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ABSTRACT - Purpose: Silicosis is a serious occupational disease that is characterized by pulmonary infiltrates
and fibrosis and is often refractory to current treatments. New therapeutic strategies for silicosis are needed.
Hepatocyte growth factor (HGF) is a latent anti-inflammatory and anti-fibrotic growth factor. Methods: We
prepared a polyethyleneimine-polyethylene glycol/pHGF/hyaluronic acid (PEG-PEI/pHGF/HA) nanomaterials
loaded with plasmid DNA encoding HGF gene to increase its transfection efficiency. The characterization,
including DNA entrapment efficiency, morphology, particle size, and zeta-potential of PEG-PEI/pHGF/HA was
studied. And a PEG-PEI/pHGF/HA (N/P=30:1) nanoparticle with low toxicity and high transfection efficiency
was used in treatment for silicosis in mice. Results: The results showed that the human HGF expression in the
lungs of the mice was increased, and the inflammatory cell infiltration and fibrous collagen deposition was
significantly reduced. Conclusion: Therefore, PEG-PEI/pHGF/HA nanoparticle warrant further investigation and
may be a potential therapeutic strategy for silicosis.

INTRODUCTION anti-fibrosis (7), anti-nociceptive (8), etc. In our
previous studies, we found that intramuscular
Silicosis, a serious occupational lung disease caused injection of a naked plasmid encoding human HGF
due to continuous inhalation of crystalline silica gene (pHGF) into injured tissue significantly
(Si02) (particles smaller than 10 um in diameter), is attenuated chronic post-surgical pain induced by
characterized by pulmonary infiltrates and fibrosis skin/muscle incision and retraction. The analgesic
(1). At present, patients with silicosis generally effect of HGF was associated with promoting blood
receive only supportive treatment, mainly to increase flow along with proliferation of satellite cells and
blood oxygen or control infection-oxygenation inhibiting inflammatory cells recruitment along with
therapy, antibiotics, and respiratory exercises (2). collagen accumulation (9, 10). In addition, local
However, the therapeutic effect of the traditional injection of naked pHGF improved the Kidney injury
treatments is not as effective as expected. Lung and renal fibrosis induced by gentamicin (7).
transplantation may be the only treatment for patients However, the effect of pHGF on silicosis is still
in final stage or advanced phrase (3). Therefore, unclear.
novel therapeutic approaches that prevent silicosis Previous studies and our experiments showed
and delay fibrosis are urgently required. that naked plasmid DNA injection was a safe,
Hepatocyte growth factor (HGF), a feasible and economical gene transfer approach (10,
plasminogen-related and  mesenchyme-derived 11), but its therapeutic efficacy was limited due to
pleiotropic growth factor, is secreted by stromal cells low transfection and transgene expression in lungs by
and mesenchymal cells (4). Many studies have inhalation. In order to address this issue, various gene
reported that HGF has several molecular functions carriers, such as polyethyleneimine (PEI),
including anti-apoptosis (5), anti-inflammatory (6), polyamidoamine (PAM), along with arginine-rich
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peptides, were developed to improve the transfection
efficiency of therapeutic plasmid DNA into the lungs
(12). PEI is widely used in gene delivery because of
its proton sponge effect and excellent gene
expression (13). However, the toxicity of PEI-based
vectors poses a serious challenge for developing safe
and successful gene therapies. Various strategies,
including conjugation of polyethylene glycol (PEG),
modification with folic acid (FA),
arginylglycylaspartic acid (RGD) and isoleucine-
lysine-valinealanine-valine (IKVAV) peptides, have
been used to overcome the limitations of PEI (14).
Masaki et al. have transferred hHGF gene into the
lung by MAA-PEI, resulting in reduced
inflammation and fibrosis after bleomycin injury
(15). Studies have found that PEG-modified PEI
could reduce its cytotoxicity. However, PEG
modification could neutralize the positive charge of
PEI and change its configuration, leading to the
reduction of the transfection efficiency (16). To
improve transfection efficiency and targeting,
hyaluronic acid (HA) was introduced to modify
PEG-PEI. HA is a linear macromolecule of
mucopolysaccharide, consisting of alternately linked
glucuronic acid and N-acetylglucosamine (17). HA
is highly viscous, non-immunogenic, biocompatible,
and degradable (18). HA and polycation coupling
have significantly increased serum stability and
receptor-mediated endocytosis (19). HA modified
PEI demonstrated low cytotoxicity but high gene
transfection efficiency (20).

