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Abstract Idiopathic pulmonary fibrosis (IPF) is a progressive disease with unknown etiology and

limited therapeutic options. Activation of fibroblasts is a prominent feature of pulmonary fibrosis. Here

we report that lncRNA DACH1 (dachshund homolog 1) is downregulated in the lungs of IPF patients and

in an experimental mouse model of lung fibrosis. LncDACH1 knockout mice develop spontaneous pul-

monary fibrosis, whereas overexpression of LncDACH1 attenuated TGF-b1-induced aberrant activation,
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CTNNB1;

Fibroblast;
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Extracellular matrix;

Proliferation
collagen deposition and differentiation of mouse lung fibroblasts. Similarly, forced expression of

LncDACH1 not only prevented bleomycin (BLM)-induced lung fibrosis, but also reversed established

lung fibrosis in a BLM model. Mechanistically, LncDACH1 binding to the serine/arginine-rich splicing

factor 1 (SRSF1) protein decreases its activity and inhibits the accumulation of Ctnnb1. Enhanced expres-

sion of SRSF1 blocked the anti-fibrotic effect of LncDACH1 in lung fibroblasts. Furthermore, loss of

LncDACH1 promoted proliferation, differentiation, and extracellular matrix (ECM) deposition in mouse

lung fibroblasts, whereas such effects were abolished by silencing of Ctnnb1. In addition, a conserved

fragment of LncDACH1 alleviated hyperproliferation, ECM deposition and differentiation of MRC-5 cells

driven by TGF-b1. Collectively, LncDACH1 inhibits lung fibrosis by interacting with SRSF1 to suppress

CTNNB1 accumulation, suggesting that LncDACH1 might be a potential therapeutic target for pulmonary

fibrosis.

ª 2022 Chinese Pharmaceutical Association and Institute of Materia Medica, Chinese Academy of Medical

Sciences. Production and hosting by Elsevier B.V. This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Pulmonary fibrosis is the end-stage outcome of a large variety of
lung diseases characterized by excessive fibroblast proliferation,
aberrant extracellular matrix (ECM) deposition with inflammatory
injury, and destruction of tissue structure1. The most common
disease type is idiopathic pulmonary fibrosis (IPF), a severe
interstitial lung disease that leads to progressive loss of lung
function, resulting in significant medical burden due to its severe
clinical manifestations, poor prognosis, and high mortality2.
Increasing evidence suggests that repeated injury to the alveolar
epithelium leads to excessive accumulation of fibroblasts and
extracellular matrix proteins3, which in turn leads to scarring and
diminished respiratory function. Pirfenidone and nintedanib are
currently approved for the treatment of IPF, but whether these two
agents can improve the survival of patients with IPF and their
existing adverse drug reactions remains controversial4. The mo-
lecular mechanisms of IPF are not fully understood, and there is
still a lack of effective treatments for IPF other than lung
transplantation.

Noncoding RNAs such as microRNAs have been suggested to
be involved in the development of pulmonary fibrosis5. Long non-
coding RNAs (lncRNAs) are defined as RNA transcripts more
than 200 nucleotides with little protein-coding function6. Initial
studies identified altered expression levels of certain lncRNAs in
cancer cells7 and that these lncRNAs could serve as markers and
potential drug targets for cancer diagnosis. Moreover, recent
studies have reported that the lncRNAs are highly associated with
drug metabolism and drug resistance8. Mutations and dysregula-
tion of lncRNAs have been successively linked to various human
diseases, such as cardiovascular diseases9, neurological disor-
ders10, and organ fibrosis11. Feng et al.12 reported that lncRNA
Erbb4-IR produces a marked effect in renal fibrosis by targeting
Smad7 in the TGF-b/Smad pathway. In our previous study we
found that lncRNA PFAR played a corresponding role in IPF13.

LncRNAs are able to regulate gene expression at multiple
levels. In simple terms, lncRNAs are able to participate in
epigenetic regulation, transcriptional regulation, as well as post-
transcriptional regulation14. Mechanistically, lncRNAs can affect
gene expression by directly binding to proteins, influencing his-
tone modifications, interfering with mRNA splicing, sponging
microRNAs, etc. Cai et al.15 have made outstanding contributions
to the study of the role of LncRNA DACH1 (dachshund homolog
1), which could directly bind to sarcoplasmic reticulum calcium
ATPase 2a (SERCA2a) and enhance its ubiquitination and
degradation, leading to impairment of cardiac function. On the
other hand, LncDACH1 could also regulate the PP1A/YAP1
pathway to participate in cardiac repair and regeneration after
myocardial infarction9. Although a large number of studies have
demonstrated the essential role of lncRNAs in human diseases, the
action of LncDACH1 in IPF pathogenesis and its underlying
molecular mechanism needs to be further explored.

In this study, we found that LncDACH1 was decreased in lung
of both IPF patients and bleomycin (BLM)-induced mice, sug-
gested that LncDACH1 may played critical roles in pulmonary
fibrosis. Consistent with this finding, LncDACH1-KO mice exhibit
lung pathological changes, collagen deposition, lung function
decline and remodeling. We found that LncDACH1 modulates
serine/arginine-rich splicing factor 1 (SRSF1) protein, ultimately
suppressing lung fibroblast activation.

2. Materials and methods

2.1. Mouse model

Male C57BL/6 mice aged 6e8 weeks with an average body
weight of 18e23 g were used. A mouse model of pulmonary
fibrosis was generated by a single intratracheal administration of
BLM (3 mg/kg, Selleck) under anesthesia resulting in an experi-
mental pulmonary fibrosis model 21 days later. Control mice
received saline. Prevention and treatment groups were induced
with adenovirus-associated virus 5 carrying lncRNA DACH1
(AAV5-LncDACH1) at a dose of 2 � 1010 particles by intra-
tracheal administration. Animals were randomly assigned for each
experimental group. Assessors were un-blinded to group alloca-
tion. All animal experiments were approved by the Harbin Med-
ical University College of Pharmacy Ethical committee (A-
IRB3001721, China).

2.2. Cell culture and treatment

Primary mouse lung fibroblasts (PMLFs) were extracted from the
lung tissues of 3-day-old mice. After digestion and filtration, the
extracted PMLFs were cultured in DMEM (Biological Industries,
Israel), supplemented with 10% FBS (Biological Industries, Israel),
and 1% penicillinestreptomycineamphotericin B (Solarbio, Bei-
jing, China) under sterile conditions. The medium was changed,
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non-adherent cells were removed differentially after 6 h, and further
manipulations were performed when cells were well-established.

