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DAB2 promotes pulmonary fibrosis and may act as an
intermediate between IGF-1R and PI3K/AKT signaling pathways
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Abstract. Idiopathic pulmonary fibrosis (IPF) is a heteroge-
neous lung disease associated with high mortality. Disabled-2
(DAB?2), an adapter protein, regulates cell-fibrinogen adhe-
sion and fibrinogen uptake. DAB?2 is differentially expressed
in mouse fibrotic lungs induced by bleomycin according to
a genome microarray analysis based on Gene Expression
Omnibus database. However, the role of DAB2 in IPF has not
been revealed. A bleomycin-induced mouse model of pulmo-
nary fibrosis was constructed in the present study. It found that
the expression of DAB2 was upregulated in bleomycin-induced
fibrotic lung tissue with collagen fiber deposition and pulmo-
nary interstitium thickening. Colocalization of DAB2 with
a-smooth muscle actin (SMA) was observed in lung tissue
sections. In vitro, human lung fibroblast MRC-5 cells were
treated with TGF-f1 and the expression of DAB2 was increased.
Knockdown of DAB2 suppressed cell proliferation and the
expression of a-SMA, collagen I, collagen IV and fibronectin
in TGF-B1-treated MRC-5 cells. The phosphorylation levels
of PI3K and AKT were suppressed in DAB2-knockdown
cells. IGF-1/IGF-1R has been reported to promote pulmonary
fibrosis and activate the PI3K/Akt signaling. In the present
study, the activation of IGF-1/IGF-IR signaling pathways in
bleomycin-induced fibrotic lung tissues were positively asso-
ciated with DAB2 expression. The phosphorylation level of
IGF-1R was increased in MRC-5 cells with TGF-f1 treatment,
and DAB2 expression was decreased by silencing of IGF-1R.
This suggested that DAB2 might be a downstream target of the
IGF-1R pathway and thus induced PI3K/AKT signaling acti-
vation and fibrogenesis. The current study demonstrated the
importance of DAB2 in pulmonary fibrosis and suggested the
potential of IGF-1R/DAB2/PI3K in the pathogenesis of IPF.
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Introduction

Idiopathic pulmonary fibrosis (IPF) is a chronic interstitial
lung disease characterized by dense collagen accumulation
from alveolar epithelial cell damage and high fibroblast prolif-
eration. It can lead to chronic respiratory failure, physical
disability, and severe hypoxemia (1,2). The age of onset of IPF
was mainly over 50 years old, and male patients were more
than female patients in US (3). Unspecific early symptoms lead
to delayed diagnosis of IPF for years (4). Current treatments
for IPF include supplemental oxygen and anti-fibrotic drugs,
such as nintedanib and pirfenidone (5,6). However, the two
drugs only modestly reduce the rate of lung function deterio-
ration (7). Despite these treatments, the median 2-3 survival
of patients with IPF remains poor (8). Lung transplantation is
the only cure for IPF (9), but the shortage of donor organs has
resulted in only a minority of patients being able to undergo
lung transplants (10). Therefore, the development of new miti-
gation strategies, treatment methods and therapeutic targets is
urgently needed for patients with IPF.

Although the pathological mechanism of IPF has not
been elucidated, it is thought to be mediated by various
chemokines, growth factors and cytokines (11). It is impor-
tant to understand the mechanism of these factors in IPF to
accelerate the progress of IPF treatment. Insulin-like growth
factor (IGF-1) signaling has been found to be involved in
the progression of pulmonary fibrosis in human IPF tissues
and mouse models in previous studies (12,13). Meanwhile,
IGF-1 requires insulin-like growth factor receptor (IGF-1R)
to exert its function. The PI3K/Akt/mTOR signaling pathway
also plays an important role in pulmonary fibrosis. Growth
factors/ligands-mediated stimulation of receptor tyrosine
kinases (RTKSs) activate phosphatidylinositol-3 kinase (PI3K),
which in turn activates protein kinase B (Akt) and mammalian
target of rapamycin (mTOR). The mTOR promote collagen
synthesis and proliferation in fibroblasts, leading to pulmonary
fibrosis (14,15). Therefore, PI3K/Akt/mTOR signaling pathway
act as a downstream target of IGF-1/IGF-1R to play a role in
promoting pulmonary fibrosis.

