‑SMA, Collagen I, AKT and p‑AKT were assessed
by western blot analysis. (F) Expression of miR‑1290 was assessed by RT‑qPCR. *P<0.05 and **P<0.01 compared to the control. PF, pulmonary fibrosis.

Napsin A expression was significantly reversed by transfection
with miR‑1290 inhibitor, whereas it was further suppressed
by Napsin A knockdown; Napsin A knockdown significantly
attenuated the effects of the miR‑1290 inhibitor (Fig. 3B).
As regards cellular functions, miR‑1290 inhibition reduced,
whereas Napsin A knockdown increased TGF‑ β1‑induced
A549 cell proliferation; the effect of miR‑1290 inhibitor was
also reversed by Napsin A knockdown (Fig. 3C). Consistently,
TGF‑β1 decreased the Napsin A levels, whereas it increased the
α‑SMA, Collagen I and p‑AKT levels, and this effect was attenuated by treatment with the miR‑1290 inhibitor, but enhanced
by Napsin A knockdown; Napsin A knockdown significantly
attenuated the effect of the miR‑1290 inhibitor (Fig. 3D). In

summary, these findings demonstrate that miR‑1290 regulates
TGF‑β1‑induced fibrotic changes via Napsin A.
TGF‑β1‑induced CREB1 expression promotes the transcription
of miR‑1290. To further investigate the mechanisms through
which TGF‑β1 induces the expression of miR‑1290, the online
tools, TransmiR v2.0 database and ChIP‑Atlas, were used
to identify transcription factors that may regulate miR‑1290
expression and can be induced by TGF‑β1 stimulation; CREB1
was identified (30,31). The miR‑1290 luciferase reporter
vector was constructed as described in the Materials and
methods section and was co‑transfected into 293 cells with
pcDNA3.1/CREB1. Luciferase activity was determined in the
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Figure 2. miR‑1290 directly targets Napsin A to modulate A549 cell proliferation and TGF‑β1‑induced fibrosis. (A) Schematic diagram showing the predicted
binding site between miR‑1290 and Napsin A 3'UTR. Wild‑ and mutant‑type Napsin A 3'UTR luciferase reporter vectors were constructed. The mutant‑type
Napsin A 3'UTR vector contained a 7‑bp mutation in the predicted miR‑1290 binding site. These vectors were co‑transfected into 293 cells with miR‑1290
mimics or inhibitor and the luciferase activity was determined. (B) miR‑1290 overexpression and inhibition in A549 cells were achieved by transfection with
miR‑1290 mimics or an inhibitor, and results were confirmed by RT‑qPCR. (C) Napsin A mRNA expression in response to miR‑1290 overexpression or inhibition was determined by RT‑qPCR. (D) Viability of A549 cells in which miR‑1290 was overexpressed or inhibited was determined by MTT assays. (E) Protein
levels of Napsin A, α‑SMA, Collagen I, AKT and p‑AKT in A549 cells in which miR‑1290 was overexpressed or inhibited were determined by western blot
analysis. *P<0.05 and **P<0.01, compared to the NC (negative control) inhibitor group; ##P<0.01, compared to the NC (negative control) mimics group.

presence or absence of TGF‑β1 treatment. As shown in Fig. 4A,
CREB1 overexpression significantly enhanced the luciferase
activity of the miR‑1290 reporter vector and TGF‑β1 treatment
further enhanced the CREB1 overexpression‑induced increase
in luciferase activity.
To validate the effects of CREB1 on miR‑1290, the
CREB1‑overexpressing vector was transfected into the A549
cells to induce CREB1 overexpression and RT‑qPCR was then
performed to verify the transfection efficiency (Fig. 4B). As
predicted, CREB1 overexpression significantly promoted the
expression of miR‑1290 (Fig. 4C). Therefore, a novel mechanism is demonstrated through which TGF‑β1‑induced CREB1
upregulation promotes the transcription of miR‑1290, thus
inhibiting Napsin A expression and promoting fibrotic changes
in A549 cells (Fig. 4D).

Discussion
Herein, miR‑1290 was regarded as an upstream regulatory
miRNA, that reduces the expression of Napsin A by binding to
its 3'‑UTR. miR‑1290 was upregulated in PF blood samples and
in TGF‑β1‑stimulated A549 cells. miR‑1290 can directly target
Napsin A, significantly promote A549 proliferation and increase
the protein levels of markers of fibrosis. Napsin A knockdown
exerted effects on A549 proliferation and TGF‑β1‑induced
fibrosis that were similar to those observed following miR‑1290
overexpression; more importantly, Napsin A knockdown significantly reversed the effects of miR‑1290 inhibition, indicating
that miR‑1290 promotes TGF‑β1‑induced fibrosis by targeting
Napsin A. Moreover, TGF‑β1‑induced CREB1 overexpression
promoted the transcription of miR‑1290 in A549 cells.
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Figure 3. Dynamic effects of miR‑1290 and Napsin A on A549 cell proliferation and TGF‑β1‑induced fibrosis (A) Napsin A knockdown was conducted by the
transfection of si‑Napsin A, as confirmed by RT‑qPCR. A549 cells were co‑transfected with miR‑1290 inhibitor and si‑Napsin A upon TGF‑β1 stimulation
and examined for (B) the expression of Napsin A, as determined by RT‑qPCR; (C) cell viability, as determined by MTT assays; and (D) the protein levels of
Napsin A, α‑SMA, Collagen I, AKT and p‑AKT as determined by western blot analysis. *P<0.05 and **P<0.01, compared to NC (negative control) inhibitor +
si‑NC group; #P<0.05 and ##P<0.01, compared to NC (negative control) inhibitor + si‑Napsin A group.

