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Roles of EGFR Signaling Pathway in Silica-induced Epithelial-mesenchymal
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ABSTRACT Objective: Silica exposure results in an initially acute lung inflammatory response followed by the proliferation of
fibroblasts. The epidermal growth factor receptor (EGF-R) signaling pathway maintains a balance between cell proliferation,
differentiation and apoptosis, and thus it is imagined that EGF-R signaling pathways play an important role in the development and
progression of Pulmonary fibrosis. To investigate silica-induced Epithelial-mesenehymal transition (EMT) in human A549 cells and the
roles of EGFR signaling pathway in silica-induced EMT in Human A549 cells in vitro. Methods: A549 cells were cultured and stimulated
with indicated doses of silica (0, 50, 100, 200 ug/ml). The cells morphology changes were observed under phase-constrast microscope. In
addition, The mRNA level of E-cadherin and a-SMA were also evaluated by Real-time PCR(qRT-PCR). The protein level of E-cadherin,
a-SMA and EGFR were assessed by immunnoflurescence staining. Results: The data showed that silica-induced A549 cells with
epithelial cell characteristics to undergo EMT in a dose-dependent manner. After exposure to silica, A549 cells induced EMT
characterized by cells morphological changes, such as displayed a spindle-shape, fibroblast-like morphology. Compared with the control,
the expression of E-cad mRNA and protein in silica-induced A549 cells was significantly down-regulated; The expression of a-SMA
mRNA and protein in silica-induced A549 cells was significantly up-regulated. Compared with the control group, the activation of EGFR

was obvious in silica-stimulated A549 cells (P<0.05). Conclusion: Silica might induce EMT in human A549 cells indirectly, and the

mechanism is most likely associated with the activation of EGFR signaling pathway.
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Introduction

Silicosis is a chronic pulmonary fibrotic disease caused by the
persistent aspiration of dust containing crystalline silica. The se-
quence of events leading to lung fibrosis involves inflammation
and disruption of the normal tissue architecture, followed by tissue
repair with mesenchymal cell accumulation and excess extracellu-
lar matrix (ECM) production ™, Therefore, the proliferation of fi-
broblasts and fibrotic scars to replace the damaged lung tissue
caused by silica-induced pathologic Processes?’. Traditional theo-
ry is that alveolar macrophage is considered one of the most im-
portant target cell in silica-induced lung fibrosis. Alveolar
macrophages could release a variety of fibrogenic factors and cy-
tokines after inhaled silica particle . There is evidence that hu-
man bronchial epithelial cell line has direct changes when exposes
to silica in vitro®®. The alveolar epithelial cells(AECs) through a
(EMT), has

only recently received consideration to involve the process of pul-

process termed “epithelial mesenchymal transition”

monary fibrosis P In addition, the signaling pathways involved in

EMT are very important fields for research in fibrotic diseases.

*Foundation item:Qingdao public Health Program([d1]2013-1-3-47-nsh)

There is an evidence than the activation of EGFR can induce ded-
ifferentiation EMT !, Based on these findings, we should better
understand the role of EMT in lung fibrosis and observe whether
the silica-stimulated A549 cells associated with EGFR signaling
pathway. Using Real-Time PCR (qRT-PCR) and immunnoflures-
cence staining analysis, we tested the mRNA expression of E-cad,
a-SMA and the protein expression of E-cad, a-SMA, EGFR on a
human A549 cell line that was exposed to silica in vitro.
1 Materials and methods
1.1 Materials

The following antibodies were used in this study: Monoclonal
antibodies against E-cadherin(ZSGB-BIO, Beijing, China); Mono-
clonal antibodies against a-SMA (ZSGB-BIO, Beijing, China);
Monoclonal antibodies against EGFR(ZSGB-BIO, Beijing, China);
FITC-conjugated secondary antibodies labeled with goat an-
ti-mouse IgG(ZSGB-BIO, Beijing, China); The fluorescent images
were obtained by confocal laser scanning microscope (Olympus,
BX40BXFLA3,Japan); Silica crystallization type standard (sigma
company, USA, 99 % purity, particle diameter between 0.5-10 um,
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80 % between 1-5 um. Sterilized at 180 C dry roasted for 6 h,
with serum-free culture medium DMEM match the original liquor
concentration into 3 g/L, 4 C storage for later use).
1.2 Cell and cell culture

The human A549 cell line was purchased from the Typical
culture preservation commission cell bank of Chinese academy of
sciences (CCTCC) (Shanghai, China) and saved according to the
CCTCC instructions. All cells were cultured in Dulbecco’s Modi-
fied Eagle’ s Medium(DMEM) (Hyclone, Logan, Utah, USA) sup-
plemented with 10 % foetal bovine serum(FBS) (Hyclone, Logan,
Utah, USA) and antibiotics(100 units/ml penicillin and 100 pg/ml
streptomycin). The cells were maintained at 37 'C in 5 % CO, and
95 % air. The culture medium was exchanged for fresh medium
every 2 days.
1.3 Light microscope to observe the cell morphology