The human fetal lung fibroblast cell line MRC-5 was obtained
commercially from the Cell Bank of Chinese Academy of Sci-
ences. Cells were cultured at 37 �C in a 5% CO2 incubator. Cells
were allowed to grow and adhere to the wall. After starvation in
serum-free medium for 6 h, the cells were transfected with 2 mg of
plasmid followed by treatment with or without recombinant
human TGF-b1 (10 ng/mL; PeproTech, USA). MRC-5 authenti-
cation was determined by short tandem repeat (STR) profiling and
free from mycoplasma contamination.

Adult mouse lung fibroblasts (AMLFs) were obtained from
6e8-week-old C57/BL6 mice. Mouse lung tissues were harvested,
minced into centrifuge tubes on an ultraclean table. After
pancreatin digestion, the supernatant was aspirated and the reac-
tion was terminated by adding culture medium. Pure AMLFs were
filtered and placed in culture medium as described above.

2.3. Patients samples

Patient samples of IPF and non-IPF were provided by Shanghai
Pulmonary Hospital. Informed consent was obtained from patients
and the study was approved by the Harbin Medical University
College of Pharmacy Ethical Committee (A-IRB3001721) and
conformed to the Declaration of Helsinki. Patient information is
displayed in Supporting Information Table S1.

2.4. Cell transfection

PMLFs/MRC-5 were transiently transfected with LncDACH1
plasmid or small interference RNA (siRNA) of LncDACH1/Srsf1/
Ctnnb1 using Lipo2000 (Invitrogen) according to the manufac-
turer’s instructions. SiRNA and a negative control siRNA (siNC)
were synthesized by Ribobio (Guangzhou, China). SiRNA se-
quences are displayed in Supporting Information Table S2.

2.5. Quantitative real-time RT-PCR

Total RNA was extracted from the lung tissues, PMLFs, AMLFs
and MRC-5 cells using TRIzol reagent. The concentration and
purity of the RNA was determined with a NanoDrop 8000
(Thermo). cDNA reverse transcription kits (5� All-in-One RT
Master Mix, TransGene Biotech, China) were used to reverse
transcribe total RNA using random primers. The mRNA was
quantified by SYBR Green on ABI 7500 Fast Real-time PCR
system (Applied Biosystems, USA). The GAPDH gene was used
for normalization. Primer efficiency was assessed by a series of
dilutions, and a dissociation curve was used to assess the primer
specificity. Primers sequences are shown in Supporting Informa-
tion Table S3. The data were analyzed by 2eDDCT method.

2.6. Western blot

Protein samples were extracted from cells and tissues using RIPA
lysis buffer with protease inhibitor (Beyotime, Jiangsu, China).
The proteins were separated on a 10% or 8% SDS polyacrylamide
gel and transferred to a nitrocellulose membrane (Pall Life Sci-
ences, Ann Arbor, MI, USA). Proteins were identified with anti-
bodies against FN1 (1:500, Proteintech, Wuhan, China), Collagen
I (1:500, Affinity Biosciences, OH, USA), SRSF1 (1:500, Pro-
teintech, Wuhan, China), and b-catenin (1:500, Proteintech,
Wuhan, China). b-Actin (1:1000, Proteintech, Wuhan, China)
served as a loading control. The membranes were incubated with
secondary antibodies (1:8000, Abcam, USA) for 1 h at room
temperature. Finally, Odyssey (Odyssey CLX, Biosciences, USA)
was used to detect and quantify protein expression.

2.7. Masson’s trichrome staining and immunohistochemistry

Lung tissues were fixed in 4% paraformaldehyde (Solarbio, Beijing,
China) and embedded in paraffin to prepare 5-mmtissue sections. The
tissue sections were deparaffinated and rehydrated in xylene and
different concentrations of ethanol. After incubation with 3%
hydrogen peroxide, the sections were heated to repair antigen and
cooled to room temperature. The sections were blocked with 50%
normal goat serum albumin for 1 h, followed by incubation with
Collagen I antibody anda-SMAantibody at 4 �Covernight. The next
day, sectionswere incubatedwith horseradishperoxidase-conjugated
secondary antibodies and colored by 3,30-diaminobenzidine (ZsBio,
Beijing, China). IHC analysis was measured by a fluorescence mi-
croscopy (DP80, Olympus, Japan). Hematoxylin and eosin (H&E)
and Masson’s trichrome staining were performed according to the
instructions of the kit (Solarbio, Beijing, China), and histopatho-
logical changes were observed under a microscope.

2.8. Wound healing assay

The PMLFs or MRC-5 cells were cultured in 6-well plates over-
night to determine the migratory ability of lung fibroblasts. The
cell monolayer was scratched on the tip of 200 mL plastic
micropipette and cultured under standard culture conditions. The
cells then were transfected and observed with Nikon Ts100 mi-
croscope (Nikon, Tokyo, Japan) at 0 and 24 h.

2.9. EdU fluorescence staining

A Cell-Light EdU Apollo 567 In Vitro Kit (RiboBio, Guangzhou,
China) was used to detect cell proliferation. PMLFs or MRC-5 cells
were cultured in 24-well plates. At 48 h after transfection the
experiment was carried out according to themanufacturer’s protocol.

2.10. Immunofluorescence staining

Lung fibroblasts were seeded into 24-well cell culture plates. After
transfection and treatment, the cells were fixed in 4% para-
formaldehyde at room temperature and then solubilized and blocked.
The cells were incubated with anti-a-SMA (1:200, Abcam), anti-
SRSF1 (1:50, Proteintech) and anti-b-catenin (1:200, Affinity) at
4 �Covernight.On the second day, FITC-conjugated goat anti-mouse
antibody (1:500, Alexa Fluor 594, Life Technology) or goat anti-
rabbit antibody (1:500, Alexa Fluor 488, Life Technology) was
added and incubated for 1 h in the dark condition. The nuclei were
counterstained with DAPI for 5 min. Immunofluorescence was
observed and analyzed under a fluorescence microscope.

For immunofluorescence of tissue cryosections, retrieved lung
tissues were fixed with 4% paraformaldehyde and embedded with
Tissue-Tek OCT (Sakura) at e80 �C. Six mm-thick sections were
cut in a Leica cryostat at e20 �C, post-fixed in acetone, and
labeled with the appropriate primary and secondary antibody.

