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A B S T R A C T

The main event in the progression of pulmonary fibrosis is the appearance of myofibroblasts. Recent evidence
supports pericytes as a major source of myofibroblasts. TGFβ/Smad2/3 and PDGF/Erk signaling pathways are
important for regulating pericyte activation. Previous studies have demonstrated that PDGFβR and TGFβR are
modified by core fucosylation (CF) catalyzed by α-1,6-fucosyltransferase (FUT8). The aim of this study was to
compare the effect of inhibiting CF versus the PDGFβR and TGFβR signaling pathways on pericyte activation and
lung fibrosis. FUT8shRNA was used to knock down FUT8-mediated CF both in vivo and in isolated lung peri-
cytes. The small molecule receptor antagonists, ST1571 (imatinib) and LY2109761, were used to block the
PDGFβ/pErk and TGFβ/pSmad2/3 signaling pathways, respectively. Pericyte detachment and myofibroblastic
transformation were assessed by immunofluorescence and Western blot. Histochemical and im-
munohistochemical staining were used to evaluate the effect of the intervention on pulmonary fibrosis. Our
findings demonstrate that FUT8shRNA significantly blocked pericyte activation and the progression of pul-
monary fibrosis, achieving intervention effects superior to the small molecule inhibitors. The PDGFβ and TGFβ
pathways were simultaneously affected by the CF blockade. FUT8 expression was upregulated with the trans-
formation of pericytes into myofibroblasts, and silencing FUT8 expression inhibited this transformation. In
addition, there is a causal relationship between CF modification catalyzed by FUT8 and pulmonary fibrosis. Our
findings suggest that FUT8 may be a novel therapeutic target for pulmonary fibrosis.

1. Introduction

The number of patients with pulmonary fibrosis continues to stea-
dily increase, and the absence of an effective therapy has led to heavy
economical and public health burdens throughout the world (Sköld
et al., 2019; Lunardi et al., 2018; Feng et al., 2019). Activation of
myofibroblasts and the production of an abundance of extracellular
matrix (ECM) is the pathophysiological mechanism of pulmonary fi-
brosis (Urushiyama et al., 2019；Shao et al., 2018). Moreover, ECM has
been found to increase lung ischemia and hypoxia, which further

promotes pulmonary fibrosis (Kathiriya et al., 2017；Braun et al.,
2018；Terashima et al., 2019).

Recent studies have demonstrated that pericytes, which regulate
microvascular circulation and physiological function may be an im-
portant source of myofibroblasts (Wang et al., 2019a, 2019b；Sava
et al., 2017；Kumar et al., 2017；Wang et al., 2017). The mechanism
of pulmonary fibrosis involves pericyte transdifferentiation into myo-
fibroblasts through the TGF-β/Smad2/3 and PDGFβ/Erk signaling
pathways (Underly et al., 2017; Hirooka et al., 2017；Pozdzik et al.,
2016; Castellano et al., 2019；Minutti et al., 2019). Thus, the blockade
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of a single signaling pathway may not significantly inhibit pericyte
activation. Previous studies have reported that the key receptors
(TGFβR and PDGFβR) are modified by α-1,6-core fucosylation (CF)
catalyzed by fucosyltransferase8 (FUT8) (Sun et al., 2017). CF mod-
ification catalyzed by FUT8 is an important method of modified gly-
cosylation (Chen et al., 2016; Shen et al., 2013; Hirano et al., 2017).
However, CF modification in pulmonary fibrosis remains unknown.
Therefore, we hypothesize that inhibition of CF modification of TGFβR
and PDGFβR can block pericyte activation and thus alleviate pulmonary
fibrosis.

