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Letter to the Editor

The Role of Fibrocyte in the Pathogenesis of Silicosis’
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Exposure to free silica induces silicosis and
myofibroblasts are regarded as primary effector
cells. Fibrocytes can differentiate into
myofibroblast. Therefore, the present study was
designed to investigate whether fibrocytes
participate in silicosis. The rat model of silicosis was
established. Hematoxylin-eosin stainings and
Masson stainings were used to evaluate the
histopathology and collagen deposition. Flow
cytometry  and immunofluorescence  were
performed to detect the number of fibrocytes and
their contribution to myofibroblasts. Results
showed that fibrocytes participate in silicosis. Trend
analysis of different sources of myofibroblasts
during silicosis indicated that fibrocytes and lung
type Il epithelial cell-derived myofibroblasts play an
important role in the early stage of silicosis, while
resident lung fibroblast-derived myofibroblasts play
a predominant role during the fibrosis formative
period.

Chronic inhalation of crystalline silica (SiO;) is
associated with the development of silicosis, which is
characterized by tissue remodelling,
fibroproliferation, and deposition of extracellular
matrix (ECM). Myofibroblasts, as key effector cells,
are believed to play a major role in the pathogenesis
of fibrotic diseases. The source of these cells has
been intensively debated. Resident lung fibroblasts
were conventionally thought to be the main source
of myofibroblasts. However, recent studies have
demonstrated that epithelial-mesenchymal
differentiation or recruitment of fibrocytes also
contribute to myofibroblasts in lung fibrosis. Little
attention has been focused on fibrocytes and the
contribution of different sources of myofibroblasts in
silicosis.

Among the possible sources of lung
myofibroblasts, fibrocytes are bone marrow-derived
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cells that co-express CD45 and collagen type | (CD45"
Col I+)[1]. Fibrocytes participate in both tissue fibrosis
and tissue remodelling by producing ECM and matrix
metalloproteinases[zl. Recent studies have reported
that the number of fibrocytes is obviously increased
in patients with idiopathic pulmonary fibrosis (IPF)
and that higher numbers of them are related to early
mortality[al. Taken together, a growing body of
evidence indicates that fibrocytes participate in lung.
In our present study, we sought to evaluate the
contribution of fibrocytes to silicosis. We compared
lung tissue and peripheral blood from rats with
silicosis and control rats for the presence and
number of fibrocytes and contribution of the three
sources of myofibroblasts during the process of
experimental silicosis. Our findings support the
notion that fibrocytes may participate in silicosis and
that different sources of myofibroblasts may play
roles at different stages of silicosis.

The animal experiments were approved by the
Experimental Animal Ethics Committee of Zhengzhou
University, and our study was conducted in
accordance with the guidelines of the Chinese
Association of Laboratory Animal Care. The SD rats
were randomly divided into the model group and
control group (n = 36 per group). The rats in the
model group were administered a single
intratracheal instillation of SiO, solution (100 mg/0.5
mL per rat) and those of control group were instilled
an equal amount of 0.9% saline. All of the rats were
anaesthetized with chloral hydrate and then
sacrificed by cervical dislocation for further study at
1,2, 3,6,9, and 12 weeks (n = 12 per week) after
silica/saline instillation.

Hematoxylin-eosin (HE) and Masson stainings
were used to evaluate the histopathology and
collagen deposition. The extent of lung fibrosis was
evaluated by the measurement of the area of
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fibrosis (%) using Image-Pro Plus 6.0 software (Media
Cybernetics, MD, USA). Double-colour
immunofluorescence was performed to identify
fibrocytes or different sources of myofibroblasts in
the lung tissue. The fibrocytes were labelled by
CD45" Collagen I'. The fibrocytes-derived
myofibroblasts were labelled by CD45" a-smooth
muscle actin® (SMA). The lung type Il epithelial cells
(AT I)-derived myofibroblasts were labelled by
human pulmonary surfactant associatedprotein
(SPC" a-SMA'). The nuclei was stained by 4/,
6’-diamidino-2-phenylindole dihydrochloride (DAPI).
The sections were observed by a Nikon Eclipse Ti
microscope (Nikon, Totyo, Japan). For the counting
of fibrocyte-derived collagen I-secreting cells or
fibrocyte-derived and AT II-derived myofibroblasts in
the lungs, two observers assessed the number of
double-positive cells. Ten fields were randomly
selected to be examined, and the numbers of double
positive cells were counted and calculated as the
mean number of positively stained cells per total
number of collagen | or a-SMA positive cells at
sections of the lungs at 200x magnification.

The statistical analysis was performed using
SPSS 21.0 (IBM, NC, USA). Comparisons were
evaluated by Student’s t test. P values that were less
than 0.05 were used to define statistically significant
differences.

In the present study, the rat silicosis model was
successfully established (Figure S1 available in
www.besjournal.com).

Fibrocytes comprise approximately 0.1% to 1%
of human peripheral blood leukocytes in healthy
individuals™. The number of fibrocytes increases and
they rapidly enter sites of tissue injury once the skin
is injured. Similar results were found in this study.
Fibrocytes exist and are increased in the peripheral
blood early during the inflammatory response (at 2
and 3 weeks) after SiO, exposure (Figure 1A and 1C).
The results of our study suggest that SiO, could
promote fibrocyte differentiation both in vitro and in
vivo and that the increased number of fibrocytes can
be observed in the early stage of silicosis in the
peripheral blood®™. Flow cytometry (FCM) analysis
showed that the percent of fibrocytes in the lung
tissue was obviously increased after SiO, exposure
from 1 to 12 weeks (Figure 1B and 1D). At 1 week,
the number of fibrocytes weeks was increase in lung
while in blood there is no obvious change. We
assume that fibrocytes can migrate rapidly to lung
tissue to participate in injury repair and that the
body can still maintain homeostasis at 1 week.

