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ABSTRACT Long noncoding RNAs (lncRNAs) are involved in various human dis-
eases. Recently, H19 was reported to be upregulated in fibrotic rat lung and play a
stimulative role in bleomycin (BLM)-induced pulmonary fibrosis in mice. However, its
expression in human fibrotic lung tissues and mechanism of action remain unclear.
Here, our observations showed that H19 expression was significantly upregulated and
that of microRNA 140 (miR-140) was markedly reduced in pulmonary fibrotic tissues
from idiopathic pulmonary fibrosis (IPF) patients and transforming growth factor �1
(TGF-�1)-induced HBE and A549 cells. Moreover, the expression of H19 was negatively
correlated with the expression of miR-140 in IPF tissues. H19 knockdown attenuated
TGF-�1-induced pulmonary fibrosis in vitro. Furthermore, animal experiments showed
that H19 knockdown attenuated BLM-induced pulmonary fibrosis in mice. The study of
molecular mechanisms showed that H19 functioned via reduction of miR-140 expression
by binding to miR-140. The increase of miR-140 inhibited TGF-�1-induced pulmonary fi-
brosis, and H19 upregulation diminished the inhibitory effects of miR-140 on TGF-�1-
induced pulmonary fibrosis, which was involved in the TGF-�/Smad3 pathway. Taken to-
gether, our findings showed that H19 knockdown attenuated pulmonary fibrosis via the
regulatory network of lncRNA H19–miR-140–TGF-�/Smad3 signaling, and H19 and miR-
140 might represent therapeutic targets and early diagnostic and prognostic biomarkers
for patients with pulmonary fibrosis.
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Idiopathic pulmonary fibrosis (IPF), a common, progressive, and fatal disease with a
median survival of 3 to 5 years, is characterized by phenotypic dystransition in the

alveolar epithelial cells with excessive deposition of extracellular matrix collagen (1). No
specific treatment for this disease exists. Undoubtedly, a better understanding of
pathogenesis of pulmonary fibrosis will contribute to the development of more effec-
tive therapeutic strategies. Transforming growth factor �1 (TGF-�1), an elicitor of
myofibroblast generation and deposition of extracellular matrix collagen, is recognized
as a master switch of the occurrence of fibrosis. Smads (Smad2 and especially Smad3),
the downstream factors in the TGF-�1 pathway, are key regulators in fibrogenesis (2, 3).
Many studies have reported the roles of TGF-�/Smad3 signaling in fibrosis. For exam-
ple, Qin et al. (4) reported that TGF-�/Smad3 signaling promotes renal fibrosis. Lakos et
al. (5) reported that TGF-�/Smad3 signaling regulates skin fibrosis in a mouse model of
scleroderma. Yu et al. (6) and Warburton et al. (7) reported that TGF-�/Smad3 signaling
promotes the progression of pulmonary fibrosis. Thus, inhibition of TGF-�/Smad3
signaling may have great clinical significance for patients with pulmonary fibrosis.