2.11. Fluorescent in situ hybridization (FISH)

Fluorescent In Situ Hybridization Kit (Ribobio, Guangzhou,
China) was used to detect the location of LncDACH1. Lung



LncRNA DACH1 inhibits lung fibrosis 3605
fibroblasts were fixed in 4% paraformaldehyde and solubilized
with 0.4% Triton-100 for 10 min before blocking. Under dark
conditions, the cells were pre-hybridized at 37 �C for 30 min, and
the lncRNA FISH probe mixture was hybridized overnight at
37 �C. The cells were then washed under different conditions, and
the nuclei were stained with DAPI (Roche, Basel, Switzerland) for
5 min. Fluorescence microscopy was used to observe the samples.

2.12. Micro computed tomography (Micro-CT) of mouse lung

The lung tissue density of mice was quantitatively measured by
CT, and the degree of pulmonary fibrosis in each group was
determined. CT plain scan was performed by the following
methods: after anesthesia, the mice were placed on the scanning
bed and kept in a supine position, then the chest of the mice was
fixed with tape, and the living lung tissue of the mice was scanned
Figure 1 Loss of LncDACH1 results in pulmonary fibrosis in mice. (A)

mice was significantly greater than that of WT; n Z 4. (B) Forced vital c

inspiratory capacity (IC) as well as Flow-volume loops were reduced in Ln

PCR validated that mRNA expression of Fn1, Col1a1, Col3a1 and Acta2 w

of FN1 and Collagen I detected by Western blot assays; n Z 6. (E) Hyd

n Z 6. (F, G) H&E and Masson staining reveal more exacerbated lung tis

compared with WT mice; bar Z 50 mm; n Z 3. (H, I) Collagen I and a

histochemical analysis; scale bar Z 50 mm; n Z 3. (J, K) Collagen I and

n Z 3. Data are presented as mean � SEM; *P < 0.05, **P < 0.01; ns,
after setting the scanning parameters. The images were automat-
ically generated by the system workstation, and the images were
post-processed by the relevant system software. The structural and
morphological changes of lung tissue were observed to evaluate
the different degrees of pulmonary fibrosis with comparison to the
control group.

2.13. RNA pull-down

LncDACH1 probe was labeled with biotin and co-incubated with
streptavidin-coated magnetic beads to form complexes, followed
by protein enrichment by co-incubation with cell lysates. After
washing the beads, protein sample buffer was added and heated in
boiling water for 10 min. The SRSF1 target band was detected
after samples were electrophoretically separated (12.5% SDS-
PAGE) and assayed by Western blotting.
Micro-CT shows that the shadow area of the lungs in LncDACH1-KO

apacity (FVC), forced expiratory flow (FEF), FEV0.1, FEV0.1/FVC,

cDACH1-KO mice as detected by a flexiVent system; n Z 4. (C) qRT-

as promoted by LncDACH1 deficiency; n Z 6. (D) The protein levels

roxyproline content in LncDACH1-KO mice compared to WT mice;

sue morphology and increased fibrotic areas in LncDACH1-KO mice

-SMA were increased in LncDACH1-KO mice as shown by immuno-

a-SMA were stained by immunofluorescence analysis; bar Z 50 mm;

no significance. Micro-CT, micro computed tomography.



Figure 2 Anti-fibrotic effects of LncDACH1 in primary mouse lung fibroblasts. (A) qRT-PCR analysis shows that transfected LncDACH1 was

overexpressed in PMLFs; n Z 6. (B) The relative mRNA levels of Fn1, Col1a1, Col3a1, and Acta2 in LncDACH1-transfected cells after TGF-b1

induction; n Z 8. (C) LncDACH1 inhibited the protein expression of fibrotic markers caused by TGF-b1 in PMLFs; n Z 5. (D) The fluorescence

results of an EdU assay show the proliferation of PMLFs; scale bar Z 50 mm; n Z 5. (E) The migratory ability of PMLFs was attenuated by

LncDACH1, as detected by the wound healing assay; scale bar Z 200 mm; n Z 5. (F) Immunofluorescence staining indicated that TGF-b1-

induced a-SMA positive cells were impeded by the enhanced expression of LncDACH1 in PMLFs (scale bar Z 20 mm; n Z 5). Data are

presented as mean � SEM; *P < 0.05, **P < 0.01. PMLFs, primary mouse lung fibroblasts.

3606 Jian Sun et al.
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2.14. Determination of hydroxyproline

The collagen content in mouse lung tissues was assessed using the
hydroxyproline method. A 45-mg tissue sample was precisely
weighed and put into a test tube for hydrolysis according to the
instructions of the hydroxyproline assay kit (Jiancheng, Nanjing,
China). After adjusting the pH, the supernatant was taken to
determine the absorbance value at 550 nm.

2.15. Protein degradation assay

PMLFs were transfected with an LncDACH1 overexpression
plasmid at 48 h with the addition of translational inhibitor
cycloheximide (CHX, 50 mg/mL, Selleck, Shanghai, China) or
proteasome inhibitor MG132 (50 mmol/L, Selleck, Shanghai,
China), and then proteins were extracted after 0, 1, 2, and 4 h and
SRSF1 degradation was assessed by Western blot assay.

2.16. Lung function measurements

Invasive pulmonary function testing was measured with the flex-
iVent system (flexiVent; SCIREQ, Montreal, QC, Canada). In
brief, anesthetized mice were intubated and connected to a
computer-controlled ventilator system (tidal volume of 10 mL/kg
and frequency of 150 beats/min). Three acceptable measurements
were recorded (coefficient of determination >0.95) for each
mouse and the average was calculated.

2.17. RNA-binding protein immunoprecipitation (RIP)

A MagnaRIPTM RNA-Binding Protein Immunoprecipitation Kit
(Millipore, USA) was used to performed RNA-binding protein
immunoprecipitation (RIP) according to the manufacturer’s in-
structions. Briefly, RIP assays were performed with SRSF1 anti-
body or negative control immunoglobulin G (IgG; using
Millipore, USA). Cells were collected and lysed in RNA lysis
buffer. Then, 5 mg of SRSF1 antibody or IgG was incubated with
50 mL of magnetic bead suspension for 30 min at room temper-
ature to prepare the beads for immunoprecipitation. The magnetic
beads were resuspended with RIP immunoprecipitation buffer and
incubated with the cells at 4 �C overnight. The next day, the RNA/
magnetic bead complex was washed and resuspended in protein-
ase K buffer to isolate proteins. The immunoprecipitated RNAwas
then purified for agarose gel electrophoresis or qRT-PCR analysis.
IgG enrichment served as negative controls.