To test our hypothesis, we established a bleomycin-induced murine
model of pulmonary fibrosis and an adenovirus-encapsulated
FUT8shRNA was used to knockdown C57BL/6 mice (CF modification of
many key proteins in the mouse lungs are inhibited). The small-mole-
cule receptor antagonists, imatinib (PDGFβR) and LY2109761 (TGFβR),
were given to block the PDGFβ/pErk and TGF-β/pSmad2/3 signaling
pathways, respectively as the single signal pathway inhibition groups.
The migration of pericytes and the effect on the transdifferentiation of
pericytes into myofibroblasts were compared. Finally, the effect of each
intervention on pulmonary pathology and ECM between the multi-
pathway group and single pathway groups were compared to further
clarify the impact of CF modification on pericyte activation in the
progression of pulmonary fibrosis.

2. Materials and methods

2.1. Care and use of laboratory animals

All experimental protocols were reviewed and approved by the
Committee on Ethics of Animal Experimentation of Dalian Medical
University. Animal experiments were conducted in accordance with the
regulations set by the institutional committee for the care and use of
laboratory animals, and approved by local authorities. Male C57BL/6 J
mice (age: 8 weeks; weight: 17 g–22 g; obtained from Dalian Medical
University) were housed in a 12 h light/dark cycle, and were provided
free access to food and water.

2.2. Reagents

Bleomycin (BLM; 15mg/per mouse) was produced by Nippon
Kayaku Co., Ltd. (batch number: 450260). Imatinib mesylate (ST1571)
was provided by Novartis Pharmaceutical Co., Ltd. (Beijing, China).
LY2109761 was purchased from Selleck Co. (United States). The
FUT8shRNA recombinant adenovirus was purchased from Wuhan
Genesil Biotechnology Co., Ltd. (Wuhan, China)

2.3. BLM mouse model of pulmonary fibrosis

The mice were anesthetized with 4% chloral hydrate (0.1 mL/10 g
body weight) via an intraperitoneal injection. Following local disin-
fection, the throat of each mouse was cut to expose the trachea via
blunt dissection. The BLM solution was injected quickly from the tra-
chea using a 1mL injector. The mice were placed vertically and turned
three to four times. Finally, the wound was sutured and the mice
awakened naturally.

2.4. Administration of STI571, LY2109761, and FUT8shRNA intervention
in animals

Mice in the different groups were gavaged with STI571 and
LY2109761 (100mg/day/kg) 24 h after BLM administration for three
weeks. The adenovirus-encapsulated FUT8shRNA (5′ GCUACUGAUGA
UCCUACUU dTdT 3′; 3′ dTdT CGAUGACUACUAGGAUGAA 5′) was
injected into the tail vein to establish a systemic infection one day after
BLM administration (1×106 PFU of Ad-FUT8shRNA [Genepharma]).
The mice were sacrificed on the 28th day and the lungs were collected.

2.5. Plasmids and lentivirus

shRNA fragments targeting the FUT8 gene, one expression clone
fragment encoding the full length of the FUT8 ORF sequence and the
corresponding negative control fragments were purchased from
Genepharma. Lentiviral particles were generated by following a stan-
dardized protocol using highly purified plasmids and EndoFectin-Lenti
and TiterBoost reagents. Cell transfection was conducted according to
our previous reports (Sun et al., 2017).

2.6. Pericyte isolation and culture

All experiments were performed in accordance with the Research
Ethics Committees of DaLian Medical University, China. We isolated
primary pericytes from C57BL/6 J mice. Briefly, the fresh lung tissue
was washed three times with Hanks’ balanced salt solution; the lung
tissues were removed and cut into 0.5 x 0.5mm small pieces, and the
lung tissues were digested with liberate TM (Roche Applied Science) for
approximately 50min at 37 °C on an orbital shaker. The digested lung
tissue was filtered through a 100 μm and 200 μm nylon mesh (Falcon,
BD, US). Mouse lung cells were collected in a 50mL centrifuge tube and
centrifuged. We added 4 μL rabbit anti- PDGFβR monoclonal antibody
(ab93563, Abcam, US) for 15min at 4 °C. Then, the lung pericytes were
suspended in 320 μL D-Hanks balanced salt solution and incubated in
80 μL anti-mouse IgG beads (Miltenyi Biotec) for 15min at 4 °C. After
washing three times, the bead-bound pericytes were seeded into ge-
latin-coated cell culture plates containing the pericyte medium
(ScienCell, US).