In the current study, a combination with pHGF
and HA modified PEG-PEI nanomaterials (PEG-
PEI/pHGF/HA) was evaluated in mouse silicosis
model. The PEG-PEI/pHGF/HA gene therapy was
low toxicity and high transfection efficiency in lungs
of mice. After treatment with PEG-PEI/pHGF/HA,
the HGF expression in the lungs of the mice was
increased, and the deposition of collagen was
significantly reduced. The results suggested that the
PEG-PEI/pHGF/HA gene therapy has a potential to
treat the refractory silicosis.

MATERIALS AND METHODS

Materials

Methoxypoly  (ethylene  glycol)  succinimidyl
propionate (M-PEG-SPA, Mw=5 kDa) was obtained
from Chemgen Pharma (Beijing, China); HA
(Mw=10 kDa) was obtained from Bloomage Freda
Biopharm Co., Ltd (Shandong, China); b-PEI
(Mw=25 kDa) and silica (Mw: 60.08 g/mol,
monodisperse, non-porous, 3.0 um) were purchased

from Sigma-Aldrich (St. Louis, MO, USA); CCK-8
was obtained from Bimake.cn. Male C57BL/6 mice
(20£2 g) were obtained from SPF (Beijing)
Biotechnology Co., Ltd. The plasmid carried human
HGF gene(pHGF) was prepared in our laboratory.
The iQuant high sensitivity dsSDNA quantitation kit
was purchased from GeneCopoeia Expressway to
Discovery (USA). HGF antibody (Catalog No. DF-
2838290) was purchased from Affinity Biosciences
LTD.

Synthesis of PEG-PEI

PEG-PEI was synthesized using b-PEI as a terminal
amino donor and functional m-PEG-SPA as an
acetylation reagent (21). 73.5 mg b-PEI and 2.5 mL
ddH20 were added to a flask and stirred at room
temperature (RT) to ensure that b-PEI is fully
dissolved in water. 300.3 mg of m-PEG-SPA was
dissolved in 2.5 mL ddH20, the resulting solution
was added dropwise to the flask containing b-PEI
solution with stirring at RT. The molar ratio of m-
PEG-SPA and b-PEI was 20:1. The solution obtained
was added to an ultrafiltration tube (molecular
weight cut-off, MWCO: 30 kDa) followed by
centrifugation at 6000 rpm for 20 min. The solution
was centrifuged twice after adding three times
ddH20. Finally, the solution was lyophilized in a
freeze dryer (LGJ-25C Freeze Dryer, Beijing Sihuan
Scientific Instrument Factory Co., Ltd) at -45°C for
6h to obtain the PEG-PEI powder. The chemical
structure was confirmed using 1H NMR (in D20,
400MHz) and Infra-Red detection (KBr).

Preparation of pHGF-loaded PEG-PEI (HA)
nanoparticles

The N/P ratio of PEG-PEI/pHGF/HA is the ratio of
moles of amine groups of PEG-PEI to the moles of
phosphate groups of pHGF. PEG-PEI/pHGF
complexes were allowed to self-assemble in ddH20
by mixing the pHGF solution (1 mg/mL) with PEG-
PEI solution (1 mg/mL) at a certain N/P ratio. The
amount of pHGF was kept constant, and the mixture
was allowed to stand for 20 min at room temperature
before use. PEG-PEI/pHGF/HA complexes were
induced to self-assemble in ddH20 by mixing PEG-
PEI/pHGF with HA solution (1 mg/mL) and
allowing to stand for 30 min at room temperature.
The mass ratio of HA to PEG-PEI was 1.