However, the lung microenvironment is in disorder
with the prolongation of SiO, exposure, as more
fibroblast-like cells need to participate in
pathological repair and reconstruction. At this time,
bone marrow may supply more fibrocyte precursor
cells to maintain a high level of fibrocytes in the
peripheral blood or lung tissue. The further study
confirmed CD45" collagen I” fibrocytes were existent
in the lung tissue. CD45" collagen I fibrocytes
contributed to approximately 10% to 16% of the
collagen I-expressing cells in the lungs of
SiO,-exposed rats which suggests that fibrocytes play
a role in the ECM deposit in silicosis (Figure 2A and
2B).

Based on animal models of fibrosis in
parenchymal organs, fibrocytes accounted for
approximately 5% to 20% of myofibroblasts in
fibrotic organs. The highest amounts were in
bleomycin-induced lung fibrosis, of  which
fibrocyte-derived myofibroblasts comprise 25% to
50% of the total number of myofibroblasts[el. These
data suggest that fibrocyte recruitment may
contribute to lung fibrosis. Silicosis is a type of
fibrotic disease, and the number of fibrocytes
increases during the process of silicosis. Therefore,
we wonder whether there are fibrocyte-derived
myofibroblasts, what is their contribution, and what
is the interaction of the different sources of
myofibroblasts in the course of silicosis. To work out
the above questions, CD45" a-SMA" and SPC’
a-SMA" were used to identified fibrocyte-derived
myofibroblasts and AT Il-derived myofibroblasts,
respectively. The results showed that
fibrocyte-derived myofibroblasts (15%-35%, Figure
3A and 3C) and AT ll-derived myofibroblasts (9%
-21%, Figure 3B and 3D) were increased in the lung
tissue of silicosis rats at different time points. We
calculated  the contribution of  resident
fibroblast-derived myofibroblasts as being
approximately 40% to 65% according to the other
two sources of myofibroblast contributions. As
showed in Figure 3E, the numbers of
fibrocyte-derived and AT ll-derived myofibroblasts
have increasing trends at the inflammatory response
period (at 1, 2, and 3 weeks) and then decreasing
trends at the fibrotic period (at 6, 9, and 12 weeks).
However, those of resident fibroblast-derived
myofibroblasts in the lungs showed opposite trends.
The dynamic changes of different sources of
myofibroblasts indicated that they may play roles in
different time points of silicosis. Fibrocyte-derived and
AT ll-derived myofibroblasts may act mainly during
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the inflammatory response period. Fibrocytes are
well-known to be capable of inflammatory chemotaxis
and secreting chemokines, including inflammatory
factors and chemokines, which not only maintain the
local inflammatory microenvironment but also recruit
many types of cells to amplify the inflammatory
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responsem. We assume that fibrocytes may maintain
the inflammatory microenvironment through

pro-inflammatory and paracrine functions in the
early stage of silicosis and may initiate the later
stage of the fibrotic process. Resident fibroblast-
derived myofibroblasts in the lungs play roles in the
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Figure 1. SiO, exposure increased the number of fibrocytes in peripheral blood and lung tissue. The
number of fibrocytes in peripheral blood was increased from week 1 to week 9, there were no
significant difference was observed at week 1 (A and C). The number of fibrocytes in lung tissue was
increased from week 1 to week 12 (B and D). Data are expressed as mean + SD. "P < 0.05 vs. control.
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pathological fibrotic process in the late stage of
silicosis. The cells in the lungs released a large
number of cytokines that may promote lung
resident  fibroblasts to  differentiate  into
myofibroblasts, and these myofibroblasts are
capable of a greater proliferation and secretion of
collagens. It is remarkable that fibrocytes can lose
their CD45 phenotype in vitro®, Perhaps this
phenomenon exists in vivo. With an increased SiO,
exposure time, fibrocytes migrated to the lungs and
lost their CD45 phenotype. According to our current
calculation method, these cells are counted into
resident fibroblasts. Thus, using the CD45" a-SMA’
method to identify fibrocyte-derived myofibroblasts

may  underestimate its contributions and
overestimate the contribution of lung resident
fibroblasts.

Our study suggests that fibrocytes may
participate in silicosis and play an important role in
the early stage of silicosis. In addition, it is feasible to
block migration of fibrocytes due to their existence
in peripheral blood, so fibrocytes may represent a
novel therapeutic target for developing more
effective treatments against silicosis.

The authors of the present study are grateful to
the staff of the college of Public Health of the
Zhengzhou University.
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Figure 2. Fibrocyte is exist in lung tissue (A) and SiO, exposure increased the percent of fibrocyte
derived collagen | secreting cells (B). The red represents CD45 and green represents Collagen I. The
arrow points to Fibrocytes (yellow). Data are expressed as mean = SD. P < 0.05 vs. control.
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Figure 3. The contribution of different sources of myofibrobalsts. The red represents CD45 and green
represents a-SMA and the number of fibrocytes-derived myofibroblasts (yellow) was increased from
week 1 to week 12 (A and C). The red represents SPC and green represents a-SMA and the number of
AT ll-derived myofibroblasts (yellow) was elevated from week 1 to week 12 (B and D). The trend

changing analysis of different sources of myofibrobalsts (E). Data are expressed as mean % SD. P <0.05
vs. control.
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