2.18. Statistics and analysis

Data are presented as the mean � standard error of mean
(SEM) of at least three independent experiments. Statistical
significance was calculated using a two-tailed t-test or one-way
analysis of variance (ANOVA) with a post-test Bonferroni-
corrected t-test. P < 0.05 was considered a statistically sig-
nificant difference. Statistical analyses were carried out using
GraphPad Prism 8.0.

3. Results

3.1. LncDACH1 deficiency causes pulmonary fibrosis in mice

In previous studies, we generated LncDACH1 knockout
(LncDACH1-KO) mice, which exhibited a marked reduction of
LncDACH1 in the lungs (Supporting Information Fig. S1A).
Unexpectedly, we observed that the lung shadow of LncDACH1-
KO mice was increased compared with that of wild-type (WT)
mice according to the results of micro computed tomography
(Micro-CT, Fig. 1A). In addition, forced vital capacity (FVC),
forced expiratory flow (FEF), FEV0.1, FEV0.1/FVC, inspiratory
capacity (IC) as well as flow-volume loops were also attenuated in
LncDACH1-KO mice (Fig. 1B), indicating that LncDACH1 was
closely related to the lung function of mice. We further detected
that loss of LncDACH1 induced mRNA levels of Fn1, Col1a1,
Col3a1 and Acta2, and protein expression of FN1 and Collagen I,
which are associated with pulmonary fibrosis (Fig. 1C and D).
Hydroxyproline was the most abundant in collagen, an indicator
that was elevated by knockout of LncDACH1 (Fig. 1E). Using
H&E staining and Masson’s trichrome staining on lung tissue
sections, we observed that knockout of LncDACH1 promoted
collagen deposition and increased fibrotic area (Fig. 1F and G).
Consistent with these results, immunohistochemistry and immu-
nofluorescence confirmed the upregulated expression of Collagen
I and a-SMA in the lungs of LncDACH1-KO mice (Fig. 1HeK),
indicating that LncDACH1-deficient mice exhibit spontaneous
pulmonary fibrosis.

To evaluate the role of LncDACH1 in pulmonary fibrosis, we
examined the expression of LncDACH1 in lung scar foci. As
shown in Fig. S1B and S1C, qRT-PCR analysis showed that the
expression of LncDACH1 was downregulated in lung tissues of
IPF patients and in BLM-treated mice.

Considering the heterogeneity of cells, we performed scRNA-
seq analysis of cells isolated from IPF and normal lungs. Firstly,
the GSE135893 dataset16 was analyzed by IPF Cell Atlas (http://
ipfcellatlas.com/)17. Based on relative similarity, four cell-type
groups were formed: Epithelial, Endothelial, Mesenchymal and
Immune. We found the expression of DACH1, which is the
LncDACH1 conserved sequence, were higher in fibroblasts rather
than in AT2 cells (Supporting Information Fig. S2A and S2B).
ScRNA-seq results from the Human Protein Atlas website (https://
www.proteinatlas.org/) showed that DACH1 was highly expressed
in endothelial cells, granulocytes cell and fibroblasts (Fig. S2C
and S2D). Consistent with the results in vivo, LncDACH1
expression was considerably decreased both in the lung fibroblasts
isolated from BLM-induced adult mice and in the TGF-b1-
induced primary mouse lung fibroblasts (PMLFs) (Fig. S2E and
S2F).

3.2. Overexpression of LncDACH1 alleviates TGF-b1-induced
fibrogenesis in mouse lung fibroblasts

To further understand whether LncDACH1 acts on fibroblasts, we
constructed LncDACH1 plasmids to successfully enhance
LncDACH1 expression in PMLFs (Fig. 2A). The mRNA expres-
sion of Fn1, Col1a1, Col3a1 and Acta2 was upregulated in
PMLFs induced by TGF-b1, but these alterations were reversed
after LncDACH1 overexpression (Fig. 2B). At the same time, the
protein expression of FN1 and Collagen I was lower in
LncDACH1-transfected PMLFs than that in TGF-b1-induced cells
(Fig. 2C). Since activation of fibroblasts is an important feature of
pulmonary fibrosis, we evaluated the regulatory effects of
LncDACH1 on the function of PMLFs. LncDACH1 was confirmed
to suppress the increased cell proliferation induced by TGF-b1
according to EdU fluorescence staining (Fig. 2D). The results of a
wound-healing assay showed that LncDACH1 inhibited the
migratory ability of lung fibroblasts (Fig. 2E). Immunofluores-
cence staining also showed that the transition of fibroblasts into a-

http://ipfcellatlas.com/
http://ipfcellatlas.com/
https://www.proteinatlas.org/
https://www.proteinatlas.org/


Figure 3 LncDACH1 regulates SRSF1 expression. (A)A FISH probe demonstrates that LncDACH1wasmainly expressed in the nucleus in PMLFs;

scale bar Z 20 mm; n Z 4. (B) AVen diagram shows the number of LncDACH1-binding proteins predicted by RBPmap, RBPDB and catRAPID

database. (C) The protein level of SRSF1 in lung tissue of LncDACH1-KOmice was significantly higher than that ofWTmice; nZ 5. (D) In PMLFs,

the expression of SRSF1was regulated by LncDACH1; nZ 5. (E) Cells were treated with CHX for 0, 1, 2, 4 h, respectively, to observe the degradation

of SRSF1 protein by LncDACH1; nZ 3. (F) The ability of LncDACH1 full length or LncDACH1 (835e1251) to bind SRSF1 was confirmed by RNA

pull-down; nZ 3. (G) RNA-binding protein immunoprecipitation (RIP) confirmed the interaction between LncDACH1 and SRSF1 in vitro; nZ 3. (H)

FISH and immunofluorescence staining in PMLFswas performed to detect expression and localization of LncDACH1 and SRSF1; scale barZ 10 mm;

nZ 4. Data are presented as mean � SEM; *P < 0.05; **P < 0.01. WT, wild-type; PMLFs, primary mouse lung fibroblasts; CHX, cycloheximide.

3608 Jian Sun et al.
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SMA positive myofibroblasts was diminished in the presence of
LncDACH1 (Fig. 2F).