Characterization of PEG-PEI/pHGF/HA
complexes

The condensation capability of PEG-PEI/pHGF/HA
was evaluated using agarose gel electrophoresis.
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PEG-PEI/pHGF/HA complexes were prepared at
various N/P ratios and electrophoresed on a 0.8%
(w/v) agarose gel in Tris/Borate/EDTA (TBE)
buffer. The electrophoresis results were analyzed
using an ultraviolet gel imager (Beijing Saizhi
Venture Technology Co. Ltd). Naked dsDNA in
solution was quantified by measuring the absorbance
at 485 nm excitation wavelength (Ex) and 530 nm
emission wavelength (Em) wusing a Qubit4
fluorometer (Quantifiers Semer Technology Co.,
Ltd, China).

The entrapment efficiency was calculated as
follows: Entrapment efficiency (%) = (Ft-
Ff)/Ftx100%, (Ft - total DNA, Ff - free DNA). The
particle size and zeta-potential values of PEG-
PEI/pHGF/HA at various N/P ratios were determined
using a particle size analyzer (Malvern Panalytical,
UK). The particle morphology was observed under a
transmission electron microscope (Hitachi, H-7650,
Japan).

HGF Expression in Cell culture
Ab549 cells were cultured in Dulbecco's Modified
Eagle Medium (DMEM) medium with 10% fetal
bovine serum (FBS) in an atmosphere of 5% CO2
inside a humidified cell incubator. The A549 cells
were seeded in 24-well flat-bottom plates at the
density of 1x105 cells/well. The cells were grown
overnight up to 70-80% confluence. The various N/P
ratios of PEG-PEI/pHGF/HA were diluted with
serum-free medium and added to the wells. The
amount of pHGF was fixed at 500 ng/well. After 6 h
incubation, the media were replaced with fresh media
containing 10% FBS.

The expression of HGF in A549 cells was
determined using an ELISA kit (Multi Sciences,
China) at 48h after transfection.

Cytotoxicity evaluation

The cytotoxicity of PEG-PEI/pHGF/HA were
evaluated using CCK-8 assay. Ab549 cells were
seeded in 96-well plates at the density of 5000
cells/well. The cells were treated with PEG-
PEI/pHGF/HA (sample) or pHGF (control) for 24 h.
Then 10 pL of 5 mg/mL CCK-8 solution was added
to the cells, and the plates were incubated for 4 h at
37°C. The absorbance values were measured at 450
nm using the Multiskan MK3 enzyme-labeled
instrument (Thermo, US). Cell viability was
calculated based on the absorbance values of the
sample and the control group.

Administration of silica and PEG-PEI/pHGF/HA
through the mouse trachea

Before silica administration, silica was baked at
200°C for 4 h to remove endotoxins. The silica was
then dissolved in PBS to prepare a 50 g/L suspension.
The mice (12 h fasted) were anesthetized with 1%
sodium  pentobarbital through intraperitoneal
injection. After finding the trachea through a
laryngoscope, a lung gquantitative nebulizer (Beijing
Huironghe Technology Co., Ltd.) was inserted into
the trachea and aerosolized 100 pL suspension of
silica into the lung.

120 male C57BL/6 mice (20+2g) mice were
randomly divided into four groups: saline group,
silicosis model group (model group), pHGF group,
and PEG-PEI/pHGF/HA group (n=30 in each group).
Mice in the saline group were administrated with
saline through the trachea. The mice in model,
pHGF, and PEG-PEI/pHGF/HA groups were
administered with silica through the trachea. On day
1 and day 7 post-silica-administration, the mice in the
model, pHGF, and PEG-PEI/pHGF/HA groups, were
administered with saline, pHGF, and PEG-
PEI/pHGF/HA, respectively through the trachea.