Disabled-2 (DAB2), a member of the Disabled gene
family, encodes a mitogen-reactive phosphoprotein and is
widely expressed in human tissues, including kidney, heart,
lung, and skin. DAB2 has been reported to regulate cell-cell
and cell-fibrinogen adhesion, integrin alIbf3 activation,
fibrinogen uptake, and be involved in the regulation of
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TGF-p and Ras/MAPK/ERK signaling pathways (16-18).
Down-regulation of DAB2 inhibits bleomycin-induced skin
fibrosis and activation of systemic sclerotic skin fibroblasts
in mice (19). Reduced expression of DAB2 protects myocar-
dial cells from apoptosis under myocardial injury (20,21).
Differential gene expression analysis of Gene Expression
Omnibus (GEO) dataset showed that DAB2 was differentially
expressed in fibrotic lung tissues of C57BL/6 mice induced
by bleomycin (BLM). In the present study, we established a
mouse model of BLM-induced pulmonary fibrosis and showed
a significant up-regulation of pulmonary DAB2 in vivo. Here,
we hypothesized that DAB2 might play an important role in
IPF development. This study aims to investigate the specific
role and mechanism of DAB2 in pulmonary fibrosis and the
involvement of IGF-1R-related signaling pathways.

Materials and methods

Cell culture and transfection. MRC-5 cell line was purchased
from Zhong Qiao Xin Zhou biotechnology (Shanghai, China),
and cultured in minimum essential medium (MEM) (Solarbio,
Beijing, China) containing 10% fetal bovine serum (Tianhang
Biotechnology, Zhejiang, China) at 37°C with 5% CO, Specific
DAB?2 siRNA and IGF-IR siRNA (22) were transfected into
MRC-5 cell respectively when the cell density reached 70%.
After 24 h for transfection, cells were treated with 10 ng/ml
transforming growth factor-p1 (TGF-p1) (Sino Biological,
Beijing, China) for 24 h.

Ethical approval and Animal model. Animal procedures were
approved by the Ethics Committee of the Second Affiliated
Hospital of Xi'an Jiaotong University (Approval No. 2022-781)
and complied with the National Research Council's Guide
for the Care and Use of Laboratory Animals. Healthy male
C57BL/6 mice (6-8 weeks old, 19-21 g) which were purchased
from Liaoning changsheng biotechnology (China) with consis-
tent growth status were selected and randomly divided into
two groups (6 mice per group). Mice in each group were fed
freely at 12 h light/12 h dark, 22+1°C, and 45-55% humidity.
Anesthesia was induced with 2-3% isoflurane and maintained
with 1.5-2% isoflurane. BLM (Yuanye Bio-Technology,
Shanghai, China) was given intratracheally into mice (2 U/kg),
and the control group was given the same amount of saline.
After 21 days, the weight of the mice was measured. A human
endpoint was defined as a threshold of 20% weight loss. Mice
were sacrificed by CO, euthanasia in a chamber with a fill rate
of 30% of the chamber volume of CO, per min.

Immunofluorescence (IF). The cells were fixed in 4% parafor-
maldehyde (Sinopharm Chemical Reagent, Shanghai, China)
for 15 min, then immersed in PBS for 5 min and repeated
three times. The cell sections were incubated with 0.1%
tritonx-100 at room temperature for 30 min and immersed in
PBS to remove 0.1% tritonx-100 (Beyotime Biotechnology,
Shanghai, China). Before hatching the primary antibody,
the cell sections were immersed in 1% BSA (bovine serum
albumin) (Sangon Biotech, Shanghai, China) for 15 min.
The dilution ratio of the primary antibody was 1:100, and
the condition was 4°C overnight. After the primary antibody
was washed off, the secondary antibody diluted 1:200 was

added, and the cells were incubated at room temperature in
the dark for 1 h. The nuclei were stained with DAPI (Aladdin
Biochemical Technology, Shanghai, China). Finally, half
drops of anti-fluorescence quencher were added to the cell
sections. After sealing the slices, the staining was observed
under a fluorescence microscope (BX53, Olympus, Tokyo,
Japan). Primary antibodies of DAB2 (DF7792#) and a-SMA
(BF9212#) were purchased from Affinity Biosciences
(China), and Cy3-labeled goat anti-rabbit IgG (A270394#,
Invitrogen, Carlsbad, CA, USA) was used as the secondary
antibodies of DAB2 and a-SMA. The experiment was inde-
pendently repeated six times, and representative pictures
were selected.

