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Therapeutic effect of exogenous bone marrow-derived
mesenchymal stem cell transplantation on silicosis
via paracrine mechanisms in rats
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Abstract. Silicosis is a well-known occupational disease, char-
acterized by epithelial injury, fibroblast proliferation, expansion
of the lung matrix and dyspnea. At present, no effective treat-
ment methods for silicosis have been identified. The present
study aimed to investigate the protective potential of exogenous
bone marrow-derived mesenchymal stem cell (BMSC) trans-
plantation on experimental silica-induced pulmonary fibrosis
in rats and analyze the underlying paracrine mechanisms
associated with its therapeutic effects. BMSCs were isolated,
cultured and passaged from male Sprague-Dawley (SD) rat
bone marrow. Third-generation BMSCs were identified by
flow cytometry using FITC staining. Following the successful
establishment of the silicosis model, exogenous BMSCs were
infused into female adult SD rats via the tail vein. Lungs were
evaluated using hematoxylin and eosin (H&E) staining. The
expression of interleukin-1 receptor antagonist (IL-1RA),
interleukin-1 (IL-1) and tumor necrosis factor a (TNF-a)
protein was detected by immunohistochemistry and western
blot analysis. Co-localization of sex determining region Y
(SRY) and IL-1R A expression was determined by double-label
immunofluorescence. The distribution of transplanted BMSCs
was tracked by monitoring the expression of SRY in rats.
Treatment with BMSCs was found to protect the lungs against
injury and fibrosis by the suppression of upregulated IL-1 and
TNF-a protein, via triggering IL-1RA secretion. This mecha-
nism was hypothesized to be mediated by paracrine signaling.
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These results indicate that the release of IL-IRA from BMSCs
via paracrine mechanisms significantly blocks the production
and/or activity of IL-1 and TNF-a. The present study provides
an experimental basis for cellular therapy in silicosis.

Introduction

Silicosis is a significant global health issue, caused by
long-term inhalation of high levels of dust containing exces-
sive free silica during the production process. Pathological
characteristics include silicotic nodule formation and pulmo-
nary interstitial fibrosis (1). In addition, the incidence and
prevalence of silicosis is markedly increasing and effective
therapies are not currently available. Stem cell therapy repre-
sents a novel treatment modality associated with increasing
therapeutic potential. Pluripotent adult stem cells located in
the bone marrow are divided into two main distinct popula-
tions, hematopoietic and bone marrow-derived mesenchymal
stem cells (BMSCs) (2). Over the last decade, BMSCs have
been exploited as therapeutic vectors or tools for the treatment
of a wide variety of diseases. Previous studies on cell trans-
plantation demonstrated that the administration of BMSCs in
animal models of injury exhibits protective effects following
acute spinal cord (3), traumatic brain (4) or liver (5) injuries.
In addition, a number of studies have revealed that exogenous
delivery of BMSCs protects against a variety of pulmonary
diseases, including acute lung injury (6,7) and chronic lung
disease (8). In addition, BMSC treatment has been identified to
promote the repair of tissue structure and function following
bleomycin (BLM)- (9), monocrotaline- (10) or lipopolysac-
charide-induced (6) lung injury. Donor-derived BMSCs may
target lung injuries, migrate to areas of damage and then
differentiate into lung-specific cells (11), including type I and
type II alveolar epithelial cells, endothelial cells, fibroblasts
and bronchial epithelial cells, as shown in the rat model of
bleomycin-induced pulmonary fibrosis (9), demonstrating
the plasticity of BMSCs in this setting. These observations
strengthen the hypothesis that BMSC therapy may be suitable
for the treatment of pulmonary fibrosis.