All animal experiments complied with the
ARRIVE guidelines and be carried out in accordance
with the National Institutes of Health guide for the
care and use of Laboratory animals (NIH
Publications No. 8023, revised 1978).

Pulmonary function detection

On the 7th, 14th and 28th day after modeling, 5
mice/group were tested for lung function detection.
After the mice were calm, the pulmonary function of
the mice was detected with non-invasive pulmonary
function test (Shanghai TOW Intelligent Technology
Co., Ltd.). Then the respiratory function indexes of
the mice were measured, including tidal volume
(TV), peak expiratory flow (PEF), peak inspiratory
flow (PIF) and expiratory flow rate at 50% exhaled
volume (EF50).

Hematoxylin-Eosin and Masson's trichrome
staining

The left lungs of the mice were perfused with 10%
neutral buffered formalin, fixed overnight,
dehydrated, and embedded in paraffin. Thick
sections (5 um) were cut and mounted on the slides,
followed by deparaffinization. The sections were
stained with hematoxylin and eosin to determine
pulmonary pathology and with Masson staining to
visualize collagen deposition.
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Immunohistochemistry

The tissue sections were deparaffinized and treated
with 3% H202 in phosphate-buffered saline for 15
min, blocked with 5% goat serum, and incubated
with primary antibody at 4°C overnight. After three
washes, the sections were incubated with horseradish
peroxidase-conjugated secondary antibody for 20
min at room temperature. The nuclei were then
stained with DAB solution and visualized under a
fluorescent microscope (DM750, Leica, Germany).

Detection of hydroxyproline

Hydroxyproline (HYP) assay was conducted using
an HYP test kit (Nanjing Jiancheng Bioengineering
Institute (Nanjing, China)). The assay was carried out
according to the manufacturer's instructions.

Statistics

Data are presented as mean = SD, and each
measurement was performed in triplicate.
Differences were analyzed by a one-way ANOVA
followed by the Fisher’s least significant difference
(LSD) test to determine differences between groups
for normally distributed continuous variables or by
Kruskal-Wallis H test followed by Mann—Whitney
U test to determine differences between groups for
non-normally distributed continuous variables.
P<0.05 was considered to be statistically significant.

RESULTS

Structural identification and characterization of
the compounds

Structure of PEG-PEI copolymer. Figure 1 showed
the synthetic route of PEG-PEI. When PEG and PEI
were reacted at a molar ratio of 20:1, the product
mass was 276.3 mg, and the yield of the compound
was 94.9%. PEG-PEI was characterized by 1H NMR
and IR. The absorption around 1740 cm-1 (s, v easter
-C=0) in the infrared spectrum was weakened, and
the absorption at 3421 cm-1 (s, v amide -NH) and
1647 cm-1 (s, v amide -C=0) appeared,
corresponding to the amide linkage. Based on the
peak area integration ratio of the polyethylene glycol
and the polyethyleneimine unit (3.09: 1), their
grafting ratio was 15.8:1. The molecular weight of
PEG-PEI was about 100 kDa.

The particle size and zeta-potentialc of PEG-
PEI/pHGF/HA. As shown in Figure 2A, PEG-
PEI/pHGF/HA complexes were induced to assemble
in ddH20 by mixing PEG-PEI/pHGF with HA
solution. The PEG-PEI/pHGF and PEG-