The lung tissues were dehydrated with different concen-
trations of alcohol for corresponding time, and the alcohol
concentration were 70% (2 h), 80% (overnight), 90% (2 h),
100% (1 h), and 100% (1 h), respectively. After dehydration,
the lung tissues were waxed through, embedded, and sliced.
After deparaffinization, the sections were immersed in
95, 85, and 75% ethanol for 1 min each. After removing the
alcohol, the sections were subjected to antigen repair at low
heat for 10 min, followed by immersion in 1% BSA for 15 min.
The antibody was incubated at 4°C overnight at a dilution ratio
of 1:100 for the antibody used and 1:200 for the secondary
antibody. At last, the sections were counterstained with DAPI
and observed under a fluorescence microscope (BX53).
Cy3-labeled goat anti-rabbit IgG was used to detect DAB2,
and FITC-labeled goat anti-mouse IgG (ab6785#, Abcam,
Cambridge, UK) was used to detect a-SMA. The experiment
was independently repeated six times, and representative
pictures were selected.

Hematoxylin-eosin staining. After dewaxed to water, the lung
tissue sections were put in hematoxylin (Solarbio, Beijing,
China) solution for 5 min and soaked in distilled water for
5 min. The sections were put in 1% acid ethanol (99 ml 70%
ethanol and 1ml concentrated hydrochloric acid) and stay for
3 sec, then rinsed with tap water for 20 min, and soaked in
distilled water for 2 min. The sections were stained with eosin
(Sangon Biotech, Shanghai, China) solution for 3 min. Then
the stained slides were successively immersed in 75% (2 min),
85% (2 min) and 95% (2 min) ethanol and followed by dehy-
dration, transparent and seal. The staining was observed under
a light microscope (BX53).

Masson staining. After dewaxed to water, slices were stained
with hematoxylin solution for 6 min and followed by differ-
entiation with 1% acid ethanol for 3 sec. Then the slices were
rinsed with running water for 20 min and soaked in distilled
water for 2 min. The moisture on the sections was blotted with
absorbent paper, and the sections were stained with ponceau
red liquid dye acid complex for 1 min, which was prepared
as follows: 0.7 g ponceau (Sinopharm Chemical Reagent,
Shanghai, China) and 0.3 g acid fuchsin (Sinopharm Chemical
Reagent, Shanghai, China) were dissolved in 99 ml distilled
water, and Iml glacial acetic acid was finally added. After
staining, the sections were washed with 0.2% glacial acetic
acid aqueous solution (0.2 ml glacial acetic acid and 100 ml
distilled water). Subsequently, 1% phosphomolybdic acid solu-
tion was dropped for differentiation for 5 min, and the sections
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were stained directly with aniline blue solution for 5 min.
The aniline blue solution was prepared as follows: 2 g aniline
blue was dissolved in 98 ml distilled water, and 2 ml glacial
acetic acid was finally added. After staining, the sections were
dehydrated, transparent and sealed. The staining was observed
under a light microscope (BX53).

Real-time PCR (gPCR). The samples were lysed with 1 ml
TRIpure (BioTeke Corporation, Beijing, China) for 5 min.
200 p1 chloroform was added to the lysed samples for 3 min at
room temperature. After centrifugation, the upper liquid was
collected and mixed with the equal volume of isopropanol.
Then the mixture was placed at -20°C overnight. The frozen
sample was removed and centrifuged at 4°C for 10 min. the
supernatant was discarded, and the precipitate was allowed
to stand for 5 min. Total RNA was obtained by adding
30 ul Rnase-free ddH,O. Reverse transcription of RNA
was performed by BeyoRT II M-MLV reverse transcriptase
(Beyotime Biotechnology, Shanghai, China) to obtain cDNA.
Real-time PCR reaction system was configured according
to 2xTaq PCR MasterMix (Solarbio, Beijing, China) and
SYBR Green (Solarbio, Beijing, China) instructions.
GAPDH was used as an internal control for normaliza-
tion. The operating instrument is Exicycler™ 96 (Bioneer
Corporation, Daejeon, Korea). The instrument program was
as follows: 1) Incubation at 95°C for 5 min, 2) Incubation
at 95°C for 10 sec, 3) Incubation at 60°C for 20 sec, 4) Go to
line 2, Cycle 40, 5) Incubation at 72°C, for 2 min 30 sec, 6)
Incubation at 40°C for 1 min, 7) Melting 60°C to 94°C, Every
1°C for 1 sec, 8) Incubation at 25°C for 1-2 min, 9) Incubation
at 72°C for 30 sec. The primer sequences were as follows:
mus-Dab2 F: 5'-CCCTAATGACCCTTGATG-3"; mus-Dab2
R: 5-GGTGGGAAAGAAGTTGAGA-3'; homo-DAB2
F: 5-CCCTGAATGGTGATGTTG-3'; homo-DAB2 R:
5'-GGGATAATGGCTATGGAGT-3'; mus GAPDH F:
5S"TGTTCCTACCCCCAATGTGTCCGTC-3"; mus GAPDH
R: 5'-CTGGTCCTCAGTGTAGCCCAAGATG-3"; homo
GAPDH F: 5-GACCTGACCTGCCGTCTAG-3"; homo
GAPDH R: 5-AGGAGTGGGTGTCGCTGT-3".