3.3. LncDACH1 binds to SRSF1 to regulate its expression and
activity

The cellular localization of lncRNAs largely determines their
mechanism of action. Therefore, we designed FISH probes and
found that LncDACH1 was expressed in both cytoplasm and nu-
cleus, but mainly localized in the nucleus under physiological
conditions (Fig. 3A). Recently, studies have reported that
lncRNAs could directly bind to proteins and then regulate protein
expression and activity. We hypothesized that LncDACH1 partic-
ipated in fibrogenesis by interacting with nuclear proteins. By
using the RNA binding protein interaction database, including
RBPmap (http://rbpmap.technion.ac.il/manual.html)18, RBPDB
(http://rbpdb.ccbr.utoronto.ca/)19 and catRAPID (http://service.
tartaglialab.com/page/catrapid_group)20, the proteins binding
with LncDACH1 were predicted (Fig. 3B). Among the 9 predicted
proteins, SRSF1 attracted our interest because it primarily binds
with the LncDACH conserved sequence (Supporting Information
Fig. S3AeS3D). As illustrated in Fig. 3C, the protein level of
SRSF1 was increased in the lungs of LncDACH1-KO mice.
PMLFs transfected with LncDACH1 overexpression plasmid
inhibited the upregulation of SRSF1 induced by TGF-b1 (Fig.
3D). In addition, we used the translational inhibitor cyclohexi-
mide to detect the effect of LncDACH1 on SRSF1 stability in a
time-dependent manner. Protein analysis showed that the over-
expression of LncDACH1 augmented the degradation of SRSF1
protein (Fig. 3E). Moreover, the proteasome inhibitor MG132 did
not inhibit degradation of SRSF1 (Supporting Information Fig.
S4A), and there was no significant change in the amount of
ubiquitin protein binding to SRSF1 in the control group and the
overexpressed LncDACH1 group (Fig. S4B). These results indi-
cate that LncDACH1 does not rely on the proteasome or ubiq-
uitination to degrade SRSF1. We next performed an RNA pull-
down assay to explore whether LncDACH1 directly bound to
SRSF1. As expected, protein expression of SRSF1 was detected
by Western blotting after extraction of RNAeprotein complexes
(Fig. 3F). An RNA binding protein immunoprecipitation (RIP)
assay was carried out to evaluate the relationship between
LncDACH1 and SRSF1. We observed an enrichment of
LncDACH1 in the anti-SRSF1 antibody precipitates compared
with the IgG precipitates (Fig. 3G). Moreover, overexpression
LncDACH1 visibly attenuated the SRSF1 fluorescence in PMLFs
(Fig. 3H). Taken together, our results show that LncDACH1 binds
to SRSF1 to regulate its expression.

3.4. SRSF1 is necessary for the anti-fibrotic effects of
LncDACH1

To investigate the role of the LncDACH1 interaction with SRSF1
in lung fibrosis, we simultaneously transfected an LncDACH1
overexpression plasmid and an adenovirus-containing SRSF1
overexpression plasmid (Adv-SRSF1) into PMLFs. The infection
efficiency of Adv-SRSF1 was determined (Supporting Information
Fig. S5A). At the mRNA level, enhanced expression of SRSF1
inhibited the negative regulation of LncDACH1 on Fn1, Col1a1,
Col3a1, and Acta2 (Fig. 4A). SRSF1 also exhibited a promoting
effect on the protein expression of FN1 and Collagen I (Fig. 4B),
indicating that the inhibitory effect of LncDACH1 on fibrosis and
collagen deposition was restored by the expression of SRSF1.
Likewise, PMLFs with increased SRSF1 showed stronger prolif-
erative ability compared with LncDACH1-overexpressing cells
(Fig. 4C). In the context of TGF-b1, SRSF1 impeded the inhibi-
tory effect of LncDACH1 on cell migration and promoted the
transition of fibroblasts into myofibroblasts (Fig. 4D and E). These
findings suggest that SRSF1 acts as a downstream target gene of
LncDACH1, and mediates the antifibrotic effect of LncDACH1.

3.5. LncDACH1 inhibits Ctnnb1 expression by targeting SRSF1

Previous studies have shown that SRSF1 promotes b-catenin
protein accumulation by recruiting Ctnnb1 mRNA and enhancing
its biosynthesis21. Ctnnb1 is a key effector of the Wnt signaling
pathway and is involved in the pathogenesis of pulmonary
fibrosis22. We took lung tissues from LncDACH1-KO mice for
Western blot assays and found significant upregulation of the
b-catenin protein level (Fig. 5A). Subsequently, we found that
LncDACH1 could reverse the increased b-catenin expression
induced by TGF-b1 in vitro (Fig. 5B). However, the suppression of
b-catenin protein by LncDACH1 was abolished with SRSF1
overexpression (Fig. 5C). Moreover, immunofluorescent staining
showed that forced expression of LncDACH1 inhibited the
expression and nuclear translocation of b-catenin in TGF-b1-
treated PMLFs, whereas this effect was significantly attenuated
by SRSF1 overexpression (Fig. 5D).

Next, we constructed small interfering RNAs (siRNAs) to
silence LncDACH1 and Ctnnb1 and verified their efficiency
(Supporting Information Fig. S5B and S5C). As illustrated in Fig.
5E, silencing of LncDACH1 promoted the expression and nuclear
translocation of b-catenin, whereas this effect was markedly
inhibited by Ctnnb1 knockdown. qRT-PCR results showed that
LncDACH1 deficiency led to the upregulation of Fn1, Col1a1,
Col3a1, and Acta2, while silencing Ctnnb1 reversed the above
changes (Fig. 5F). Knockdown of Ctnnb1 inhibited the increased
protein expression of FN1, Collagen I, SRSF1 and b-catenin
caused by LncDACH1 deficiency (Fig. 5G). In addition,
LncDACH1 knockdown was sufficient to induce the proliferation
and migration of PMLFs, which was abolished by knockdown of
Ctnnb1 (Fig. 5H and I). According to the results of immunoflu-
orescence, the expression of a-SMAwas increased in LncDACH1-
silenced cells, while the inhibition of Ctnnb1 reversed the differ-
entiation of fibroblasts into myofibroblasts (Fig. 5J). Transfection
with si-LncDACH1 promoted b-catenin expression, and si-Srsf1
co-expression attenuated expression (Supporting Information Fig.
S6). Thus, our data reveal that Ctnnb1 is a key step in the regu-
lation of lung fibrosis by LncDACH1-targeting of SRSF1.