PEI/pHGF/HA complexes were formed by mixing
with different N/P ratios. The morphology of PEG-
PEI/pHGF/HA was examined using transmission
electron microscopy (TEM) (Figure 2B). The particle
size of the PEG-PEI/pHGF/HA gradually reduced
from 185nm to 135nm when the N/P ratio increased
form 5:1 to 30:1, which became stable and was
135nm as the N/P ratio reached 20:1. The PEG-
PEI/pHGF/HA had a larger particle size compared to
the PEG-PEI/pHGF (Figure 2C). The zeta-potential
of PEG-PEI/pHGF complex was positive charge,
however, the PEG-PEI/pHGF/HA complex was
negative charge. Furthermore, the zeta-potential of
PEG-PEI/pHGF/HA complex increased with the
increase of N/P ratio (Figure 2D). In addition, the gel
electrophoresis showed that PEG-PEI/pHGF/HA
complex was able to completely wrap pHGF above
N/P ratio at 4:1. (Table 1, Figure 2E).

Table 1. Encapsulation rates (%) of various carriers at
N/P=1-6

Carrier and
NP ratio

PEI 47.7%
PEG-PEI  50.1%
PEG-PEI/HA 49.6%

N/P=1 N/P=2 N/P=3 N/P=4 N/P=5 N/P=6

93.1%
87.7%
88.6%

99.6%
87.8%
88.6%

99.8%
96.9%
98.8%

99.8%
96.9%
99.8%

99.8%
99.8%
99.8%

NH,

- g
NP, +H3c<0%oNON§;
(6]
(0]

PEI mPEG-SPA
MW: 25 kD MW: 5 kD

\ ddH,0
NH,

Q H H
HSC{O%ON\ENNMEWNVEIHZ
[}

PEG-PEI
Figure 1. The synthesis route of PEG-PEI.
The bioactivity of PEG-PEI/pHGF/HA in vitro

Transfection efficiency and cytotoxicity of PEG-
PEI/pHGF/HA in vitro. The transfection efficiency
of PEG-PEI/pHGF/HA or PEG-PEI/pHGF complex
was conducted by detecting the human HGF protein
in A549 cells with ELISA. As shown in Figure3A,
the PEG-PEI/pHGF/HA complex increased the
levels of HGF from 211 to 332 pg/ml as N/P ratio
increased form 10:1 to 30:1, which were also similar
to that of the PEG-PEI/pHGF complex. When the
N/P ratio was 30:1, the transfection efficiency of the
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Figure 2. The particle size, zeta-potential and entrapment efficency of PEG-PEI/pHGF/HA. (A) A schematic of assemble for
PEG-PEI/pHGF/HA. (B) Transmission electron microscopy (TEM) image of PEG-PEI/pHGF/HA with N/P ratio at 30:1
(12000%). (C) The particle size of PEG-PEI/pHGF/HA and PEG-PEI/pHGF with different N/P. (D) The zeta-potential of
PEG-PEI/pHGF/HA with different N/P. (E) Entrapment of PEG-PEI/pHGF /HA with different N/P measured by gel
electrophoresis. M: Ladder, N/P ratios ranging from 1:1 to 7:1.

Ab549 cells after treatment with PEG-PEI/pHGF/HA
at N/P=10:1, 20:1, 30:1 and 40:1. When N/P ratio
was 30:1 or 40:1, the cell survival rate was over 85%.
PEG-PEI/pHGF/HA complex was significantly
higher than that of the pHGF group (P<0.01). The
cytotoxicity results showed that there was no
significant difference in the cell survival rates of
Compared to PEG-PEI/pHGF/HA complex, the
PEG-PEI/pHGF complex exerted a greater cytotoxic
effect (Figure 3B). The results demonstrate that
PEG-PEI/pHGF/HA has favorable transfection
efficiency and lower cytotoxicity.