At present, the majority of studies focus on the protective
mechanisms of BMSCs that have been systemically trans-
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planted. The protective potential of BMSCs in tissue injury has
been reported to be associated with the differentiation poten-
tial of engrafted BMSCs into specific-cell phenotypes (9), an
increase in circulating levels of G-CSF and GM-CSF (11) and
BMSC-driven immunomodulation caused by a shift in the
Th1/Th2 balance (12). However, a newly emerging concept in
tissue repair is associated with the hypothesis that BMSC effi-
cacy is attributed, in part, to paracrine mechanisms (7,13,14).
Specifically, multiple cytokines, including vascular endo-
thelial growth factor, stromal cell derived factor-1, insulin
growth factor-1 and basic fibroblast growth factor, are released
by BMSCs into conditioned medium in a paracrine fashion.
These cytokines are associated with an anti-apoptotic effect
of BMSCs in the ischemic myocardium (15). In addition,
a large variety of factors have been reported to be secreted
from BMSCs via a paracrine pathway, to induce growth
and differentiation and prevent injured cells from apoptotic
death (16). These mediators released from BMSCs exhibit
numerous effects and exert protection on injured tissues.
Collectively, these observations indicate that the efficacy of
BMSCs may be explained by paracrine mechanisms. Notably,
the current review highlights a considerable shift from BMSCs
to BMSC-conditioned media (BMSC-CM) as an effective
regenerative therapy. In addition, a growing number of studies
are reporting that the delivery of concentrated BMSC-CM
provides a significantly superior protection against diseases
compared with the effects of BMSC administration (17,18).
Mechanisms of the effects of BMSC-CM also attribute to the
production of a series of cytokines and chemokines, released
from BMSCs via the paracrine pathway (19), demonstrating
that BMSCs participate in injury repair via the secretion of
specific soluble factors. These observations indicate that the
therapeutic response of BMSCs is mediated by paracrine
mechanisms. In addition, the efficacy of BMSC-CM contri-
butes to an improved understanding of paracrine mechanisms.

Based on these observations, we hypothesize that exog-
enous BMSC administration protects against silicosis by two
mechanisms. Firstly, by proliferation, homing and differentia-
tion into specific lung cell types; and secondly, by paracrine
mechanisms, involving the secretion of a wide range of soluble
factors to improve pathological injury. Therefore, the main
purpose of the present study was to evaluate the potential
effects of BMSC engraftment on silica-induced pulmonary
inflammation and fibrosis, and to determine whether BMSCs
release IL1-RA into areas of lung injury via paracrine path-
ways to alleviate the early inflammatory response and the
extent of fibrosis. In summary, results of this study are likely to
lay the foundations for gene and stem cell therapy in silicosis
in the future.

Materials and methods

Cell culture. BMSCs were generated from male Sprague-Dawley
(SD) rats. Fresh bone marrow cells were collected by flushing
the medullary cavity of rat femurs with Dulbecco's Modified
Eagle's Medium (DMEM; Gibco-BRL, Carlsbad, CA, USA).
After filtering, cells were centrifuged at 1,000 x g for 5 min.
Purified cells were dispersed in cell culture flasks (Corning Life
Sciences, Tewksbury, MA,USA), grownin DMEM supplemented
with 10% fetal calf serum (Gibco-BRL), 100 U/ml penicillin

ZHAO et al: THERAPEUTIC EFFECT OF BMSCS ON SILICOSIS VIA PARACRINE MECHANISMS IN RATS

and 100 pg/ml streptomycin (Sigma-Aldrich, St. Louis, MO,
USA) and then cultured at 37°C with 5% CO,. Following 48 h,
non-adherent cells were removed and fresh media was added.
Media was replaced every 3 days. Adhered cells were allowed
to grow to ~90% confluency and then trypsinized and reseeded.
Passage 3 (P3) BMSCs were used for this experiment. The study
was approved by the Ethics committee of The School of Basic
Medical Sciences, Hebei United University, Tangshan, China.

Flow cytometry. P3 BMSCs were harvested by trypsinization
(Gibco-BRL) and cells were fixed in neutralized 2% para-
formaldehyde solution for 30 min. Fixed cells were washed
three times with PBS and incubated with antibodies against
the following antigens: CD19, CD34, CD44 and CD90 (all
from Santa Cruz Biotechnology, Santa Cruz, CA, USA; 1:200)
for 30 min. Primary antibodies were directly conjugated with
FITC. Flow cytometry was performed with a FACScan flow
cytometer (BD Biosciences, Franklin Lakes, NJ, USA).

Animals and silicosis model. BMSC donor animals were five
male adult SD rats, aged 3-5 weeks and weighing 100-120 g.
BMSC recipient animals were 30 female adult SD rats,
aged 6-8 weeks and weighing 200-220 g. All animals were
provided by Vital River Laboratory Animal Technology Co.,
Ltd. (Beijing, China). The rat model of silicosis was induced
by 1 ml One-time infusing silica (Sigma-Aldrich) suspension
(5 g/1) using the non-exposed tracheal intubation. All rats were
maintained in a room with a reversed 12-h light-dark cycle at
constant temperature (21°C) and humidity (55%).