When the cells reached 70% -80% , the cultures were
trypsinized using 0.25% trypsin/ethylenediamine tetraacetic acid
(EDTA; Gibco BRL, China). For experiments cell were seeded in
6 well-plates at 1% 10°/ml in serum-free culture medium, incubat-
ed for 24 h, and then exposed to silica at 0, 50, 100, 200 wg/ml for
48 h in duplicate wells. To observe the cell morphology and take
pictures under light microscope.
1.4 Quantitative RT-PCR(qRT—PCR)

To determine the gene expression levels of E-cadherin and
a-SMA, (0-200 pg/ml) A549 cell
trypsinized, and the total RNA was extracted by RNAiso Plus

silica-stimulated were
(Takara, Japan) and quantity was assessed by absorbance at 260
and 280 nm (BEACKMAN DU640, America). The RNA was re-
verse transcribed into cDNA by PCR instrument(ABI 2720, Amer-
ica) using PrimeScript™ RT reagent Kit(Takara, Japan). Real-time
PCR was performed with SYBR Green Premix Ex Taq™ II kit
(Takara, Japan) using the Real-time PCR instrument(LightCycler
480 Il , Germany). Total reaction mixture (25 wl) containing cD-
NA, SYBR Green Supermix, 10 uM forward primer and reverse
primer, and Rnase free water was prepared. The following
and 3’
GAPDH-sense: 5’ -ggtggtctectetgacttcaacag-3’

oligonucleotide 5’ primer sequences were used:

;antisense: 5’

-gttgetctagecaaattegttgt-3 5 (amplification product: 179 bp);
E-cadherin-sense: 5’ -ctcacatttcccaactectete-3’ ; antisense: 5’
-agccatcetgtttetetttcaa-3’ ;  (amplification product: 224 bp);

a-SMA-sense: 5’ antisense: 5’

-ctettttgetetgtgettegt-3’ 5 (amplification product: 103 bp); The re-

-getgtttteccatccattgt-3

al-time PCR reaction procedures were as follows: 95 C for 5 min
(UDG inactivation and DNA polymerase activation), 40 PCR cy-
cles consisting of denaturation for 30 s at 95 C, annealing and ex-
tension for 30 s at 60 C and primer extension at 72 C for 30 s.
The relative transcript abundance of the target gene is expressed in
A Ct values (A Ct=Ct reference-Ct target). Relative changes in
transcript levels compared with controls are expressed as A A Ct
values(A A Ct=A Ct treated-A Ct control).

1.5 Immunofluorescence studies

Cells were seeded in 24 well-plates at 4 x 10%ml in
serum-free culture medium, incubated for 24 h, and then exposed
to silica at 0, 50, 100, 200 ug/ml for 48 h. The cells were washed
three times, fixed 4% paraformaldehyde for 20 min, and then
soaked in PBS containing 0.3% Triton X-100 for 10 min to in-
crease their permeability to antibodies. After washing the cells
three times for 5 min in PBS and then blocked for 1 h with 10 %
goat serum in PBS. Following overnight incubation at 4 ‘C with
anti-E-cadherin (1:100), anti-a-SMA (1:100),and anti-EGFR (1:
200) in 10% goat serum respectively. A 1:200 dilution of FITC-la-
beled anti-mouse IgG was added for 1 h in the dark. The fluores-
cent images were obtained by fluorescence confocal microscopy
(488 nm).
1.6 Statistical analysis of data

Data were analyzed with SPSS software (Versionl16.0 for
Windows, USA) and expressed as mean+ SD error of the mean
(SEM), For statistical analysis, an unpaired t-test was used for
pair-wise comparisons and ANOVA. P values less than 0.05 were
considered as statistically significant.
2 Results
2.1 A549 cells underwent EMT phenotype changes on ex—
posure to silica

In this study, after exposure to silica(50-200 pg/ml) for 48 h,
we found obvious changes in the cell morphology of the A549
cells compared with the control group(0 ug/ml), especially in high
silica dose group (200 pg/ml). All cells changed to the mesenchy-
mal phenotype, as evidenced by an elongated appearance, irregular
shape, spindle, pseudopodia, and loose of cell-cell junctions(Fig.
1).
2.2 Silica influenced the mRNA and protein expression of
E—cadherin and a—SMA in A549 cells

Apart from changes in the cell morphology, the changes in
the mRNA expression of some EMT markers, such as E-cadherin
and a-SMA, are also used to ensure the mesenchymal phenotype.
Following stimulation by silica (50-200 pg/ml) for 48 h, we tested
two typical molecular markers of A549 cells through Real-time P
CR. The results show that the epithelial E-cadherin was markedly
down-regulated (0.837 £ 0.119, 0.478 + 0.062, 0.223 = 0.044,
F=146.877, P<0.05), and the mesenchymal marker a-SMA was
markedly up-regulated (2.123 = 0.167, 2.817+ 0.128, 4.142
0.149, F=42.996, P<0.05) compared to the untreated A549 cells
(Fig. 2, P <0.05). Furthermore, the results of immunofluorescence
reveal similar results, with A549-EMT cells demonstrating an al-
most complete absence of the green E-cadherin expression, while
the green a-SMA and EGFR epression was much greater than un-
treated A549 cells(Fig. 3).
3 Discussion