The therapeutic effect on silicosis in mice of PEG-
PEI/pHGF/HA in vivo

HGF expression and changes in lung function on
silicosis.  To  investigate  whether  PEG-
PEI/pHGF/HA has therapeutic effect on silicosis in
vivo, a mouse model of silicosis was established and
then intratracheal administration of PEG-
PEI/pHGF/HA was performed at 1 and 7 days after
silica administration. As shown in Figure 4B,
intratracheal administration of silica significantly
induced infiltration of inflammatory cells and
alveolar septal thickening in lung at day 7 by

pathological examination. After intratracheal
administration  of  PEG-PEI/pHGF/HA, the
expression of HGF protein in pulmonary epithelial
cell was increased in the pHGF group and PEG-
PEI/pHGF/HA group compared to that in saline
group (Figure 4C) at day 14, indicating that pHGF
can be delivered into the lung by the nanoparticles
and HGF can be expressed in epithelial cells.

The respiratory function indexes, including
PIF, PEF, TV and EF50, were decreased in the model
group at days 7, 14 and 28, while these indexes were
increased after treatment with PEG-PEI/pHGF/HA at
days 7, 14 and 28 as shown in Figure 4D. Treatment
with PEI/pHGF/HA resulted in increased PIF, PEF,
TV and EF50. These results suggested that
intratracheal administration of PEG-PEI/pHGF/HA
improved pulmonary function in mice with silicosis.

Pathological improvement after treatment with
PEG-PEI/pHGF/HA. As shown in Figure 5A, there
were massive silica crystals in the lung of mice in
model group, pHGF group and PEG-PEI/pHGF/HA
group. The inflammatory cell infiltration and
alveolar septal thickening were significantly
alleviated in the PEG-PEI/pHGF/HA group
compared with that in the model group.
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Figure 3. Transfection efficiency and cytotoxicity of PEG-PEI/pHGF/HA. (A) Expression of HGF in A549 cells
detected by ELISA. PEG-PEI/pHGF/HA at different N/P (10, 20, 30), Blank: culture medium. (*P<0.05 vs PEG-
PEI/pHGF, ##P<0.01 vs pHGF). (B) Cell survival rates of A549 cells with different treatment (*P<0.05, **

P<0.01 vs PEG-PEI/pHGF).

The content of HYP in PEG-PEI/pHGF/HA
group were reduced significantly as shown in Figure
5B, indicating that the content of collagen in the
lungs  decreased after PEG-PEI/pHGF/HA
administration. Consistent with the HYP results,
collagen accumulation using Masson staining was
significantly reduced in PEG-PEI/pHGF/HA group
compared with the model group (Figure 5C).

DISCUSSION

HGF, as a pleiotropic cytokine, plays an anti-fibrosis
role by promoting the repair of epithelial and
endothelial cells, enhancing collagenase activity, and
inhibiting myofibroblast accumulation (22) by
binding specifically to the tyrosine kinase membrane
receptor c-met (23). HGF prevents the death of
respiratory epithelial cells and promotes the orderly
regeneration of the peripheral respiratory tract. HGF
also protects against lung injury induced by
bleomycin (24). Besides, HGF is a latent anti-
inflammatory and anti-fibrotic growth factor (25).
Therefore, HGF is a potential anti-pulmonary
fibrosis candidate gene drug for treating silicosis. In
this study, we prepared plasmid nanoparticles
carrying human HGF gene, PEG-PEI/pHGF/HA,
with  high transfection efficiency and low
cytotoxicity. Human HGF proteins was greatly
increased ranging from day 7 to day 28 after
intratracheal administration of PEG-PEI/pHGF/HA.
In addition, the PEG-PEI/pHGF/HA improved the
pulmonary function and inhibited inflammatory cell
infiltration and fibrous collagen deposition in mice
with silicosis. These results suggest that PEG-
PEI/pHGF/HA may provide a potential approach for
controlling the silicosis.