2.7. Animal model of STI571, LY2109761, and FUT8shRNA stimulation of
the transformed pericytes via interfering TGFβ1

The normal pericytes were cultured in pericyte medium. The in
vitro pericyte transformation model was established after incubating
the pericytes in TGF-β1 (5 ng/mL) for 72 h. Next, STI571 (10 μmol/L)
and LY2109761 (2 μmol/L) were added as intervetion. Chemically
synthesized FUT8-shRNAs were designed to target the FUT8 gene. The
shRNA sequence was identified using the mouse genome database to
assess any potential cross-reactivity. After synthesis, 20 nM FUT8shRNA
(5′ GCUACUGAUGAUCCUACUU dTdT 3′; 3′ dTdT CGAUGACUACUAG
GAUGAA 5′) and TGF-β1 (5 ng/mL) were incubated with the pericytes.
The pericytes in these intervention groups were observed for transfor-
mation at different time points.

2.8. Western blotting

The protein concentration of the whole lysates was determined
using BCA protein assay kits (Pierce Biotechnology, Rockford, IL).
Protein samples were heated to 100 °C for 5min, and 20mL aliquots
were separated via sodium dodecyl sulfate-polyacrylamide gel electro-
phoresis and transferred to polyvinylidene difluoride membranes. The
membranes were incubated with primary antibodies against FUT8, α-
SMA, p-Erk, or p-Smad2/3 (1:200; Abcam, US) in 10mL dilution buffer
(1 Tris-buffered saline, 0.1% Tween-20 with 5% bovine serum al-
bumin), with agitation overnight at 4 °C. The membranes were then
incubated with the appropriate horseradish peroxidase–conjugated
secondary antibody (1:5000; Zhongshan Biotechnology, Beijing, China)
in 10mL dilution buffer with agitation for 1 h at 25 °C. Bands were
detected using an ECL kit (Amersham) and protein expression was
quantified using Labworks Image Analysis software (UVP, Upland, CA).

2.9. Double immunofluorescent analysis

Frozen lung sections (5 μm) were incubated overnight with the
primary anti-PDGFβR antibody, anti-Desmin antibody, anti-α-SMA
antibody, anti-FUT8 antibody (1:100; Abcam, US), then incubated with
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an TRITC-goat anti-rat antibody and FITC-goat anti-rabbit antibody
(1:200; Zhongshan Biotechnology) for 30min at 25 °C in the dark. After
washing three times with PBS for 5min, the sections were counter-
stained and mounted as previously described. The slides were viewed
and the staining intensity was analyzed as previously described.

2.10. Histological examination

Following sacrifice, the right lungs were removed and fixed in 4%
paraformaldehyde, dehydrated, and embedded in paraffin. The paraf-
fin‑embedded tissue samples were sectioned into 5 μm slices and
stained with Masson's trichrome, and examined under a light micro-
scope (DP73; Olympus). The lung tissues were quantified via morpho-
metric analysis using a light microscope (Carl Zeiss, Thornwood, NY).
The quantification of fibrotic areas in the lung fibrotic regions were
evaluated via computer-based morphometric analysis (Olympus,
Tokyo, Japan).

2.11. Immunohistochemistry

Tissue samples in 5-μm slices were deparaffinized in xylene, hy-
drated with graded alcohol and then washed with 1% PBS.
Subsequently, these slices were first incubated in 10mmol/L citrate
buffer (pH 6.0) at 100 °C for 10min to retrieve the antigen and then
placed in 3% hydrogen peroxide for 15min at room temperature to
block any endogenous peroxidase activity. After rinsing with 1% PBS
three times, the sections were blocked with goat serum for 30min,
incubated with a rabbit polyclonal primary anti-timp1 antibody, anti-
collagen I antibody, anti-collagen III antibody (1:100, Abcame, US) at
4 °C overnight. Subsequently, the sections were washed with 1% PBS,
incubated with the corresponding goat anti-rabbit biotinlabeled sec-
ondary antibody (1:200; Beyotime, Shanghai, China) at 37 °C for 30min
and subsequently incubated in an avidinhorseradish peroxidase com-
plex (Beyotime). Proteins were visualized using DAB staining. The lung
tissues were quantified via morphometric analysis using a light mi-
croscope (Carl Zeiss, Thornwood, NY). Quantification of fibrotic areas
and positively stained lung fibrotic regions (brown color) were eval-
uated by computer-based morphometric analysis (Olympus, Tokyo,
Japan).