Many recent studies have focused on the ability of alveolar

macrophages when expouse to silica. Ingestion of silica by alveo-
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Fig. 1 Effects of'silica on cell morphology in A549 cells. Light microscope showing A549 cells appeared to have a spindle morphology after the

stimulation of silica(b) compared with the control group(a) (magnification =200x )
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Fig. 2 E-cad and a-SMA gene expression in EMT by Real-time PCR. A: Expression of a-SMA, which is a mesenchymal maker, is
up-regulated after silica stimulated( Compared with the control group, P<0.05 ). B: the epithelial E-cad was markedly down-regulated
( Compared with the control group, *P<0.05)
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Fig. 3 Immunofluorescence detection of E-cad(a,b), a-SMA(c,d) and EGFR(e,f) was performed after silica(200 ug/ml)
induced for 48 h (magnification =200% )
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lar macrophages leads to cell activated, and release all kinds of in-
flammatory cytokines, which involved in the process of pulmonary
fibrosis ™ 2. Some scholars believe that inflammation is neither
necessary nor sufficient to induce fibrosis. The origin of the prima-
ry effector cell of fibrosis in the lung, the myofibroblast, is not
clearly established?.

EMT is a process by which fully differentiated epithelial cells
undergo phenotypic transition to fully differentiated mesenchymal
cells, often fibroblasts and myofibroblasts !, It is clear that the
well-described phenomenon of epithelial-mesenchymal transition
(EMT) plays a pivotal role in embryonic development, wound
healing, tissue regeneration, organ fibrosis and cancer progression.
EMT is characterized by loss of epithelial markers E-cad and tran-
sition to a spindle-shaped morphology concomitant with expres-
sion of three mesenchymal markers, ®-SMA, Vim and FN 4%, In
recent years, alveolar epithelial cells (AECs) have been viewed as
one of the key participants in fibrosis. AECs themselves may ac-
quire a mesenchymal phenotype and serve as an important source
of fibroblasts and myofibroblasts through a process of EMT™!, But
whether SiO, as a special kind of fibrosis damage lung epithelial
cells and lead to EMT, which the specific mechanism is still un-
clear. One key piece of study found that the activation of epider-
mal growth factor(EGF) receptor signalng pathway not only stimu-
late epithelial to mesenchymal cells, down-regulate the expression
of E-cad, but differentiation of mesenchymal cells can extend sur-
vival time, promote the level of pulmonary fibrosis'®. The epider-
mal growth factor receptor (EGF-R) is a 170-kd, 1186-amino acid
long transmembrane receptor belonging to a family of receptor ty-
rosine kinases that includes, in addition to EGFR, three other
members (ErbB2/HER-2, ErbB3/HER-3, and ErbB4/HER-4)!""],
EGFR is over-expressed in a wide variety of human carcinomas,
including non-small cell lung, breast, head and neck, bladder, o-
varian and prostate cancer 2, The activation of ErbB receptor,
generally need a number of ligand bind to EGFR such as EGF,
heparin-binding EGF-like growth factor (HB-EGF), amphiregulin
(AR), betacellulin (BTC) and transforming growth factor-alpha
(TGF- a) P*. Activation of EGFR can induce dedifferentiation
EMT which is accompanied by over-expression of mesenchymal
markers such as vimentin, fibronectin and N-cadherin!'”. Some re-
searches have found that the activation of ErbB signaling pathway
can result in increased activity of transcriptional repressors, such
as Snail, Zeb, and Twist, which repress expression of cell adhesion
molecules like E-cadherin®,

In this report, the epithelial and mesenchymal characteristics
of silica-induced A549 cell lines were examined by Real-time
PCR and Immunofluorescence. It is clear that silica can result in
the down-regulated expression of E-cad and the up-regulated ex-
pression of @ -SMA in a dose-dependent manner, thus indicating a
transition from an epithelial phenotype to a mesenchymal pheno-

type. This research has also shown that the signs of myofibrob-

last-like differentiation under a light microscope, such as the ap-
pearance of irregular shape, spindle, pseudopodia, and loose of
cell-cell junctions. On the basis of this experiment, the key signal-
ing events underlying silica-induced EMT has also been identified.
It is obvious that EGFR activity increased significantly in sili-
ca-treated A549 cells by Real-time PCR and Immunofluorescence.
Therefore, under the conditions of in vitro, lung epithelial cells
may directly induce EMT after exposed to silica, then mesenchy-
mal cells increased and its mechanism may be associated with
EGFR signaling pathway. But the specific mechanism of EGFR
influence pulmonary fibrosis is still not very clear.

In conclusion, this study preliminarily shows lung epithelial
cell is an important target cell in the process of pulmonary fibrosis.
Silica can directly stimulate the lung epithelial cells or by stimulat-
ing alveolar macrophages, and release a series of active cytokines,
led to the epithelial phenotype to a mesenchymal phenotype. The
signal pathway may be associated with EGFR. Therefore, the re-
search to explore the intervention of EMT or some targeted drugs
that regulate the activity of EGFR may become a new way for the
treatment of pulmonary fibrosis.
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