Figure 4. TGF‑β1‑induced CREB1 promotes the transcription of miR‑1290. (A) A luciferase reporter vector with the miR‑1290 promoter was constructed and
co‑transfected into 293 cells with pcDNA3.1/CREB1. Luciferase activity was determined in the presence or absence of TGF‑β1. (B) CREB1 overexpression
was achieved in A549 cells by transfection of the CREB1 overexpression vector (CREB1 OE), as confirmed by RT‑qPCR. (C) miR‑1290 expression was
determined in CREB1‑overexpressing A549 cells by RT‑qPCR. (D) Schematic diagram showing that TGF‑β1‑induced CREB1 promotes the transcription of
miR‑1290, therefore inhibiting Napsin A expression and promoting pulmonary fibrosis. *P<0.05 and **P<0.01, compared to pcDNA3.1-CREB1 + psicheck-2
group or vector group; #P<0.05, compared to DMSO group.
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Over the past decade, emerging evidence has revealed
potential biomarkers for the prediction of PF. According
to microarray profiles, multiple miRNAs, including
miR‑29 (32,33), miR‑326 (34), miR‑98 (35) and miR‑let‑7d (36),
may participate in the pathogenesis of PF. Herein, the expression of miR‑1290 was significantly upregulated in blood
samples obtained from patients with PF and in A549 cells
upon TGF‑β1 stimulation, and the overexpression of miR‑1290
promoted A549 cell proliferation and fibrosis marker proteins
levels under TGF‑β1 stimulation conditions, indicating the
potential of miR‑1290 as a novel biomarker for PF. Previously,
miR‑1290 expression has been reported to be significantly
upregulated by Matrigel and may thus be cancer‑related.
Matrigel is considered to be a medium that is rich in extracellular matrix (ECM) components and capable of altering
cellular cell phenotypes and gene expression (37). miR‑1290
expression is abnormally upregulated in non‑small cell lung
cancer (NSCLC); thus, serum levels of miR‑1290 may serve as
an underlying prognostic biomarker for NSCLC (38). However,
to the best of our knowledge, this is the first study to report the
upregulation of miR‑1290 in blood samples from patients with
PF. miR‑1290 may thus play a critical role in PF progression.
As has already been mentioned, miR‑1290 expression
is significantly upregulated by TGF‑ β1 stimulation. Upon
TGF‑β1 treatment, miR‑1290 overexpression further enhanced
the promotive effects of TGF‑ β1 on A549 cell growth
and α‑SMA and Collagen I protein levels. In other words,
miR‑1290 may antagonize TGF‑β1‑induced fibrotic changes in
A549 cells. More importantly, as predicted by an online tool,
miR‑1290 overexpression significantly inhibited the protein
levels of Napsin A. Previously, it was demonstrated that
Napsin A overexpression significantly reversed or attenuated
TGF‑β1‑induced fibrotic changes in A549 cells (39) Herein,
it was demonstrated that miR‑1290 targets the 3'‑UTR of
Napsin A to exert a negative regulatory effect on the expression of Napsin A upon TGF‑β1 stimulation. The effects of
miR‑1290 inhibition on TGF‑β1‑induced fibrotic changes in
A549 cells were reversed by Napsin A silencing, indicating
that miR‑1290 promotes TGF‑β1‑induced fibrosis by targeting
Napsin A.
Since the expression of miR‑1290 was significantly
increased in the serum obtained from patients with PF, the
mechanisms of the abnormal miR‑1290 upregulation in serum
from patients with PF were further investigated. According
to bioinformatics analyses, CREB1 may activate the transcription of miR‑1290 via targeting its promoter region.
Inflammation, cell growth, differentiation, adaptation and
survival, as well as other cell functions, have been shown to be
modulated by CREB (40). It has been revealed that an increase
in CREB activity can be related to the pathologic mechanism
of asthma, changes in cognitive memory, and the process of
chronic obstructive pulmonary disease (COPD) (41). Herein,
the predicted binding of CREB1 to miR‑1290 was validated
by revealing that TGF‑ β1‑induced CREB1 overexpression
promoted the expression of miR‑1290 by targeting the promoter
region.
In conclusion, the present study demonstrates that
TGF‑ β1‑induced CREB1 overexpression significantly
upregulates miR‑1290 expression, therefore antagonizing
TGF‑β1‑induced fibrotic changes in A549 cells through the
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miR‑1290 downstream target, Napsin A. The CREB1/miR‑
1290/Napsin A axis may thus be a potent target in the treatment
of TGF‑β1‑induced PF. However, further in vivo studies and
clinical investigations are warranted to confirm these findings.
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