2.12. Statistical analysis

Data are expressed as the mean ± S.D. values. The statistical ana-
lysis was performed using an analysis of variance with a Tukey’s post-
hoc analysis. Statistical significance was set at P< 0.05.

3. Results

3.1. TGF-β1 increases the expression of FUT8, PDGFβR, and TGFβR in lung
pericytes

We used TGF-β1 stimulated pericytes as a model of pulmonary fi-
brosis in vivo. Pericytes derived from the lung were sorted using im-
munomagnetic beads and incubated with TGF-β1 for 48 h. The ex-
pression of FUT8, PDGFβR, and TGFβR were labeled with green
fluorescence. The results revealed that there was a moderate fluores-
cence intensity in the lung pericytes. The expression of FUT8, PDGFβR,
and TGFβR was significantly increased after the pericytes were in-
cubated with TGF-β1 (48 h), indicating that the expression of key
proteins was up-regulated in the process of TGF-β1-induced pericyte
transdifferentiation (Fig. 1A and B).

3.2. FUT8shRNA, STI571, and LY2109761 inhibited the expression of
endogenous FUT8, PDGFβR, and TGF-βR in BLM models

First, we found that FUT8 expression in the BLM mouse model was

upregulated and that FUT8shRNA downregulated FUT8 expression for
at least 28 days by Western blot. Second, we sought to determine
whether STI571 or LY2109761 can downregulate the expression of
PDGFβR and TGFβR in the BLM model. Our results showed that STI571
and LY2109761 can down-regulate the expression of PDGFβR and
TGFβR, respectively by Western blot (Fig. 2A and B). These findings
indicate that STI571 and LY2109761 inhibit the activation of PDGF/Erk
and TGF/Smad2/3 signaling pathways, respectively.

3.3. Comparison of the effects of FUT8shRNA, STI571, and LY2109761 on
pericyte transition

Pericyte transition is dependent on the activation factors secreted by
endothelial cells (Starling, 2017). Two markers (PDGFβR and Desmin)
were used to label pericytes in order to detect the effect of different
treatments on pericyte transdifferentiation in a BLM model. The in vivo
results confirmed that pericyte detachment and transdifferentiation
into myofibroblasts from endothelial cells (CD31+) cannot be com-
pletely inhibited following treatment with STI571 and LY2109761.
However, effective inhibition was observed in the FUT8shRNA group
by both immunofluorescence staining and Western blot analyses
(Figs. 3 and 4A).

To verify these results, the lung pericytes were incubated with TGF-
β1 for 48 h. We found that myofibroblast-like morphological changes
were observed in the pericytes along with increased expression of α-
SMA. STI571 and LY2109761 could not inhibit the expression of α-

Fig. 1. Upregulated FUT8, PDGFβR, and TGFβR proteins induced by TGF-β1 in
pericytes. A: The expression of FUT8, PDGFβR, and TGFβR was detected by
immunofluorescence in each group (magnification: × 400). B: Quantitative
analysis of immunofluorescence results. Scale bar, 50 μm. All data are expressed
as the mean ± S.D. values. TGF-β1 group was compared with the Control
group, #P < 0.01. Each experiment was repeated three times (n=6).
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SMA, whereas FUT8shRNA clearly blocked the expression of α-SMA
(Fig. 4B). These results indicate that multiple signaling pathways
(PDGFβ/pErk and TGF-β/pSmad2/3) are involved in the transdiffer-
entiation of pericytes into myofibroblasts in the pulmonary me-
senchyme. In addition, a blockade of a single signaling pathway does

not effectively inhibit pericyte transdifferentiation.