MicroRNAs (miRNAs), small noncoding RNAs (ncRNA) of 18 to 24 nucleotides in
length, can regulate a wide range of the signaling pathways related to most biological
and pathological processes by binding to the 3= untranslated region (3=-UTR) of mRNA
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and decreasing gene expression. Increasing evidence has suggested important roles of
miRNAs in pulmonary fibrosis (8–13). Identification of pulmonary fibrosis-related miRNAs
has been recognized as a promising therapeutic target and an early diagnostic and
prognostic biomarker for patients with pulmonary fibrosis. For example, Duru et al. (12)
reported that loss of miRNA 140 (miR-140) is a key risk factor for radiation-induced lung
fibrosis through reprogramming fibroblasts and macrophages. Wang et al. (14) found that
the increase of miR-140 ameliorates pulmonary fibrosis by binding to the 3=-UTR of Smad3
mRNA and suppressing the TGF-�/Smad3 pathway. Long noncoding RNAs (lncRNAs), a
type of ncRNA with a length of �200 nucleotides, are important regulators of most
biological and pathological processes. Many previous studies have shown that mutation
and dysregulation of lncRNAs are closely associated with various human diseases, including
fibrosis. For example, lncRNA APTR promotes the activation of hepatic stellate cells and the
progression of liver fibrosis, lncRNA CYP4B1-PS1-001 and ENSMUST00000147869 regulate
proliferation and fibrosis in diabetic nephropathy, lncRNA MIAT promotes cardiac fibrosis in
postinfarct myocardium, lncRNA H19 controls the DUSP5/extracellular signal-regulated
kinase 1/2 (ERK1/2) axis in cardiac fibroblast proliferation and fibrosis, and H19 promotes
cholestatic liver fibrosis by preventing ZEB1-mediated inhibition of EpCAM (15–20). In
addition, H19 has been reported to be upregulated in fibrotic rat lung and play a
stimulative role in bleomycin (BLM)-induced pulmonary fibrosis in mice (21). However, its
expression in human fibrotic lung tissues and mechanism of action remain unclear.
Previous studies have revealed that lncRNAs can function by interacting with miRNAs and
upregulating the targets of miRNAs. We performed bioinformatics analysis of miRNA
recognition sequences on H19 by starBase v2.0 and found H19 contained a binding site of
miR-140. In view of these findings, it is tempting to speculate that H19 promotes
pulmonary fibrosis by decreasing miR-140 expression and improving the activity of the
TGF-�/Smad3 pathway.

In this study, we determined the expression levels of H19 and miR-140 in 15 IPF
tissues and 15 normal lung histology samples, and we analyzed the correlation be-
tween H19 and miR-140 expression in IPF tissues. We also investigated the roles of H19
in pulmonary fibrosis using a TGF-�1-induced cell model and BLM-induced mouse
model and the molecular mechanism in pulmonary fibrosis.

RESULTS
The expression and correlation of H19 and miR-140 in lung tissues of IPF

patients. H19 and miR-140 expression levels were determined by reverse transcription-
PCR (RT-PCR) in 15 normal lung tissues and 15 pulmonary fibrotic tissues from IPF
patients (Fig. 1A). As shown in Fig. 1B and C, pulmonary fibrotic tissues from IPF
patients had higher H19 levels and lower miR-140 levels than normal lung tissues. In
addition, a negative correlation was observed between H19 and miR-140 expression in
the lung tissues of IPF patients (Fig. 1D).

H19 and miR-140 expression in TGF-�1-treated HBE and A549 cells. TGF-�1 is
one of the major mediators of pulmonary fibrosis and can induce fibrosis in vitro. After
exposure to TGF-�1 (10 ng/ml) for 48 h, HBE and A549 cells were collected, and H19 as
well as miR-140 expression in these cells was determined. The results showed that
TGF-�1 treatment enhanced H19 expression (Fig. 2A) and reduced miR-140 expression
in HBE and A549 cells (Fig. 2B). In addition, Western blot assays were conducted to
detect the effects of TGF-�1 treatment on expression of the TGF-�1 signaling activator
phosphorylation of Smad3 (p-Smad3). The results showed that TGF-�1 treatment
increased the expression levels of p-Smad3 (Fig. 2C and D). Collectively, these results
indicate that H19 and miR-140 expression is associated with pulmonary fibrosis in vitro.