Groups and BMSC administration. BMSC recipient rats were
randomly divided into three groups (n=10/group); the control,
model and BMSC-treated groups. Rats in the control group
were intratracheally injected with sterile saline. Following
intratracheal administration of silica suspension, 1 ml BMSC
suspension (3x10° cells/ml) was injected through a tail vein
puncture. All rats in each group were sacrificed 14 days
following surgery.

Histological analysis. Lung tissues were fixed in 4% parafor-
maldehyde solution for 24 h, washed with running water for
2 h, then dehydrated with gradient alcohol and embedded in
paraffin following the standard histology procedure. Tissues
were serially sectioned at a thickness of 5 ym. All sections
were mounted on glass slides and then stained with hematox-
ylin and eosin (H&E). Sections were observed and analyzed
using an optical microscope.

Immunohistochemical analysis. Surgery was performed
according to the manufacturer's instructions obtained from the
SABC immunohistochemistry kit (Wuhan Boster Biological
Technology,Ltd.,Wuhan,China). Paraffinembedded lungtissue
sections (5 #m) on poly-1-lysine-coated slides were heated for
30 min at 60°C, dewaxed and rehydrated, followed by micro-
wave antigen retrieval. Endogenous peroxidase was inactivated
with 3% H,0, for 10 min at room temperature. Sections were
incubated in 5% BSA solution for 20 min to block nonspecific
binding. Next, sections were incubated overnight at 4°C with
rabbit anti-interleukin-1 receptor antagonist (IL-1RA), -inter-
leukin-1 (IL-1) or -tumor necrosis factor-o (TNF-a) polyclonal
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antibodies (Santa Cruz Biotechnology; 1:100), and then with
horseradish peroxidase-conjugated anti-rabbit IgG antibodies
for 30 min. DAB was used to reveal the immunohistochemical
reaction. PBS was substituted for the primary antibody as the
negative control.

Western blot analysis. RIPA lysis buffer (1 ml) was added
to 100 mg lung tissue and the mixture was homogenated at
a low temperature (4°C). Lysates from tissue samples were
cleared by centrifugation at 10,000 x g for 10 min at 4°C.
The protein concentration of samples was determined using
BCA reagent (Beijing Solarbio Science & Technology Co.,
Ltd., Beijing, China). Samples were subjected to sodium
dodecyl sulfate polyacrylamide gel electrophoresis. Proteins
were transferred onto PVDF membranes (Roche Diagnostics
GmbH, Mannheim, Germany). Blots were blocked with 5%
fat-free dry milk for 1 h at room temperature. Next, blots were
incubated with the following primary antibodies overnight at
4°C: rabbit polyclonal anti-IL1-RA, -IL-1 and -TNF-a (1:400),
mouse monoclonal anti-B-actin (Santa Cruz Biotechnology;
1:500). The blots were then incubated with alkaline phos-
phatase conjugated anti-rabbit IgG and anti-mouse IgG (Cell
Signaling Technology, Inc., Danvers, MA, USA; 1:3,000) for
2 h at room temperature. Blots were developed with alkaline
phosphatase color development kit (Beijing Solarbio Science
& Technology Co., Ltd., Beijing, China).

Immunofluorescence analyses. Lung tissues were fixed in 4%
paraformaldehyde for 24 h, submerged in 30% sucrose solu-
tion (0.1 M PBS, pH 7.4) until sinking to the bottom and then
embedded in optimum cutting temperature compound (OCT).
Frozen sections (10 um) were sliced with a microtome, treated
with 0.4% Triton X-100 for 10 min and blocked in normal
donkey serum for 1 h. For double labeling, frozen sections
were incubated with a mixture of goat anti-sex determining
region Y (SRY; Santa Cruz Biotechnology; 1:200) and rabbit
anti-IL-1RA (1:200) polyclonal antibodies overnight at 4°C.
On the following day, sections were incubated with a mixture
of fluorescein-conjugated anti-rabbit IgG and anti-goat IgG
(Santa Cruz Biotechnology; 1:1,000 ) for 2 h at 37°C in the dark.
Images were captured using a laser scanning confocal micro-
scope (Olympus FV1000; Olympus Inc., Center Valley, PA,
USA). Primary antibodies were replaced with PBS in the nega-
tive control group. Additional immunofluorescence staining
was performed in accordance with the described experimental
procedure, to detect expression of SRY in the heart, liver, spleen,
kidney and lung tissues of rats in the BMSC-treated group.