3.6. Enhanced expression of LncDACH1 prevents BLM-induced
pulmonary fibrosis in mice

To verify whether LncDACH1 exerts anti-fibrotic effects in vivo,
we constructed an adenovirus associated virus 5 (AAV-5) over-
expression plasmid containing LncDACH1, named AAV5-
LncDACH1. We administered AAV5-LncDACH1 intratracheally
14 days before BLM induction to observe the preventative effect
of LncDACH1 on lung fibrosis. Mice were euthanized on Day 21
after BLM injection and lung tissues were obtained for subsequent
studies (Fig. 6A). LncDACH1 increased in the lungs of AAV5-
LncDACH1-treated mice and decreased in the lungs of BLM-
treated mice (Supporting Information Fig. S7A). According to
qRT-PCR analysis, the mRNA levels of Fn1, Col1a1, Col3a1 and
Acta2 were suppressed by prophylactic LncDACH1 (Fig. 6B).

http://rbpmap.technion.ac.il/manual.html
http://rbpdb.ccbr.utoronto.ca/
http://service.tartaglialab.com/page/catrapid_group
http://service.tartaglialab.com/page/catrapid_group


Figure 4 Overexpression of SRSF1 limits LncDACH1 function. (A) qRT-PCR results indicate that the overexpression of SRSF1 normalized the

inhibitory effect of LncDACH1 on the mRNAs of fibrosis-related genes; n Z 6. (B) Protein expression of FN1, Collagen I and SRSF1 after

simultaneous overexpression of LncDACH1 and SRSF1; nZ 5. (C) EdU results (scale bar Z 50 mm; n Z 5) and (D) wound healing assays (scale

bar Z 200 mm; n Z 5) show the proliferation and migration of PMLFs after Adv-SRSF1 and LncDACH1 treatment. (E) Immunofluorescence

analysis shows that LncDACH1 inhibited the transition of fibroblasts into myofibroblasts by suppressing the expression of SRSF1. This effect of

LncDACH1 was abolished after overexpression of SRSF1. Scale bar Z 20 mm; n Z 5. Data are presented as mean � SEM; *P < 0.05;

**P < 0.01. Adv-SRSF1, SRSF1 overexpression adenovirus.
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Figure 5 Silencing Ctnnb1 abolishes the pro-fibrotic effect of LncDACH1 deficiency. (A) The protein levels of b-catenin were dramatically

increased in LncDACH1-KO mice; nZ 5. (B) Western blot analysis shows that LncDACH1 influenced the expression of b-catenin in PMLFs after

TGF-b1 treatment; n Z 5. (C) At the protein level, the negative regulation of b-catenin by LncDACH1 was reversed by Adv-SRSF1; n Z 5. (D)

SRSF1 suppressed the regulation of LncDACH1 on the expression and nuclear translocation of b-catenin; n Z 5. (E) Silencing LncDACH1

increased the expression and nuclear translocation of b-catenin; scale bar Z 20 mm; n Z 5. (F) As detected using qRT-PCR, knockdown of

LncDACH1 promoted the mRNA expression of Fn1, Col1a1, Col3a1, and Acta2, while this effect was alleviated by Ctnnb1 silencing; n Z 6. (G)

The protein expression of FN1, Collagen I, b-catenin and SRSF1 were inhibited by Ctnnb1 deficiency, as assessed by Western blots; n Z 4. (H, I)

Since LncDACH1 was silenced, proliferation (scale bar Z 50 mm; n Z 5) and migration (scale bar Z 200 mm; n Z 5) were enhanced, whereas

these effects were clearly abolished after si-Ctnnb1. (J) The differentiation of fibroblasts into myofibroblasts was enhanced by LncDACH1 siRNA

but abolished after transfection of Ctnnb1 siRNA; scale bar Z 20 mm; n Z 5. Data are presented as mean � SEM; *P < 0.05; **P < 0.01. WT,

wild-type; PMLFs, primary mouse lung fibroblasts.
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Western blots detected that FN1 and Collagen I induction by BLM
was impeded by AAV5-LncDACH1 (Fig. 6C). In addition, SRSF1
and b-catenin, the downstream targets of LncDACH1, were
similarly downregulated (Fig. 6C). Hydroxyproline content in
lung tissues of AAV5-LncDACH1-treated mice was lower
compared with that in AAV5-pcDNA3.1-treated mice after treat-
ment with BLM (Fig. 6D). After the lung tissues were fixed with
paraformaldehyde and subjected to H&E and Masson staining, the
mice injected with AAV5-LncDACH1 in advance showed obvious
improvement in lung tissue morphology and fibrotic area, indi-
cating that LncDACH1 inhibited fibrogenesis in vivo (Fig. 6E and
F). As shown by immunohistochemistry and immunofluorescence,
the increased expression of Collagen I and a-SMA induced by
BLM was significantly inhibited by LncDACH1 prevention
(Fig. 6GeJ). These results illustrate that LncDACH1 plays a
protective role in BLM-induced pulmonary fibrosis.

3.7. Forced expression of LncDACH1 attenuates the progression
of lung fibrosis in an established experimental model of lung
fibrosis in mice

Because of the complex triggers and long disease duration of
pulmonary fibrosis, early awareness and treatment are effective
ways to improve survival. In the therapeutic protocol, we injected
AAV5-LncDACH1 five days after BLM induction and sacrificed
the mice 21 days after BLM intratracheal administration
(Fig. 7A). LncDACH1 was overexpressed in the lungs of mice
treated with AAV5-LncDACH1 (Fig. S7B). The experimental



Figure 6 BLM-induced lung fibrosis is suppressed by LncDACH1. (A) Diagram of the animal experimental model of preventive LncDACH1.

Mice received AAV5-LncDACH1 intratracheally 14 days before BLM induction, and lung tissues were harvested 21 days later. (B) The relative

expression of fibrosis-related genes induced by BLM was suppressed by prior administration of AAV5-LncDACH1; n Z 6. (C) The effect of

LncDACH1 on the protein levels of FN1, Collagen I, b-catenin and SRSF1 in vivo was assessed by Western blotting; n Z 4. (D) Hydroxyproline

content was significantly reduced in the lungs of AAV5-LncDACH1-treated mice; n Z 6. (E, F) H&E and Masson staining indicated that advance

treatment with LncDACH1 inhibited BLM-induced lung morphological changes and the increase in fibrotic area; scale bar Z 50 mm; n Z 3.