H19 knockdown represses pulmonary fibrosis in vitro. To further investigate the
roles of H19 in pulmonary fibrosis, H19 expression was decreased by short interfering
RNA (siRNA) transfection in HBE and A549 cells. As shown in Fig. 3A, compared with
siRNA H19-2 (si-H19-2) transfection, si-H19-1 transfection decreased H19 expression to
a greater extent, which was the reason why si-H19-1 transfection was performed for
follow-up experiments. Myofibroblast generation and deposition of extracellular matrix
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collagen are major characteristics of pulmonary fibrosis. Thus, we further investigated
the effects of H19 reduction on pulmonary fibrosis via detection of myofibroblast
marker alpha smooth-muscle actin (�-SMA) levels by enzyme-linked immunosorbent
assay (ELISA) and collagen I and collagen III expression by Western blotting. The results

FIG 1 H19 is significantly upregulated in pulmonary fibrotic tissues from IPF patients and is inversely
correlated with the expression level of miR-140. (A) Representative images of normal and fibrotic tissues
in lung from H&E staining assays. (B and C) qRT-PCR assays showed that pulmonary fibrotic tissues from
IPF patients have higher H19 levels and lower miR-140 levels than normal lung tissues. (D) A negative
correlation was observed between H19 and miR-140 expression in the lung tissues of IPF patients.
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showed that H19 knockdown blocked TGF-�1-induced �-SMA and collagen I and III
expression in HBE and A549 cells (Fig. 3B to D). Taken together, these results indicate
that H19 knockdown represses pulmonary fibrosis in vitro.

H19 functions by targeting miR-140. The online software starBase v2.0 was
employed to predict miRNA recognition elements on H19, and the results showed that
miR-140 could bind to complementary sequences in H19 (Fig. 4A). The H19 sequence
with wild-type (WT) or mutant (MUT) binding sites of miR-140 was inserted into
luciferase reporter plasmids, and then the plasmids (H19-WT or H19-MUT) were cotrans-
fected with miR-140 mimic or miRNA negative control (miR-NC) into HBE and A549
cells. Compared with miR-NC, miR-140 mimic transfection significantly reduced the
luciferase activity of the wild-type reporter but did not affect the luciferase activity of
the mutant reporter (Fig. 4B). In addition, the miR-140 expression level was increased
by H19 inhibition, while it was decreased by H19 overexpression (Fig. 4C). These data
suggest that H19 can directly target miR-140 and downregulate its expression. We
further investigated whether H19 functions by targeting miR-140. miR-140 mimic and
pcDNA-H19 were transfected into HBE and A549 cells individually or in combination,
and then these cells were exposed to TGF-�1 (10 ng/ml). After 48 h, �-SMA, collagen I,
and collagen III expression was determined. The results showed that the increase of
miR-140 blocked TGF-�1-induced �-SMA and collagen I and III expression, while H19
upregulation diminished the effects of miR-140 on TGF-�1-induced �-SMA and colla-
gen I and III expression (Fig. 4D to F). Collectively, these results indicate that H19
functions by targeting miR-140 in vitro.

FIG 2 TGF-�1 treatment enhances H19 and p-Smad3 expression and reduces miR-140 expression in
HBE and A549 cells. (A and B) qRT-PCR assays showed that TGF-�1 treatment enhanced H19 expression
and reduced miR-140 expression in HBE and A549 cells. (C and D) Western blot assays showed that
TGF-�1 treatment enhanced p-Smad expression in HBE and A549 cells. *, P � 0.05.
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H19 targets miR-140 and regulates the TGF-�/Smad3 pathway. In view of the
previous report, which showed that miR-140 ameliorates pulmonary fibrosis by target-
ing Smad3 and suppressing the TGF-�/Smad3 pathway, we further investigated
whether H19 targeted miR-140 and regulated the TGF-�/Smad3 pathway in HBE and
A549 cells. We detected the expression of TGF-�1 and p-Smad3, two important factors
in the TGF-�/Smad3 pathway, in response to the alteration of H19 and miR-140
expression. The results showed that miR-140 significantly repressed the mRNA and
protein expression of TGF-�1, while H19 upregulation relieved the inhibitory effect of
miR-140 on TGF-�1 expression (Fig. 5A to C). Similarly, miR-140 significantly repressed
the protein expression of p-Smad3, while H19 upregulation relieved the inhibitory
effect of miR-140 on p-Smad3 expression (Fig. 5B and C). Taken together, these data
indicate that H19 targets miR-140 and regulates the TGF-�/Smad3 pathway in HBE and
A549 cells.