Statistical analysis. All experiments were repeated three times
and similar results were obtained. Statistical analysis was
performed using the SPSS 16.0 statistics software (SPSS, Inc.,
Chicago, IL, USA). Data are expressed as the mean + SE and
the significance of the experimental results was determined
using one-way ANOVA. P<0.05 was considered to indicate a
statistically significant difference.

Results

BMSC growth state and surface markers. Primary cells
adhered within 48h and proliferated in clone mode. Cell
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morphological characteristics included circles and polygons,
nuclear-centered and occasional polygonal cells. BMSCs were
purified by changing the medium several times and during
this process, hematopoietic stem cells and other non-adherent
growth cells were removed. Following ~2 weeks, primary
cells reaching 90% confluence were passaged. Passaged cells
overcame the growth inhibition period and underwent acceler-
ated growth. Following passaging, cell morphology was more
uniform and consistent, forming mainly fibroblast-like flat-
tened cells. The identity of the undifferentiated BMSCs was
confirmed by detecting specific cell surface markers. Flow
cytometry analysis of P3 BMSCs indicated that BMSCs were
CD44- and CD90-positive and CD19- and CD34-negative.

Confirmation of construction of the silicosis model. Successful
construction of the rat model of silicosis was confirmed by H&E
staining. As demonstrated in Fig. 1A, alveolitis change, sili-
cosis nodule formation and collagen deposition were observed
in the model group, confirming successful construction of the
model. By contrast, clear alveolar structures and walls were
present, and inflammatory cell infiltration was not observed
in the control group. However, following transplantation of the
BMSCs, pathological changes associated with silicosis were
significantly reduced. These results indicate that the silicosis
model was successfully constructed and delivery of BMSCs
exerted a significant protective effect. In addition, the majority
of IL-1RA released by transplanted BMSCs appeared to be
mediated in a paracrine manner.

BMSCs upregulate IL-IRA to suppress IL-1 and TNF-a
expression. Immunohistochemical analysis was used to
examine the localization of IL-1RA (Fig. 1B), IL-1 (Fig. 1C)
and TNF-a (Fig. 1D) protein expression. Brown particles
observed in cells were considered as positive results. Brown
particles appeared in macrophages, alveolar epithelial cells
and inflammatory cells. Western blot (Fig. 2) and immuno-
histochemical analysis revealed trends in IL-1RA, IL-1 and
TNF-a expression. IL-1RA, IL-1 and TNF-a proteins were
expressed at low levels in the control group. Their expression
was increased in the model group compared with the control
group. Following treatment with BMSCs, IL-1RA protein
expression was markedly upregulated compared with the
model group. Furthermore, IL-1 and TNF-a protein expres-
sion levels were significantly decreased compared with the
model group; however, these remained higher than levels in the
control group. Overall, these findings indicate that the release
of IL-1RA blocks the production and/or activity of IL-1 and
TNF-a proteins.

BMSCs release IL-1RA into injured lungs. Double immu-
nofluorescence staining was performed to investigate the
co-localization of SRY and IL-1RA expression. As shown in
Fig. 3A, SRY was stained with goat anti-SRY and fluorescently
labeled (green) secondary antibodies. IL-1R A was stained with
rabbit anti-ILIRA and fluorescently labeled (red) secondary
antibodies. Fluorescence was observed under a laser scanning
confocal microscope; yellow fluorescence indicated co-local-
ized expression in merged images. These results suggest that
the majority of IL-1RA was released by transplanted BMSCs
in a paracrine manner.
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Figure 1. Morphological changes in lung tissues at day 14. Representative
images of lungs stained with H&E. (A) Images revealed the infiltration of
inflammatory cells and formation of silicon nodules, confirming that the
rat model of silicosis was successfully constructed (magnification, x200).
Immunohistochemical staining of (B) IL-1RA, (C) IL-1 and (D) TNF-a
proteins in the rat lung. Brown particles represent positive cells (magnifi-
cation, x400). BMSCs, bone marrow-derived mesenchymal stem cells;
H&E, hematoxylin and eosin; IL-1RA, interleukin-1 receptor antagonist;
IL-1, interleukin-1; TNF-a, tumor necrosis factor-a.
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Figure 2. Western blot analysis of IL-1RA, IL-1 and TNF-a protein expres-
sion, revealing marked changes in protein expression for the control,
silica and silica + BMSCs groups. IL-1RA, interleukin-1 receptor antago-
nist; IL-1, interleukin-1; TNF-a, tumor necrosis factor-a; BMSCs, bone
marrow-derived mesenchymal stem cells.