Fig. 2. FUT8shRNA, STI571, and LY2109761
inhibited the expression of FUT8, PDGFβR, and
TGF-βR, respectively in a BLM model. A:
Intervention effect of STI571, and LY2109761,
and FUT8shRNA by Western blot. B:
Quantitative analysis of Western blot. Western
blots were performed on the total lung lysate.
All data are expressed as the mean ± S.D.
values. #P < 0.01 versus the Normal group;
##P < 0.01 versus the BLM group. Each ex-
periment was repeated for three times (n=6).

Fig. 3. The effect of FUT8shRNA, STI571, and
LY2109761 on the pulmonary pericyte-myofi-
broblast transition. Representative images of
PDGFRβ (green) and CD31, α-SMA, Desmin
staining (red) and quantitative analysis. White
arrows indicate pericytes. *P < 0.01 versus
Control group; #P > 0.05 versus BLM group;
##P < 0.01 versus the BLM group. (For in-
terpretation of the references to colour in this
figure legend, the reader is referred to the web
version of this article).

Y. Sun, et al. International Journal of Biochemistry and Cell Biology 117 (2019) 105639

4



3.4. The effect of FUT8shRNA, STI571, and LY2109761 on pulmonary
pathology and ECM in a BLM model

In general, the lung tissue lost its original morphological structure
28 days following BLM administration. After ST1571 and LY21079761
in the BLM model of pulmonary fibrosis, lung pathology was moder-
ately alleviated. However, the degree of fibrosis in the FUT8shRNA
group was significantly reduced, which was greater than treatment with
ST1571 and LY2109761 (Fig. 5A). Collagen I and Collagen III are im-
portant components of the ECM (Zuo et al., 2017). MMP9 is involved in
the decomposition of extracellular matrix. TIMP-1 is an inhibitor of
ECM degrading enzymes (Hu et al., 2017). We used im-
munohistochemical methods to detect the expression of Collagen I,
Collagen III, TIMP-1 and MMP9. The results showed that FUT8shRNA
can obviously decrease the expression of Collagen I, Collagen III, and
TIMP-1, While elevated the expression of MMP9 and the effect was
substantially greater than the ST1571 and LY2109761 groups (Fig. 5B).
These findings indicate that CF modification catalyzed by FUT8 may be
a novel therapeutic target for pulmonary fibrosis.

3.5. Modification characteristics of CF catalyzed by FUT8 in pericyte
transdifferentiation

We further detected whether FUT8-catalyzed CF modification was
accompanied by pericyte transdifferentiation. After incubating peri-
cytes with TGF-β1 for 48 h, the expression of the green fluorescently
labeled FUT8 and red fluorescently labeled α-SMA increased sub-
stantially compared with the control group. After inhibiting CF mod-
ification with FUT8shRNA, the fluorescent intensity of FUT8 and α-
SMA decreased significantly (Fig. 6A). The double immunofluorescence
staining and Western blot analysis revealed that 28 days after BLM
administration, the expression of FUT8 and α-SMA were obviously up-

regulated in the pulmonary mesenchyme compared with the control
group. FUT8shRNA can obviously reverse the expression of α-SMA and
FUT8 in the pulmonary mesenchyme (Fig. 6B and C). These results
indicate that FUT8 is associated with expression of α-SMA, including
pericyte transdifferentiation.