H19 knockdown inhibits pulmonary fibrosis via the TGF-�/Smad3 pathway in
vivo. To further characterize the function of H19 in pulmonary fibrosis, BLM treatment
was used to establish pulmonary fibrosis mouse models. The established pulmonary
fibrosis mouse models were verified by hematoxylin and eosin (H&E) staining assays.
H&E staining assays also showed marked attenuation of BLM-induced pulmonary
fibrosis in the mice treated with short hairpin RNA H19 (sh-H19) (Fig. 6A). The serum
TGF-�1 level was significantly increased in a BLM-induced mouse model of pulmonary
fibrosis compared with that of the saline control, while sh-H19 treatment decreased
TGF-�1 levels in a BLM-induced mouse model of pulmonary fibrosis (Fig. 6B). In
addition, the expression of miR-140, TGF-�1, p-Smad3, collagen I, collagen III, and
�-SMA in the lung tissues of four groups was also detected. The results showed that
miR-140 expression was decreased; TGF-�1, p-Smad3, collagen I, collagen III, and
�-SMA expression was increased in a BLM-induced pulmonary fibrosis mouse model
compared with the control, while sh-H19 treatment enhanced miR-140 expression and
reduced TGF-�1, p-Smad3, collagen I, collagen III, and �-SMA expression in the BLM-
induced mouse model of pulmonary fibrosis (Fig. 6C to F). To ensure the efficiency of
sh-H19 in the BLM-induced mouse model of pulmonary fibrosis, quantitative RT-PCR
(qRT-PCR) was used to detect the expression of H19 in different groups after transfec-
tion with sh-H19. The results showed that sh-H19 could downregulate the expression

FIG 3 H19 knockdown represses pulmonary fibrosis in vitro. (A) qRT-PCR assays showed that transfection of si-H19-1 or si-H19-2 significantly decreased H19
expression in HBE and A549 cells, especially in the si-H19-1 group. (B to D) ELISA and Western blot assays showed that H19 knockdown blocked TGF-�1-induced
�-SMA and collagen I and III expression in HBE and A549 cells. *, P � 0.05.
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of H19 in the BLM-induced mouse model (Fig. 6G). Overall, these results indicate that
H19 knockdown represses pulmonary fibrosis by regulating miR-140 expression and
inhibiting the TGF-�/Smad3 pathway in vivo and in vitro.

DISCUSSION

Pulmonary fibrosis represents the most aggressive form of interstitial lung disease,
with a poor prognosis and high mortality rate. Increasing evidence has suggested that
miRNAs, small ncRNAs, are involved in the progression of pulmonary fibrosis and serve
as therapeutic targets and early diagnostic and prognostic biomarkers for patients with
pulmonary fibrosis. For example, epigenetic regulation of miR-17�92 contributes to
the pathogenesis of pulmonary fibrosis, miR-29 inhibits BLM-induced pulmonary fibro-
sis in mice, miR-21 promotes fibrogenic activation of pulmonary fibroblasts and lung
fibrosis, miR-154 promotes fibroblast migration and proliferation, miR-140 protects
against radiation-induced lung fibrosis through inhibiting myofibroblast differentiation
and inflammation, and miR-200 can reverse the fibrogenic activity of pulmonary