Western blot (WB). RIPA (Radio Immunoprecipitation Assay
Lysis buffer) and PMSF (phenylmethanesulfonylfluoride)
(Solarbio, Beijing, China) were used to extract the protein of
the samples. The protein concentration was detected by BCA
protein concentration determination kit (Solarbio, Beijing,
China), and SDS-PAGE was performed by loading 20 ul
(10-20 ug) protein onto the gels, which were composed of
5% stacking gel and four different concentrations of sepa-
rating gels (8, 10, 12, 15%). GAPDH was used as a loading
control for normalization. After electrophoresis separation,
the protein was transferred to PVDF membrane (Millipore,
Billerica, MA, US), and the transferred protein was blocked
with 5% skim milk (Sangon Biotech, Shanghai, China). Then
the PVDF membrane was incubated with diluted antibody and
washed six times with TBST for 5 min each time. ECL chemi-
luminescence reagent (Solarbio, Beijing, China) was added
to the membrane, and the density values of the protein bands
were analyzed by Gel-Pro Analyzer 4.0 (Media Cybernetics,
Rockville, MD, US). The antibody incubation conditions are
shown in Table I.

CCK-8. MRC-5 Cells with and without transfection were
seeded in 96-well culture plates with 6x10° cells per well and
treated with 10 ng/ml TGF-f1. After 24 h, CCK-8 (Beyotime
Biotechnology, Shanghai, China) was added to the cells for
2 h culture, and the OD value of the cells at 450 nm was
determined by 800TS enzyme standard instrument (BioTek
Instruments, Winooski, VT, US).

Statistical analysis. All data analysis was completed on
Graphpad 8.0. Unpaired t-test was used to test the differences
between the two groups, and Ordinary One Way ANOVA was
used to analyze the gray values of protein bands. Significant
post hoc effects were revealed by the Tukey's post hoc test.
gPCR results were analyzed by 22°T method. All data were
presented as mean + standard deviation (SD) with at least three
biological repetitions in each group. P-value less than 0.05 was
considered statistically significant.

Results

The expression of DAB2 was significantly up-regulated in the
BLM-induced fibrotic lung tissue. Screening of the candidate
gene DAB2 was briefly described as following: two datasets
from GEO database including GSE42301 and GSES8553 were
used for analyzing the differentially up-regulated genes (ILog2
fold change (FC)I>1,P<0.05) in bleomycin-induced fibrotic lungs
of C57BL/6 mice. Genes with incomplete annotation informa-
tion and duplicated genes were removed from this project. There
are 30 overlapping genes between GSE8553 and GSE42301.
IGF activity is known to maintain human lung homeostasis and
involve in relevant pulmonary diseases with an inflammatory
component, including pulmonary fibrosis. Previous studies
have demonstrated the potential of treating pulmonary fibrosis
by targeting IGF-1R. Here, we aim to further investigate the
molecular mechanisms involved in IGF-1R signaling in idio-
pathic pulmonary fibrosis. The differentially down-regulated
genes (ILog2 FCI>1, P<0.05) in IGF-1R knockout mice were
analyzed based on GEO dataset GSE47065. Only 4 genes
(DAB2, TYROBP, FCERIG, and SFRPI1) were overlapped
among GSE8553, GSE42301 and GSE47065 as shown in the
Fig. S1. Genes with known function in lung fibrosis or without
any references in regulating fibrosis were not further considered,
and thus DAB2 was screen out in this project. Here, in the Fig. 1,
we included some data of bioinformatics analysis based on GEO
database to support our findings of the differentially expressed
DAB?2 in pulmonary fibrosis.

The differentially expressed genes in a mouse model
of BLM-induced pulmonary fibrosis were identified based
on GEO dataset (GSE8553), which contained 4 cases of
BLM-induced lung samples (GSM212539, GSM212540,
GSM212548, GSM212549) and 2 cases of Saline-treated
control samples (GSM212543, GSM212552). After bioinfor-
matics analysis, 244 differentially expressed genes including
74 down-regulated genes and 170 up-regulated genes that met
criteria (ILog, FCI>1, P<0.005) were obtained and showed
in a volcano map (Fig. 1A). The chromosomal distribution
of these genes was displayed in Fig. 1B. The differentially
up-regulated genes were showed by a hierarchical clustering
heatmap (Fig. 1C). The pulmonary expression of DAB2 was
significantly up-regulated in the BLM group (Fig. 1A-C).
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Table I. Conditions of the antibody incubation.