BMSC aggregation in injured lungs. SRY expression was
determined by immunofluorescent staining 14 days after
administration of BMSCs. SRY protein was stained using
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IL-1RA Merge
heart liver spleen

kidney lung

Figure 3. (A) Co-localization of SRY and IL-1RA was determined by immu-
nofluorescent staining (magnification, x400). (B) Distribution of SRY in
the heart, liver, spleen, kidney and lung tissues of BMSC-treated rats. All
microphotographs were visualized by confocal laser scanning microscopy
(magnification, x200). IL-1RA, interleukin-1 receptor antagonist; SRY, sex
determining region Y; BMSC, bone marrow-derived mesenchymal stem cell.

goat anti-SRY and secondary antibodies labeled with green
fluorescence. As revealed in Fig. 3B, BMSCs expressing SRY
(green) were identified in lung tissues, but not in tissues of the
heart, liver, spleen and kidneys in BMSC-treated rats. These
observations indicated that injured tissues were ‘sensed’ by
engrafted BMSCs. Subsequently, BMSCs homed and local-
ized to the injured lung tissue, exerting important biological
functions in damaged areas.

Discussion

Silicosis is associated with significant levels of morbidity and
mortality. In addition, the development of fibrosis during sili-
cosis is associated with a complex pathogenesis (1). Therefore,
treatment strategies require a multi-angle, multi-link and
multi-targeted approach. To date, no efficient clinical treat-
ments are available, and the identification of safe and effective
therapeutic strategies for this pathology is of considerable
urgency. Over previous years, we have been committed to the
study of the prevention and treatment of silicosis. Exogenous
BMSC transplantation therapies may represent a novel thera-
peutic strategy for lung diseases currently lacking efficient
treatments and are likely to be important in silicosis clinical
care in the future.

The primary objective of the present study was to verify
our hypothesis that the protective effects of BMSCs on sili-
cosis injury are mediated, in part, by the secretion of IL-IRA
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in a paracrine manner. It was previously reported that IL-IRA
exhibits a wide range of biological functions, including
competitively inhibiting IL-1 activity (20) and blocking the
production and/or activity of IL-1 and TNF-a (21). In the
current study, BMSCs were selected as a novel method for sili-
cosis treatment due to their capacity to undergo self-renewal,
proliferation and differentiation into multiple cell lineages.
More importantly, BMSCs are associated with low immuno-
genicity and no immune rejection, enabling BMSC therapies
to be applied for daily clinical applications. As a result of
these advantageous properties, BMSCs have been applied in
a number of disease types in animals and human patients.
However, the mechanisms responsible for their therapeutic
effect remain unknown.

In the current study, BMSCs were cultured and passaged
using the cell adherent method (22) and P3 BMSCs were used
in the experiments. Cells were identified via flow cytometry
analysis and results confirmed that the BMSCs expressed
characteristic surface markers, CD44 and CD90, and were
CD19- and CD34 negative, indicating the multilineage poten-
tial of BMSCs. Distribution of BMSCs in recipient rats was
determined by immunofluorescence staining. SRY (green)
was only observed in the lung tissue, indicating that BMSCs
were able to ‘sense’ the environment and respond according to
the requirements of the organism for survival (23). Following
this, BMSCs target the site of lung injury, assume specific
and distinct lung cell phenotypes and regulate inflammatory
responses, to promote structural and functional repair (9).
Finally, intravenous administration of BMSCs was revealed to
exhibit a marked therapeutic potential for silicosis in rats. These
observations indicate that injured lung tissue produces chemo-
kines responsible for the mobilization and homing of BMSCs
towards the site of damage. In addition, the fate of engrafted
BMSCs in vivo is largely regulated by the microenvironment.