FIG 4 H19 functions by targeting miR-140. (A) Bioinformatics analyses showed the predicted H19 binding sites in miR-140. (B) Luciferase reporter assays
revealed that cotransfection with miR-140 significantly reduced luciferase activity of the wild-type reporter, but it had no effect on the luciferase activity
of the mutant reporter in HBE and A549 cells. (C) qRT-PCR assays showed that the miR-140 expression level was increased by H19 inhibition while it was
decreased by H19 overexpression. (D to F) ELISA and Western blot assays showed that the increase of miR-140 blocked TGF-�1-induced �-SMA and
collagen I and III expression, while H19 upregulation diminished the effects of miR-140 on TGF-�1-induced �-SMA and collagen I and III expression. *,
P � 0.05.
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FIG 5 H19 targets miR-140 and regulates the TGF-�/Smad3 pathway. (A to C) qRT-PCR and Western blot assays showed that miR-140 significantly
represses the mRNA and protein expression of TGF-�1 and p-Smad3, while H19 upregulation relieves the inhibitory effect of miR-140 on TGF-�1
and p-Smad3 expression. *, P � 0.05.
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FIG 6 H19 knockdown inhibits pulmonary fibrosis in vivo. (A) H&E staining assays showed marked attenuation of
BLM-induced pulmonary fibrosis in the mice treated with sh-H19. (B) ELISAs showed that the serum TGF-�1 level was
significantly increased in BLM-induced mouse model of pulmonary fibrosis compared to that of the saline control, while
sh-H19 treatment decreased TGF-�1 levels in the BLM-induced mouse model of pulmonary fibrosis. (C to F) qRT-PCR and

(Continued on next page)
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fibroblasts from mice with BLM-induced pulmonary fibrosis and patients with pulmo-
nary fibrosis (8–13).

lncRNAs have attracted increasing attention in recent years due to their crucial
effects in the life cycle of genes from transcription to mRNA splicing and translation
and, when dysfunctional, in the presence of various diseases, including pulmonary
fibrosis. For example, Cao et al. (22) have identified 210 upregulated and 358 down-
regulated lncRNAs in rats with lung fibrosis by performing a microarray profiling study.
Song et al. (23) reported that lncRNA MRAK088388 and MRAK081523 are significantly
upregulated in fibrotic rats and are highly correlated with the expression levels of
N4bp2 and Plxna4, respectively. The molecular mechanisms by which lncRNAs function
are complicated, and the interaction of lncRNAs and microRNAs is one of the most
important molecular mechanisms. This molecular mechanism has been confirmed by
numerous studies. For example, lncRNA UCA1 exerts oncogenic functions in non-small-
cell lung cancer by targeting miR-193a-3p, lncRNA HOTAIR functions as a competing
endogenous RNA to regulate HER2 expression by sponging miR-331-3p in gastric
cancer, lncRNA ANRIL indicates a poor prognosis of gastric cancer and promotes tumor
growth by epigenetically silencing miR-99a/miR-449a, lncRNA GAS5 suppresses the
migration and invasion of hepatocellular carcinoma cells via miR-21, and H19 contrib-
utes to gallbladder cancer cell proliferation by modulated miR-194-5p targeting AKT2
(24–28). In addition, H19 is widely reported to be associated with fibrosis, including
pulmonary fibrosis (19–21). Song et al. reported that H19 promotes cholestatic liver
fibrosis by preventing ZEB1-mediated inhibition of EpCAM (20). Tang et al. reported
that H19 could affect a bleomycin-induced mouse model of idiopathic pulmonary
fibrosis through interaction with miR-29b (21). All of the studies have suggested that
H19 is involved in the occurrence and development of pulmonary fibrosis, and H19
could be a new target for the treatment of pulmonary fibrosis. Thus, a further inves-
tigation on the roles of H19 in pulmonary fibrosis and the probable molecular mech-
anism behind it is very significant.