Naked therapeutic genes have to overcome
various physical barriers, including endo-lysosome
entrapment, cytoplasmic isolation, and nuclear
rejection of DNA during transportation. The
efficiency is further reduced due to nuclease
degradation (26). Hence, one of the main challenges
of the clinical application of gene therapy is to
develop a safe and efficient gene delivery carrier
(27). In current study, we introduce HA into the
structural design of plasmid DNA transport in vivo,
because HA-structured nanoparticles can prolong the
mean residence time (MRT) of drugs in the lungs
(28). After chemical synthesis of PEG-
PEI/pHGF/HA, the physical and chemical properties
of the nanoparticles were tested. As the N/P ratio
increased ranging from 20:1 to 30:1, the nanoparticle
size was stabilized at 135 nm. Furthermore, the
addition of HA resulted in a negative potential.
Several studies suggested that particles under 200 nm
were not recognized by macrophages, and hollow
particles with low density and large size were better
deposited than small solid particles with high density
(29, 30, 31). HA affected the membrane potential
through electrostatic interactions with lipids,
resulting in lipid leakage (32). Our results showed
that the transfection efficiency of PEG-
PEI/pHGF/HA nanoparticle increased with the
increase of N/P in vitro, indicating that the size and
potential of the synthesized nanoparticles are suitable
for delivering pHGF into cells. Additionally, the
cytotoxic of PEG-PEI/pHGF/HA(N/P=30:1) was
relatively low in the cell culture, and the mice did not
exhibit any toxicity symbols after administrated with
PEG-PEI/pHGF/HA (N/P=30:1).

The progression of silicosis is a multi-factorial
process. Crystalline silicon induces persistent
pneumonia and excessive production of extracellular
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Figure 4. The HGF expression and therapeutic effects on silicosis after intratacheal administration of PEG-PEI/pHGF/HA.
(A) Schematic of mouse silicosis model establishment and PEG-PEI/pHGF/HA administration. (B) Hematoxylin and eosin
staining of the lung tissues of mice on day 7 after modeling. (C) HGF expression in the lungs of mice in various groups at
day 14 detected by immunohistochemistry staining. (D) Respiratory function analysis including PIF, PEF, TV and EF50
was measured on days 7, 14 and 28 using a lung function detector.
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Figure 5. Effect of PEG-PEI/pHGF/HA on the mouse silicosis. (A) Hematoxylin and eosin staining of the lung at day 28 in

different groups. (B)The HYP content in the lung tissues in different groups (**P<0.01, vs. Model). (C) Masson's staining

of the lung at day 28 in different groups.

matrix (ECM) (33). Pulmonary fibrosis induced by
crystalline silicon begins with a prominent acute
inflammatory response caused by recruitment and
accumulation of inflammatory cells (macrophages
and lymphocytes) and elevation of the levels of pro-
inflammatory and pro-fibrotic cytokines and
chemokines (34). During fibrosis, innate and
adaptive immune responses are activated, promoting

the expression of fibrotic growth factors, cytokines,
and chemokines. These manifestations lead to the
progression of fibrosis, which is an essential part of
the pathogenesis of silicosis (35, 36, 37, 38). Our
results showed that inflammatory cell infiltration in
the lung was serious at early stage, and then collagen
fiber  deposited  apparently.  After  PEG-
PEI/pHGF/HA treatment, the expression of HGF in
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the lungs was increased, and the inflammatory cell
infiltration and collagen fiber deposition in the lung
reduced. The content of HYP in the lungs of the
PEG-PEI/pHGF/HA group was significantly lower
than that in the silicosis model group at 14 days after
modeling. These results suggest that PEG-
PEI/pHGF/HA nanoparticles administration could
deliver pHGF into the lungs and increase the
expression of HGF in the lungs.

CONCLUSION

In summary, we constructed the PEG-PEI/pHGF/HA
nanoparticles carrying HGF gene through chemical
synthesis. pHGF was delivered into the lung
effectively via PEG-PEI(HA) and resulted in reduced
inflammation and collagen deposition in the lungs of
silicosis mice. So, the gene therapy with PEG-
PE/pHGF/HA nanoparticles is a promising strategy
for the treatment of silicosis, and provides research
foundation and novel ideas for the treatment of
silicosis.
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