3.6. Inhibition of CF modification via FUT8shRNA-mediated blockade of
the PDGFβ/pErk and TGF-β/pSmad2/3 signaling pathways

Our previous studies confirmed that PDGFβR and TGFβR are mod-
ified by CF and the effects of fucosylation of TGFβR and PDGFβR on
pulmonary fibrosis are independent of their protein expression levels
(Sun et al., 2017). Therefore, whether FUT8shRNA inhibits CF mod-
ification and the activation of multiple signaling pathways at the same
time. After incubating pericytes with TGF-β1 for 48 h in vitro, the ex-
pression of p-Erk and p-Smad2/3 were substantially up-regulated
(Fig. 7A). At the same time, FUT8shRNA inhibited the substantial
downregulation of p-Erk and p-Smad2/3 expression in the pulmonary
mesenchyme compared with the BLM group (Fig. 7B and C). The results
indicated that FUT8shRNA blocks the activation of multiple signaling
pathways by inhibiting CF modification.

4. Discussion

The present findings support the reported evidence that pericytes
are a substantial source of myofibroblasts, which is the direct cause of
pulmonary fibrosis (Hu et al., 2017; Zhao et al., 2017; Barron et al.,
2016; Wang et al., 2019a, 2019b). Inhibition of pericytes to myofi-
broblasts may be a significant target for pulmonary fibrosis. Moreover,
our study found that blocking CF can inhibit pericyte activation and
lung fibrosis.

Pericyte regulatory mechanisms are unclear. A complex interactive

Fig. 4. FUT8shRNA inhibited pulmonary pericyte-myofibroblast transition. A: α-SMA expression in the pulmonary mesenchyme of each group by Western blot and
quantitative analysis. B: PDGFβR and α-SMA expression in the pericytes of each group by immunofluorescence and quantitative analysis. *P < 0.01 versus Control
group; #P > 0.05 versus TGF-β1 group; ##P < 0.01 versus TGF-β1 group. Scale bar: 50 μm. All data are expressed as the mean ± S.D. values. Each experiment
was repeated three times (n=6).
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Fig. 5. FUT8shRNA, STI571, and LY2109761 treatment decreased pulmonary fibrosis in a BLM model. A: Masson staining and immunohistochemical examination. B:
computer-based morphometric analysis of pulmonary fibrosis in each group; #P<0.01 versus Control group; *P > 0.05 versus BLM group; ##P < 0.01 versus
BLM group.Each experiment was repeated three times. Magnification: × 400.
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network of signaling pathways exist between pericytes and endothelial
cells, such as TGF-β, PDGF (Yamamizu et al., 2017; Shah and Kang,
2018). This study also found that FUT8, PDGFβR, and TGFβR are key
proteins in pericyte activation (Fig. 1). Blocking the activation of a
single signaling pathway may not be sufficient to inhibit the develop-
ment of pulmonary fibrosis.

In our study, we used small molecule receptor antagonists, ST1571
and LY2109761 to block the activation of the PDGFβR and TGFβR, and
observed the ability of the pericytes to myofibroblasts. (Fig. 2). As an
important means of post-translational modification, glycosylation plays
an essential role in protein functionality (e.g., the recognition of li-
gands) (Gloster and Vocadlo, 2012; Chen et al., 2013; Wang et al.,
2006). Our previous studies have found that PDGFβR and TGFβR are
glycoproteins modified by CF catalyzed by FUT8 (Sun et al., 2017).
Therefore, we hope to treat FUT8 as a common target for the inter-
vention of multiple signaling pathways.

Pericytes do not have specific markers, their diverse characteristics
indicate that they have the capacity to easily differentiate (Rustenhoven
et al., 2016; Siedlecki et al., 2017). In our study, we used PDGFβR,
Desmin, and α-SMA to label pericytes. Consistent with previous reports,
we found that pericytes detached from endothelial cells and

transdifferentiated to myofibroblasts in primary cultured pericytes and
a BLM-induced mouse model (Figs. 3 and 4). This study revealed that
treatment with ST1571 and LY2109761 were unable to completely
block the detachment and transdifferentiation of activated pericytes. In
the FUT8shRNA group, the total number of pericytes (PDGFβR+, α-
SMA+, and Desmin+) in the pulmonary mesenchyme substantially
decreased (Fig. 3). These results indicate that pericyte activation was
regulated by multiple signaling pathways. A single pathway inhibitor
may be insufficient to inhibit pericyte activation. Therefore, CF has
been shown to an important regulator in pericyte activation.