A, Primary antibodies

Name Cat. no. Company Dilution ratio Conditions
IGF-1 antibody DF6096 Affinity Biosciences, Ltd. 1:1,000 4°C overnight
IGF-1R antibody AF7709 Affinity Biosciences, Ltd. 1:1,000 4°C overnight
p-IGF-1R antibody AF4397 Affinity Biosciences, Ltd. 1:1,000 4°C overnight
DAB?2 antibody bs-5999R BIOSS 1:1,000 4°C overnight
Collagen I antibody A16891 ABclonal Biotech Co., Ltd. 1:1,000 4°C overnight
Collagen IV antibody AF0510 Affinity Biosciences, Ltd. 1:1,000 4°C overnight
Fibronectin antibody A12932 Affinity Biosciences, Ltd. 1:1,000 4°C overnight
o-SMA antibody BF9212 Affinity Biosciences, Ltd. 1:3,000 4°C overnight
PI3K antibody AF6241 Affinity Biosciences, Ltd. 1:1,000 4°C overnight
p-PI3K antibody AF3242 Affinity Biosciences, Ltd. 1:1,000 4°C overnight
AKT antibody AF6261 Affinity Biosciences, Ltd. 1:1,000 4°C overnight
p-AKT antibody AF0016 Affinity Biosciences, Ltd. 1:1,000 4°C overnight
GAPDH 60004-1-Ig  Proteintech Group, Inc. 1:10,000 4°C overnight
B, Secondary antibodies

Name Cat. no. Company Dilution ratio Conditions
Goat anti rabbit [gG-HRP  SE134 Beijing Solarbio Science & Technology Co., Ltd. 1:3,000 37°C1h
Goat anti rabbit [gG-HRP  SE134 Beijing Solarbio Science & Technology Co., Ltd. 1:3,000 37°C1h
Goat anti rabbit [gG-HRP  SE134 Beijing Solarbio Science & Technology Co., Ltd. 1:3,000 37°C1h
Goat anti rabbit [gG-HRP  SE134 Beijing Solarbio Science & Technology Co., Ltd. 1:3,000 37°C1h
Goat anti rabbit [gG-HRP  SE134 Beijing Solarbio Science & Technology Co., Ltd. 1:3,000 37°C1h
Goat anti rabbit I[gG-HRP  SE134 Beijing Solarbio Science & Technology Co., Ltd. 1:3,000 37°C1h
Goat anti rabbit [gG-HRP  SE134 Beijing Solarbio Science & Technology Co., Ltd. 1:3,000 37°C1h
Goat anti mouse I[gG-HRP  SE131 Solarbio (Beijing, China) 1:3,000 37°C1h
Goat anti rabbit [gG-HRP  SE131 Beijing Solarbio Science & Technology Co., Ltd. 1:3,000 37°C1h
Goat anti rabbit [gG-HRP  SE131 Beijing Solarbio Science & Technology Co., Ltd. 1:3,000 37°C1h
Goat anti rabbit [gG-HRP  SE131 Beijing Solarbio Science & Technology Co., Ltd. 1:3,000 37°C1h
Goat anti rabbit [gG-HRP  SE131 Beijing Solarbio Science & Technology Co., Ltd. 1:3,000 37°C1h
Goat anti mouse I[gG-HRP  SE131 Beijing Solarbio Science & Technology Co., Ltd. 1:3,000 37°C1h

Herein, pulmonary fibrosis was induced by direct tracheal
injection of BLM into the lungs of mice, and an equal volume
of normal saline was administered in the same manner as a
control (Fig. 1D). HE (Fig. 1E) and Masson (Fig. 1F) staining
showed the histopathological changes of the lung, and there
was obvious pulmonary fibrosis in the BLM group. The lung
index analysis showed that BLM induced a higher lung index
(P=0.0002) (Fig. 1G). All above results proved the successful
establishment of the mouse model of IPF. After verification by
qPCR, we found that the expression level of DAB2 mRNA was
significantly increased in BLM group (P<0.0001) (Fig. 1H).
The IF staining was observed extensive expression of DAB2
in the BLM group (Fig. 1I). In conclusion, the expression
of DAB2 was up-regulated in the BLM-induced pulmonary
fibrosis model of mice.