In our study, we revealed a new working mechanism for H19 in pulmonary fibrosis.
We employed starBase v2.0 to predict miRNA recognition elements on H19, and
miR-140 was predicted to be a potential miRNA target on H19. The expression of H19
and miR-140 was detected, and the results showed that pulmonary fibrotic tissues from
IPF patients had higher H19 levels and lower miR-140 levels than normal lung tissues,
and H19 expression was inversely related to miR-140 expression in the lung tissues of
IPF patients. In addition, TGF-�1 treatment significantly increased H19 expression and
decreased miR-140 expression. Both H19 knockdown and the increase of miR-140
inhibited TGF-�1-induced pulmonary fibrosis, while H19 upregulation diminished the
inhibitory effects of miR-140 on TGF-�1-induced pulmonary fibrosis in vitro. Luciferase
reporter assays further confirmed that H19 could directly target miR-140. These results
suggested that H19 exerted its effects in pulmonary fibrosis by suppressing miR-140
expression.

TGF-�/Smad3 signaling is one of the key pathways responsible for pulmonary
fibrosis. Wang et al. (14) have reported that low-dose paclitaxel ameliorates pulmonary
fibrosis by upregulating miR-140 and suppressing the TGF-�/Smad3 pathway. We
further explored whether H19 exerted regulatory effects in pulmonary fibrosis by
targeting miR-140 and regulating the TGF-�/Smad3 pathway. We conducted a series of
experiments and found that TGF-�1 treatment significantly increased TGF-� signaling
activator p-Smad3 expression and miR-140 repressed TGF-�1 and p-Smad3 expression
in HBE and A549 cells, while H19 upregulation relieved the inhibitory effects of miR-140

FIG 6 Legend (Continued)
Western blot assays showed that miR-140 expression was decreased and TGF-�1, p-Smad3, collagen I, collagen III, and
�-SMA expression levels were increased in BLM-induced pulmonary fibrosis mouse models compared with those of the
control, while sh-H19 treatment enhanced miR-140 expression and reduced TGF-�1, p-Smad3, collagen I, collagen III, and
�-SMA expression in BLM-induced mouse models of pulmonary fibrosis. (G) qRT-PCR assays showed that H19 expression
was decreased in BLM-induced pulmonary fibrosis mouse models after transfection with sh-H19. *, P � 0.05.
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on TGF-�1 and p-Smad3 expression. These data confirm that H19 targets miR-140 and
regulates the TGF-�/Smad3 pathway in vitro. To further characterize the roles and
molecular mechanism of H19 in pulmonary fibrosis, BLM was used to produce pulmo-
nary fibrosis mouse models. BLM is known to produce pulmonary fibrosis in experi-
mental animals and humans, and a BLM-induced pulmonary fibrosis animal model has
been widely used to explore the pathogenesis of pulmonary fibrosis (29–33). The
established pulmonary fibrosis mouse models were verified by H&E staining assays. The
treatment of sh-H19 attenuated BLM-induced pulmonary fibrosis. In addition, sh-H19
treatment decreased TGF-�1, p-Smad3, collagen I, collagen III, and �-SMA expression
and increased miR-140 expression in BLM-induced mouse models of pulmonary fibro-
sis. Overall, these results indicate that H19 knockdown represses pulmonary fibrosis by
regulating miR-140 expression and inhibiting the TGF-�/Smad3 pathway in vivo and in
vitro.

In conclusion, our findings showed that H19 was significantly upregulated and
miR-140 was markedly reduced in pulmonary fibrotic tissues from IPF- and TGF-�1-
induced HBE and A549 cells. H19 knockdown attenuated pulmonary fibrosis via the
regulatory network of lncRNA H19 –miR-140 –TGF-�/Smad3 signaling in vivo and in
vitro. These findings provide great insights into the molecular mechanisms involved in
the pathogenesis of pulmonary fibrosis and novel potential therapeutic targets and
early diagnostic and prognostic biomarkers for pulmonary fibrosis.

MATERIALS AND METHODS
Primary tissue samples. Lung tissues from 15 IPF patients and 15 normal lung histology samples

were obtained from the Lung Tissue Research Consortium. Written informed consent was obtained from
all the participants. The Ethics Committee of the First Affiliated Hospital of Zhengzhou University
approved this patient study.