(GeJ) Immunohistochemical experiments and immunofluorescent staining detected lighter staining for Collagen I and a-SMA in LncDACH1-

treated BLM-mice; scale bar Z 50 mm; n Z 3. Data are presented as mean � SEM; *P < 0.05; **P < 0.01. BLM, bleomycin; AAV5-

LncDACH1, adenovirus-associated viruses 5 containing LncRNA DACH1.
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Figure 7 Inhibitory effect of therapeutic LncDACH1 on pulmonary fibrosis. (A) Diagram of the animal experimental model of therapeutic

LncDACH1.Micewere intratracheally administeredAAV5-LncDACH1 onDay 5 after induction byBLMand euthanized 21 days later. To observe the

ameliorative effect of LncDACH1 on lung fibrosis progression. (B) mRNA levels of the fibrosis markers, Fn1, Col1a1, Col3a1, and Acta2, after

LncDACH1 treatment; nZ 6. (C) After fibrosis formation, LncDACH1 inhibited the relative protein expression of FN1, Collagen I, b-catenin and

SRSF1; n Z 4. (D) BLM increased hydroxyproline content, which was reversed upon AAV5-LncDACH1 treatment; n Z 6. (E, F) Therapeutic

LncDACH1 alleviated BLM-induced fibrotic changes in lung tissue; scale bar Z 50 mm; nZ 3. (GeJ) Immunohistochemical staining and immu-

nofluorescent staining show thatAAV5-LncDACH1 regulated the expression ofCollagen I anda-SMA in lung tissues; scale barZ 50mm; nZ 3.Data

are presented as mean � SEM; *P < 0.05; **P < 0.01. AAV5-LncDACH1, adenovirus-associated viruses 5 containing LncRNA DACH1.
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Figure 8 Effects of the conserved sequence of LncDACH1 on human lung fibroblasts (MRC-5). (A, B) As shown in the qRT-PCR experiments,

the suppression of mRNA expression of fibrosis markers by LncDACH1(835e1251) was consistent with that of full length LncDACH1; nZ 6. (C)

In MRC-5 cells, LncDACH1(full-length) and LncDACH1(835e1251) showed obvious inhibitory effects on TGF-b1-induced upregulation of FN1,

Collagen I, b-catenin and SRSF1 at the protein levels; n Z 4. The proliferation and migration of MRC-5 cells was detected by (D) EdU

3614 Jian Sun et al.
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results are consistent with the preventative regimen. After BLM
induction of pulmonary fibrosis in mice, the mRNA and protein
levels of fibrosis-related genes were suppressed by the enhanced
expression of LncDACH1 (Fig. 7B and C). The protein expression
of SRSF1 and b-catenin was similarly regulated by LncDACH1
treatment (Fig. 7C). Hydroxyproline content was not obviously
different from normal control mice after LncDACH1 treatment,
but significantly decreased in mice exposed to BLM (Fig. 7D). In
response to therapeutic AAV5-LncDACH1 treatment, the lung
tissues of mice showed less fibrotic area, lighter Collagen I and a-
SMA staining (Fig. 7EeJ), indicating that LncDACH1 is able to
impede the progression of lung fibrosis. What’s more, we
concurrently overexpressed LncDACH1 and SRSF1 in mice. Our
results reveal that LncDACH1 attenuated BLM-induced fibrosis in
mice, and SRSF1 reversed the function of LncDACH1 (Supporting
Information Fig. S8). These results demonstrate the antifibrotic
effects of the LncDACH1/SRSF1/Ctnnb1 axis.

3.8. Anti-fibrotic role of the conserved sequence of LncDACH1
in MRC-5 cells

LncDACH1 exhibited potent protective effects against pulmonary
fibrosis in a mouse model and in primary mouse lung fibroblasts.
We wished to determine if LncDACH1 also had the same effect on
human derived fibroblasts (MRC-5 cells). Since the excessively long
nucleotide sequence of LncDACH1 limits its medicinal potential, we
identified a sequence of LncDACH1(800e1200) likely to bind to
SRSF1 (shown in Fig. 3B), based on a previous study that showed
that the LncDACH1(835e1251) fragment is functional and highly
conserved. We detected SRSF1 and LncDACH1 (835e1251) inter-
action by RNA-pull down assay (Fig. 3H). qRT-PCR analysis
showed that LncDACH1(835e1251) expression was suppressed in
MRC-5 cells after induction by TGF-b1 (Fig. 8A). With regard to
fibrogenesis, LncDACH1(835e1251) significantly alleviated TGF-
b1 increased mRNA expression of FN1, COL1A1, COL3A1 and
ACTA2, while suppressing the up-regulated protein level of FN1,
Collagen I, b-catenin and SRSF1, and the efficiency was consistent
with that of full-length LncDACH1 (Fig. 8B and C). In addition, we
found that the LncDACH1(835e1251) inhibited migration, prolif-
eration and differentiation of MRC-5 cells (Fig. 8DeF). Immuno-
fluorescence assays showed that LncDACH1(835e1251) inhibited
the activity of b-catenin by reducing its nuclear translocation
(Fig. 8G). In summary, we have demonstrated that the conserved
sequence of LncDACH1 has an ameliorative effect on the activation
of human fetal lung fibroblasts.

4. Discussion

In the present study, we found that LncDACH1 was downregulated
in lung tissues of IPF patients and in BLM-treated mice, and
LncDACH1-KO mice spontaneously exhibit pulmonary fibrosis.
Mechanistically, we further show that LncDACH1 modulated
Ctnnb1 expression by targeting SRSF1, ultimately suppressing
lung fibroblast differentiation and ECM deposition. Moreover, we
identified the anti-fibrotic effects of LncDACH1 in vivo, providing
a potential preventive and therapeutic target for IPF.
(scale bar Z 50 mm; n Z 5) and (E) wound healing (scale bar Z 200

LncDACH1 hindered the inductive effects of TGF-b1. (F) Immuno

LncDACH1(835e1251) regulated the generation of a-SMA-positive cell

Distribution of b-catenin in MRC-5 cells after LncDACH1(835e1251) treat

*P < 0.05; **P < 0.01.
A growing understanding of IPF processes suggests that the
heterogeneity analyses in cells contributes to mechanistic explora-
tion. Due to the limitation of single cell sequencing in the detection
of lncRNA,we analyzed the humanDACH1 (LncDACH1 conserved
sequence) expression in different cell types. The results suggest that
DACH1 ismainly enriched in fibroblasts and endothelial cells. Also,
the successful clinical trials of pirfenidone and nintedanib, FDA-
approved antifibrosis agents, highlight the importance of the
epithelial cells and fibroblasts in pulmonary fibrosis23,24.