Knockdown of DAB2 inhibited TGF-f31-induced proliferation
of MRC-5 cells. In order to clarify the biological function

of DAB2, we explored its expression in MRC-5 cells and its
effect on cell proliferation. We revealed that the expression
of DAB2 was significantly observed in cells treated with
TGF-p1 (Fig. 2A), and the relative level of DAB2 mRNA was
increased in TGF-fB1 group compared with control (Fig. 2B).
WB was used to detect protein level of DAB2 in cells
transfected with specific siRNA of DAB2 (Fig. 2C, D). The
content of DAB2 was found to be significantly decreased in
DAB2-knockdown cells with and without TGF-B1 treatment
(P<0.0001). After TGF-1 treatment, it was found that the
cell concentration of DAB2-knockdown cells was signifi-
cantly decreased compared with that of cells transfected with
siNC (Fig. 2E).

DAB2-knockdown inhibited fibrogenesis. The results from
IF staining revealed that the expression of a-SMA in cells
with DAB2 knockdown was significantly reduced compared
with cells with siNC (Fig. 3A). In terms of the effect of DAB2
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Figure 1. Expression of DAB2 is significantly upregulated in the bleomycin-induced fibrotic lung tissue. (A-C) Results from differential gene expression
analysis based on Gene Expression Omnibus database. Lung samples from mice treated with saline (Control group) or bleomycin (BLM group) were set in
GSE8553. (A) Volcano plot showing 244 differentially expressed genes with blue dots representing downregulated genes (Log,FC<-1; P<0.005) and red dots
representing upregulated genes (Log,FC>1; P<0.005). (B) Chromosome mapping of these differentially expressed genes including DAB2, which is located
on chromosome 15. Boxplot in the center shows the pulmonary expression of DAB2 in Control and BLM mice. "P<0.05. (C) Hierarchical clustering heatmap
of differentially upregulated genes, in which the row represents genes and the column represents samples. The green line points out the position of DAB2.
(D) Schematic diagram of experimental paradigm for bleomycin-induced pulmonary fibrosis model in mice. (E) Hemoxylin and eosin staining of lung tissue
sections of mice (scale bar, 100 ym). (F) Masson staining of lung tissue sections of mice (scale bar, 100 gm). (G) Mouse pulmonary index. (H) Relative
mRNA level of DAB2 in lung tissues. "“P<0.001 vs. control. (I) Immunofluorescence staining of lung tissue sections of mice, the white arrow indicates the
location where DAB?2 is co-expressed with a-SMA (scale bar, 50 ym). Data were presented as mean + SD with six biological repetitions in each group. DAB2,
Disabled-2; FC, fold-change; BLM, bleomycin; SMA, smooth muscle actin.

on fibrogenesis, WB was used to detect the levels of related = DAB2-knockdown cells was decreased compared with siNC
proteins in the process of fibrosis. We found that the expres-  group (Fig. 3B). Therefore, DAB2-knockdown could inhibit
sion of Collagen I, Collagen IV, Fibronectin, and a-SMA in  fibrogenesis.
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Figure 2. Knockdown of DAB2 inhibits TGF-f1-induced proliferation of MRC-5 cells. Myofibroblast differentiation of MRC-5 cells (human embryonic
lung fibroblasts) under TGF-f1 induction for 24 h. (A) Immunofluorescence staining of DAB2 in MRC-5 cells with TGF-f1 treatment (scale bar, 50 pm).
(B) Relative mRNA level of DAB2 in TGF-1-treated MRC-5 cells. ““P<0.001 vs. control (C) Protein level of DAB2 in MRC-5 cells transfected with specific
siRNA targeting DAB2. (D) Protein level of DAB2 in MRC-5 cells after transfection of siRNA targeting DAB2 in the presence of TGF-f1. (E) Proliferation of
MRC-5 cells was detected by Cell Counting Kit-8. Data were presented as mean = SD with three biological repetitions in each group. “P<0.01 and ““P<0.00.
ns, no significance; DAB2, Disabled-2 actin; si, short interfering; NC, negative control.

Knockdown of DAB?2 inhibited PI3K/AKT signaling pathway.
A decrease in the phosphorylation levels of PI3K and AKT
was found in MRC-5 cells with DAB2 knockdown (Fig. 4).
It indicated that knockdown of DAB2 in MRC-5 cells inhib-
ited phosphorylation of PI3K and AKT and thus suppressed
PI3K/AKT signaling pathway.