Cell culture and transfection. A549 human type II alveolar epithelial cells and human bronchial
epithelium (HBE) cells were obtained from the Cell Bank of Chinese Academy of Sciences (Shanghai,
China) and cultured according to instructions. Plasmid cDNA-H19 cDNA (pcDNA-H19) was obtained
by introducing H19 cDNA sequence into the pcDNA3.1 expression vector (Invitrogen, Carlsbad, CA).
The short hairpin RNA (shRNA) and short interfering RNA (siRNA) targeting H19, miR-140 mimic, and
their respective controls were synthesized by Genepharma Company (Shanghai, China). Oligonu-
cleotide and plasmid transfection was performed by using Lipofectamine 2000 reagent (Invitrogen).
For induction of fibrosis, the cells were treated with TGF-�1 (10 ng/ml; Peprotech, Rocky Hill, NJ) for
48 h.

RNA extraction and RT-PCR. Total RNA was extracted using TRIzol reagent and was reverse
transcribed with reverse transcriptase (ReverTra Ace; Toyobo, Osaka, Japan). The expression levels of H19,
�-SMA, and TGF-�1 were quantified using SYBR green RT-PCR and normalized to that of glyceraldehyde-
3-phosphate dehydrogenase (GAPDH). The expression level of miR-140 was quantified using stem-loop
reverse transcription-PCR on a CFX96 RT-PCR detection system (Bio-Rad, Richmond, CA) and normalized
to that of U6.

Animals and BLM administration. All animal procedures were performed in accordance with the
principles of the National Institutes of Health Guide for the Care and Use of Laboratory Animals (34). The
protocol was approved by the Ethics Committee of the First Affiliated Hospital of Zhengzhou University.
Male C57BL/6 mice aged 6 to 8 weeks were obtained from the Branch of National Breeder Center of
Rodents (Shanghai, China) and maintained under strict specific-pathogen-free conditions. The animals
were randomly divided into four groups: the saline group, where the mice were given a single
intratracheal instillation of 0.05 ml of sterile saline, the BLM group, where the mice were given a single
intratracheal instillation of 0.05 ml of sterile saline containing BLM (1.5 U/kg of body weight; Nippon
Kayaku, Tokyo, Japan), and BLM�sh-NC and BLM�sh-H19 groups, where sh-NC or sh-H19 was admin-
istered after BLM treatment. At 4 weeks, the mice were sacrificed and blood and lung tissue were
collected. Serum was separated from blood by centrifugation, and the serum TGF-�1 level was deter-
mined.

ELISA. The protein level of �-SMA in cell culture supernatants and TGF-�1 protein level in serum
were measured by using an ELISA kit (eBioscience, San Diego, CA) according to the manufacturer’s
instructions.

Histology. Paraformaldehyde-fixed lung tissues were embedded in paraffin, cut into 4-�m sections,
and then stained with hematoxylin and eosin (H&E). The slides were viewed by light microscope (model
BX40; Olympus, Japan), and the images were captured and analyzed.

Western blotting. Western blotting was performed as previously described (35). Primary antibodies
against p-Smad3, collagen I, collagen II, TGF-�1, and �-actin and a horseradish peroxidase-conjugated
secondary antibody were employed in these assays.

Luciferase reporter assay. Cells cultured in 24-well plates were cotransfected with miR-140
mimic or miRNA negative control and luciferase reporter plasmids containing the H19 fragments
with WT or MUT binding sites of miR-140 by Lipofectamine 2000. At 48 h posttransfection, cells were
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lysed and luciferase activity was monitored by using a GloMax 20/20 luminometer (Promega,
Madison, WI).

Statistical analysis. Data were expressed as means � standard deviations. The comparisons
between groups were performed via Student’s t test or analysis of variance. P values of �0.05 were
considered statistically significant. All experiments were performed in at least three replicates.
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