There are reports in the literature that FUT8 can catalyze CF mod-
ification of surface antigen, receptor, and adhesion molecules (Li et al.,
2019). The small molecular receptor antagonists, STI571 and
LY2109761, can neither decrease the collagen fibers nor reverse the
destruction of the lung (Fig. 5A and B). However, we used FUT8shRNA,
which inhibited multiple signaling pathways by down-regulating CF
modification in the lungs, resulting in an obvious improvement in lung
fibrosis and pulmonary structure (Fig. 5). It is important to note that
FUT8shRNA improves the extent of lung pathology via inhibiting the
activation of the PDGF and TGF-β pathways, as well as FUT8-mediated
regulation of multiple proteins in pulmonary fibrosis.

Fig. 6. Expression change of FUT8, α-SMA before and after pericyte transition. A and B: Change in FUT8 and α-SMA protein expression in vitro and in vivo by double
immunofluorescent and quantitative analysis. C: Change in the expression of FUT8 and α-SMA protein in the pulmonary mesenchyme of each group by Western blot
and quantitative analysis. All the data are expressed as the mean ± S.D. values. Scale bar: 50 μm. *P < 0.01 #P < 0.01 versus the Control group. **P < 0.01
##P < 0.01 versus the BLM group. Each experiment was repeated for three times (n= 6).
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In the present study, we observed up-regulated FUT8 expression in
association with the pericyte transition process (Fig. 6). Moreover, si-
lencing FUT8 expression was shown to inhibit the transdifferentiation
of pericytes into myofibroblasts. Taken together, these results indicate
that the CF modification catalyzed by FUT8 may affect cell types other
than pericytes.

Cross-talk between the TGF-β and PDGF signalling pathways are
commonly found between endothelial cells and pericytes (Yamamizu
et al., 2017). TGF-β1 signaling induces the phosphorylation of Smad2/3
proteins, which controls the expression in fbrogenic genes (Shah and
Kang, 2018). PDGF signaling was reported to stimulate ERK1/2 acti-
vation in pericytes (Shah et al., 2018). Both the TGF-β/Smad and
PDGF/ERK pathways were activated following BLM inducd pulmonary

fibrosis in mice (Zhao et al., 2017). Moreover, our previous studies
confirmed that CF has been shown to affect the binding of receptors
(TGFβR and PDGFβR) and associated ligands (Sun et al., 2017). This
finding indicates that FUT8shRNA inhibits pericyte activation by in-
hibiting the expression of downstream phosphorylated proteins in-
volved in multiple signaling pathways (Fig. 7).

FUT8 plays an important regulatory role in the transdifferentiation
of pericytes into myofibroblasts, providing a potential “hub” target for
the treatment of pulmonary fibrosis. Due to the limitations of experi-
mental techniques, FUT8 expression in FUT8shRNA silenced mice is not
as accurate as that of conditional knockout mice, which require further
study.

Fig. 7. FUT8shRNA inhibited the expression of downstream phosphorylated proteins p-Erk and p-Smad2/3. A and B: p-Erk and p-Smad2/3 in the pulmonary
pericytes were detected in vitro and in vivo by immunofluorescent staining and quantitative analysis. C: p-Erk and p-Smad2/3 protein in the pulmonary mesenchyme
of each group by Western blot and quantitative analysis. Scale bar: 50 μm. *P < 0.01 #P < 0.01 versus the control group; **P < 0.01 ##P < 0.01versus BLM
group. All the data are expressed as the mean ± S.D. values. Each experiment was repeated three times (n=6).
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5. Conclusions

Our findings demonstrate that blocking CF in pericytes is more ef-
fective at preventing the transformation of these cells than small mo-
lecule inhibitors targeting the TGFβ and PDGFβR signaling pathways.
In addition, there is a causal relationship between CF modification
catalyzed by FUT8 and pulmonary fibrosis. Our findings suggest that
FUT8 may be a novel therapeutic target for pulmonary fibrosis.
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