Based on these observations, the differentiation of BMSCs
into specific cell phenotypes appears to be crucial in injury
repair. However, differentiation does not fully account for the
strong therapeutic response observed, indicating that other
specific mechanisms may be involved in the repair of lung
injury by BMSCs. Notably, an important observation of the
present study was that the efficiency of BMSCs in injury repair
was more likely to be due to paracrine effects. It was previ-
ously reported that BMSCs secrete a wide array of growth
factors, cytokines and immunomodulatory factors (24) and
release numerous angiogenic, anti-apoptotic and mitogenic
factors (25), which may afford protection to injured tissue.
However, little is known with regard to variations in the secre-
tion of paracrine factors between various subpopulations of
BMSCs. Substrate-dependent paracrine signaling has been
demonstrated between subpopulations of BMSCs, which may
affect their formation or perhaps malformation (26). In addi-
tion, Bakondi et al (18) examined typical, CD133-derived and
p7SLNGFR-derived BMSCs, observing different secretion
responses in each population in terms of the levels of secreted
growth factors and cytokines when exposed to a hypoxic envi-
ronment. Consistent with these observations, in the current
study, intravenous administration of BMSCs as a novel method
of treatment for silicosis protected lungs not only through
multi-lineage differentiation mechanisms, but also through
paracrine mechanisms.
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In this study, the tracking of BMSCs was essential for eval-
uation of their early migration and distribution patterns in rats.
Therefore, BMSCs isolated from male rats were injected into
female rats in vivo. Next, the expression of SRY was detected
by laser scanning confocal microscopy to track BMSC survival
and further co-localization with paracrine factors. The results
of H&E staining revealed the marked infiltration of inflamma-
tory cells and silicotic nodule formation in the model group,
indicating that the rat model of silicosis was constructed
successfully. Following administration of BMSCs, these
pathological changes were reduced, indicating that BMSCs
significantly reduced inflammation and the extent of fibrosis.
Prevention of the inflammatory response and inhibition of
collagen accumulation and matrix metalloproteinase activa-
tion by BMSCs has also been demonstrated in BLM-induced
lung injury in mice (9). In this study, administration of rat
BMSCs 24 h following silica treatment was observed to result
in a significant reduction in IL-1 and TNF-a levels, explained,
in part, by an increase in IL-1RA expression. In addition, the
fluorescent double-labeled co-localization of SRY (green) and
IL-1RA (red) expression was observed in the BMSC-treated
group. Co-localization of SRY and IL-1RA appeared yellow
following the merging of images. Consistent with our
hypothesis that BMSCs may secrete IL-1RA into damaged
lung tissue via a paracrine pathway, Ortiz et al (21) reported
that the expression and secretion of IL-1RA is restricted to
a unique subpopulation of BMSCs. In addition, a previous
study by Mei et al (27) demonstrated that human BMSCs
possessed direct antimicrobial activity, which was mediated,
in part, by the secretion of cathelicidin hCAP-18/LL-37,
improving survival and enhancing bacterial clearance. More
specifically, results of immunohistochemistry and western blot
analysis indicated that IL-1RA released by BMSCs not only
antagonized the function of IL-1, but also blocked the release
of TNF-a from activated macrophages. IL-1 and TNF-a, two
fundamental pro-inflammatory cytokines in the lung, are vital
in the pathogenic process of pulmonary fibrosis. Inflammatory
responses in silicosis are mediated by the release of pro-
inflammatory cytokines, IL-1 and TNF-a, from activated
macrophages and other leukocytes (28). IL-1 and TNF-a also
directly or indirectly stimulate proliferation of endothelial cells
and fibroblasts, extracellular matrix deposition and collagen
synthesis (29). Finally, these cytokines promote the formation
and development of pulmonary fibrosis. However, IL-1RA,
a protein present in normal conditions, is known to reduce
the degree of pulmonary fibrosis (30). Previous studies have
reported that injection of IL-1RA intraperitoneally by implan-
tation of a permeability micropump device revealed a marked
protective potential from BLM- or silicon dioxide-induced
pulmonary fibrosis (31), indicating that IL-1RA may block
lung inflammation and fibrosis induced by exposure to silica.
These studies provided a realistic and viable basis for the
present study.

In conclusion, results of the current study demonstrate
that BMSCs have a comprehensive biological effect on sili-
cosis. Secretion of ILI-RN by BMSCs in a paracrine manner
protected rats from silica-induced lung injury by blocking
the production and/or activity of IL-1 and TNF-a. This may
perform an anti-inflammatory role in early stages of the
disease and an antifibrotic role at later stages in silicosis rats.
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In short, BMSCs exhibit a potential beneficial effect on sili-
cosis through paracrine mechanisms. This study may provide
valuable insight into the prevention and treatment of silicosis
and present novel prospects for cell therapy.
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