DAB?2 might be a downstream target of IGF-IR signaling. In the
constructed mouse model, the protein levels of IGF-1, p-IGF-1R
and IGF-1R were detected by WB. It revealed that the phosphory-
lation level of IGF-1R was significantly increased (P<0.001) and
protein level of IGF-1 was increased (P<0.001) (Fig. 5A). In vitro
cell experiments, it was found that the phosphorylation level of
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IGF-1R was increased in cells induced by TGF-p1 (P=0.0012)
(Fig. 5B). Protein-protein interaction (PPI) network analysis
based on the GeneMANIA database (http://genemania.org/)
showed a potential genetic interaction between DAB2 and
IGF-IR (Fig. 5C). We further knocked down IGF-1R in MRC-5
cells and examined the expression level of DAB2 in this cell.
IF staining showed that the number of positive cells in the
IGF-1R-knockdown group was significantly lower than that

in the TGF-f1 treatment group without IGF-1R- knockdown
(Fig. 5D). QPCR found that the relative mRNA level of DAB2
also decreased (P=0.0021) (Fig. SE).

Discussion

IPF is one of the most aggressive forms of idiopathic intersti-
tial pneumonia and the most common form of interstitial lung
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Figure 6. Schematic of the mechanism for DAB2 involvement in PI3K/AKT signaling pathway induced by IGF-1/IGF-1R in fibroblasts. IGF-1/IGF-1R activates
the downstream PI3K/AKT signaling pathway, thereby causing collagen production and fibroblast proliferation, which leads to pulmonary fibrosis. The present
study found that knockdown of DAB?2 inhibited the expression of fibrosis-related genes and proliferation of fibroblasts. In addition, the inhibitory effect of
DAB?2 on the phosphorylation of PI3K and AKT was also confirmed. Eventually, it was revealed that deletion of IGF-1R suppressed the expression of DAB2.
DAB2, Disabled-2 actin; IGF-1, insulin-like growth factor; IGF-1R, IGF-1 receptor; p, phosphate.

diseases, resulting in decline in lung function and progressive
respiratory failure (23). Previous studies have found that the
pathogenesis of IPF involves numerous growth factors, cyto-
kines and signaling pathways (15), whether these factors can
be used as targets for the treatment of IPF and the specific
mediator of these signaling pathways in IPF have been the
focus of contemporary research.

In studies on fibrotic diseases (19,24), the regulatory effect
of DAB2 on fibrogenesis has been revealed. In this study, we
will initially reveal the important role of DAB2 in pulmonary
fibrotic diseases. DAB2 expression has been shown to be
upregulated in skin fibrosis models (19). Herein, we confirmed
the up-regulation of DAB2 expression in BLM-induced pulmo-
nary fibrosis in mouse. In vitro, we observed that the deletion
of DAB2 caused the down-regulation of fibrosis marker genes,
indicating that DAB2 may play an important role in pulmo-
nary fibrosis. From the above elaboration, we predict that the
expression of DAB2 is up-regulated in fibrotic tissues, and the
degree of fibrosis and the expression of related genes were
significantly inhibited after knockdown of DAB2. It further

presumes that the general inhibitory effect of DAB2 in fibrotic
diseases. In addition, most studies have reported the inhibitory
effect of DAB2 on cell proliferation (25,26). We found that
DAB2-knockdown inhibited the proliferation of MRC-5 cells,
which is in agreement with previous research reports.

DAB2, as an adapter molecule, can regulate related
signaling pathways to play physiological roles (27). For
example, DAB2 can activate TGFp-R to associate with
Smad signaling pathway (18). In the Wnt signaling pathway,
DAB?2 plays a regulatory role by linking its PTB domain to
the domain of Disheveled (28). However, whether DAB2 is
involved in IGF-1R-related pathways is still unclear. In addi-
tion, numerous studies have reported the pro-fibrotic function
of IGF-1/IGF-1R. In a streptozotocin (STZ)-induced mouse
diabetes model, activation of IGF-1 induced fibrogenesis in
diabetic kidneys, and inhibition of IGF-1R could ameliorate
tubelointerstitial fibrosis (29). Deficiency of IGF-1R attenu-
ated the acute inflammatory response in bleomycin-induced
lung injury (30). IGF-1R-deficient mice exhibited an improved
degree of pulmonary fibrosis (31). In our study, we found
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that IGF-1 and IGF-1R were upregulated in BLM-induced
pulmonary fibrosis. It had an elevated phosphorylation level
of IGF-1R in vitro. Above all suggested that IGF-1/IGF-1R has
a crucial role in pulmonary fibrosis. It was worth mentioning
that the same promoting effect of DAB2 and IGF-1/IGF-IR in
pulmonary fibrosis led us to speculate the possible interaction
mechanism between DAB2 and IGF-1/IGF-1R. Therefore, the
interactions between DAB2 and its upstream (and downstream)
molecules were explored preliminarily in our study.