We used mouse lung fibroblasts and human fetal lung fibro-
blast MRC-5 cells to investigate the underlying mechanism of
LncDACH1, and found that LncDACH1 can inhibit the activation
of lung fibroblasts by negatively regulating the expression and
activity of SRSF1. We validated Ctnnb1 as a downstream target of
SRSF1 in fibroblasts, and the upregulation of SRSF1 promoted b-
catenin protein expression. As expected, overexpression of SRSF1
alleviated the protective effect of LncDACH1 against fibrogenesis,
both in PMLFs and in MRC-5. Correspondingly, the knockdown
of Ctnnb1 rescued the fibrogenesis triggered by LncDACH1
silencing. We carried out an in-depth study on the protective effect
of LncDACH1 and found that whether used for treatment or pre-
vention, LncDACH1 could attenuate the extent and progression of
pulmonary fibrosis in BLM-induced mice. Based on the present
results, we demonstrate that the LncDACH1/SRSF1/CTNNB1
pathway plays a crucial role in pulmonary fibrosis and may be a
novel drug target.

LncDACH1 initially attracted attention because its upregula-
tion in the failing hearts of humans and mice15. Many studies have
confirmed the crucial role of lncRNAs. A clinical analysis by Song
et al.25 demonstrated that LncITPF could be used as a diagnostic
marker for IPF patients. Some of our previous studies of lncRNAs
in pulmonary fibrosis have focused on lncRNAs as ceRNAs to
regulate miRNAs, which in turn affect the expression of down-
stream target genes. A previous study from our group has reported
that enhanced expression of lncRNA PFAR promotes lung fibrosis
by targeting miR-138/YAP1-Twist axis13. However, the functions
of lncRNAs are considered to be more complex and diverse. Since
LncDACH1 expression is mainly localized in the nucleus in fi-
broblasts, we predicted proteins that are likely to have the po-
tential to bind to LncDACH1 using the catRAPID, RBPmap and
RBPDB database, in which we focused on the splicing factor
SRSF1, and the above observations were further confirmed by
RNA pull-down assay. Our work reveals for the first time that
LncDACH1 competitively binds to SRSF1 in lung fibroblasts, and
thereby inhibits fibroblast proliferation and differentiation,
ameliorating pulmonary fibrosis.

SRSF1 is a classical member of the SR protein family, which
as a regulator of alternative splicing can produce different mRNA
isoforms26. The necessity of the SRSF1 protein was illustrated as
early as 2007 when it was reported that mice with a complete
knockout of SRSF1 are embryonic lethal27. Subsequently, an
increasing number of studies have found that SRSF1 is upregu-
lated in a variety of cancers and plays a regulatory role in the
immune system28. Reduced expression of SRSF1 enhances the
sensitivity of lung cancer cells to radiotherapy29. In our study, we
found that SRSF1 is increased in a pulmonary fibrosis model
mm; n Z 5) experiments; the full-length and conserved sequence of

fluorescence analysis revealed that LncDACH1(full length) and

s in human fetal lung fibroblasts; scale bar Z 20 mm; n Z 5. (G)

ment; scale barZ 20 mm; nZ 5. Data are presented as mean � SEM;
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in vivo, and overexpression of SRSF1 promotes the activation of
lung fibroblasts. With the further understanding of SRSF1, it has
been found that SRSF1 is not only involved in alternative splicing
but also closely relate to mRNA transcription, nuclear output,
translation, and protein sumoylation28,30. According to research
from Fu et al.21, SRSF1 can enhance the biosynthesis of CTNNB1,
leading to the accumulation of b-catenin protein, thus leading to
tumorigenesis. CTNNB1 is an essential part of the Wnt signaling
pathway and also plays an important role in fibrosis31. Therefore,
as a downstream target of SRSF1, CTNNB1 has attracted our
attention. Here, we found that the enhanced expression of SRSF1
increases the protein level of b-catenin, which further leads to the
upregulation of fibrosis-relevant genes. However, the function of
SRSF1 in fibrotic diseases is just beginning to be recognized.

The risk factors of IPF are very complex, and with the back-
ground of the COVID-19 pandemic, some studies have suggested
that pulmonary fibrosis may be a serious consequence of SARS-
CoV-2 infection32. Therefore, it is more urgent to develop anti-
pulmonary fibrosis drugs. Based on our results, we believe that
LncDACH1/SRSF1/CTNNB1 may become a new target for the
prevention or treatment of pulmonary fibrosis. In recent years,
drugs and other novel agents have been found to alleviate a variety
of diseases by targeting lncRNAs. Sprangers et al.33 used lipo-
somal spherical nucleic acid, which showed dose-dependent in-
hibition of lncRNA Malat1 and reduced cancer metastasis.
Oligonucleotide-based drugs have been designed for therapeutic
applications concerning IncRNAs because of the abilty to pre-
cisely target RNAs.34. Therefore, based on our study, LncDACH1
expression was reduced in lung fibrosis models in vitro and
in vivo, and overexpression of LncDACH1 alleviated collagen
deposition and lung fibroblast overactivation. To further illustrate
the protective role of LncDACH1 in pulmonary fibrosis, we con-
structed a conserved sequence plasmid of LncDACH1 containing
functional domains, which was consistent with the efficiency of
the full-length sequence, and similarly exhibited anti-fibrotic ef-
fects in human fetal lung fibroblasts. The discovery of functional
domains largely solves the problem of excessively long nucleotide
sequences of lncRNAs, which makes LncDACH1 promising as a
lncRNA-targeted drug for pulmonary fibrosis.

There are some limitations to our present study. Although we
demonstrated that upregulation of SRSF1 promotes the protein
expression and nuclear translocation of b-catenin, we did not
determine whether SRSF1 affects the degradation process of
CTNNB1. Moreover, lncRNA regulates post-translational
modification of proteins through ubiquitination, phosphoryla-
tion, acetylation and autophagy, thus affecting protein expres-
sion level and activity. Wang et al.35 found that lncRNA LINRIS
promotes aerobic glycolysis in colorectal cancer by preventing
the degradation of IGF2BP2 through the autophagyelysosome
pathway. Therefore, more comprehensive studies are war-
ranted to determine how lncRNA alter protein levels. As this
research was carried out without a pulmonary function test in
the therapy experiment, this could be considered a limitation to
this study.

5. Conclusions

Our study demonstrates that LncDACH1 negatively regulates the
level of CTNNB1 by binding to SRSF1 and inhibiting SRSF1
expression, which inhibits the activation of lung fibroblasts and
extracellular matrix deposition, thus participating in the process of
alleviating lung fibrosis. Therefore, it is possible to utilize
replacement of LncDACH1 to enhance its expression for the
prevention and treatment of IPF.
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