While studying the function of DAB2, we found
that the phosphorylation levels of AKT was decreased
in DAB2-knockdown cells. Interestingly, DAB2 has
been reported to bind AKT through proline-rich domain
(PRD) (32). Another report revealed it played an essential
role in AKT recruitment. AKT is a central mediator in the
PI3K-AKT-mTOR signaling pathway and indispensable in
this signaling pathway (33). It confirmed that DAB2 is able
to regulate this signaling pathway through AKT. However,
there is another possibility that DAB2 can directly act on
PI3K, since the phosphorylation level of PI3K is signifi-
cantly inhibited in DAB2-knockdown cells. As described
in introduction, IGF-1/IGF-1R can activate this pathway to
affect pulmonary fibrosis. In the current study, the results
from immunofluorescence staining and real-time PCR
showed that the expression level of DAB2 was significantly
inhibited in IGF-1R-knockdown cells, suggesting that DAB2
might be positively regulated by IGF-1R. The lack of a
more effective quantification, such as flow cytometry, for
the difference in DAB2 expression levels might be a limita-
tion of the study. Though microscopy analysis may not be
the most effective measurement, the present results clearly
showed the difference in DAB2 expression in the absence of
IGF-1R. As a consequence, IGF-1R has some effect on DAB2
and PI3K/Akt/mTOR signaling pathway. In the regards of
exploring the relationship among them, although the interac-
tion between IGF-1R and DAB?2 is still unclear, it is possible
that IGF-1/IGF-1R may regulate PI3K/Akt/mTOR signaling
pathway through DAB2.

The present work is a preliminary study revealing the
potential contribution of DAB2 to the development of IPF.
Here, we mainly focused on in vitro studies and revealed the
profibrotic role of DAB2 in TGF-B1-induced MRC-5 cells,
which provides a novel direction for better understanding the
pathogenesis of pulmonary fibrosis. This study failed to eluci-
date the role of DAB2 in IPF in vivo and more studies need to
be carried out in animal models of pulmonary fibrosis. The
lack of clinical samples supporting the expression of DAB2
in IPF is also a limitation of the study. Another innovative
discovery of this study is that DAB2 might be regulated by the
upstream IGF-1R signaling and intervened the downstream
PI3K/Akt signaling, which suggests that IGF-1/IGF-1R may
affect pulmonary fibrosis via DAB2-mediated PI3K/AKT
signaling. Obviously, our study is far from sufficient to unveil
the regulatory mechanisms among DAB2, IGF-1/IGF-1R and
PI3K/Akt/mTOR signaling pathway. The underlying mecha-
nisms of DAB2 in IPF and the interaction with IGF-1/IGF-1R
signaling pathway need further investigation both in vitro and
in vivo. A knockout mouse model for IGF-IR or DAB2 would
be helpful to evidence the role of DAB2 and the potential
interaction with IGF-1/IGF-1R in IPF development. Although

the absence of IGF-1R or DAB2 knockout mice could be a
limitation of the present study, the findings of the present
study provide novel insights into the pathogenesis of IPF and
a potential therapeutic target for pulmonary diseases, which
are of significance for basic and clinical research fields of IPF.

Our results revealed an upregulation of DAB2 in
lung tissues of mice with bleomycin-induced pulmonary
fibrosis and in TGF-B1-induced MRC-5 cells. In vitro
studies elucidated that DAB2 could promote the expres-
sion of fibrosis-related genes and the proliferation of
fibroblasts. It suggests that DAB2 might play an important
role in promoting pulmonary fibrosis. In addition, our
results showed the activation of IGF-1/IGF-1R signaling
in in vivo and in vitro models of pulmonary fibrosis. We
further demonstrated that IGF-1R positively regulated the
expression of DAB2, and DAB2 positively regulated the
phosphorylation of PKT and AKT in vitro. It suggests that
DAB2 may act as an intermediate between IGF-1/IGF-1R
and PKT/AKT signaling pathway and thus inducing
fibrogenesis. A schematic summarizing the mechanism of
promoting effect of DAB2 in pulmonary fibrosis is shown
in Fig. 6. Our study provides more possibilities for the
pathogenesis of pulmonary fibrosis and a new therapeutic
target for the treatment of pulmonary fibrosis.
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