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MicroRNA-708-3p as a potential therapeutic target via
the ADAM17-GATA/STATS3 axis in idiopathic

pulmonary fibrosis

Bo Liu"?3, Rongrong Li"»>3, Jinjin Zhang®3, Chao Meng!?, Jie Zhang?, Xiaodong Song? and Changjun Lv!?

MicroRNAs (miRNAs) are important diagnostic markers and therapeutic targets for many diseases. However, the miRNAs that
control the pathogenesis of idiopathic pulmonary fibrosis (IPF) and act as potential therapeutic targets for the disease are rarely
studied. In the present study, we analyzed the function and regulatory mechanism of microRNA-708-3p (miR-708-3p) and
evaluated this marker’s potential as a therapeutic target in IPF. The clinical and biological relevance of fibrogenesis for
miR-708-3p was assessed in vivo and in vitro, specifically in matching plasma and tissue samples from 78 patients with IPF.
The data showed that the miR-708-3p levels decreased during fibrosis and inversely correlated with IPF. The experiments
showed that the decreased miR-708 promoter activity and primer-miR-708(pri-miR-708) expression were the potential causes.
By computational analysis, a dual luciferase reporter system, rescue experiments and a Cignal Finder 45-Pathway system with
siADAM17 and a miR-708-3p mimic, we identified that miR-708-3p directly regulates its target gene, a disintegrin and
metalloproteinase 17 (ADAM17), through a binding site in the 3’ untranslated region, which depends on the GATA/STAT3
signaling pathway. Finally, an miR-708-3p agomir was designed and used to test the therapeutic effects of the miR-708-3p in
an animal model. Small-animal imaging technology and other experiments showed that the dynamic image distribution of the
miR-708-3p agomir was mainly concentrated in the lungs and could block fibrogenesis. In conclusion, the miR-708-3p-
ADAM17 axis aggravates IPF, and miR-708-3p can serve as a potential therapeutic target for IPF.
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INTRODUCTION
Idiopathic pulmonary fibrosis (IPF) is a specific form of
chronic, progressive fibrosing interstitial pneumonia in
adults.! The America Heart, Lung, and Blood Institute recom-
mends strategic planning and future research to improve the
definition of IPF pathogenesis and develop effective therapies.?
One recommendation is identifying how microRNA (miRNA)
and pathway changes result in IPF. MiRNAs are a large family
of regulatory RNAs that inhibit target gene expression by base
pairing with complementary sites in the 3’ untranslated regions
(UTR) to promote mRNA decay and translational repression.’
MiRNA is critical in the development and dysregulation that
leads to diseases, as well as being an important diagnostic
marker and therapeutic target.*>

The first report on abnormal miRNA in cancer involved
miRNA-143 and miRNA-145 downregulation in colorectal
neoplasia.® Similar findings were reported for pancreatic

cancer, breast cancer and other solid tumors of epithelial
origin.”~ In cancer pathogenesis, the significant role of
miRNAs was uncovered by examining human tumor samples.
Virtually all of the examined tumor types were characterized by
globally abnormal miRNA expression patterns, and miRNA
expression profiles provided significant information on tumor
classification, prognosis and therapeutic response.!*-'? IPF
exhibits several cancer-like pathogenic features and is a
neoproliferative lung disorder. Fundamental pathogenic hall-
marks for both IPF and cancer include epigenetic and genetic
abnormalities and functional features, such as uncontrolled
proliferation, resistance to apoptosis and high migration
rates.'>1> However, unlike other studies on miRNAs in
cancers, studies have not revealed the precise miRNA regula-
tion and mechanism controlling IPF pathogenesis.
MicroRNA-708-3p (miR-708-3p) is highly conserved across
species, but its role and mechanism in IPF have not been
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established to date. This paper follows up on our previous
laboratory research.!® In the present study, we focused on the
therapeutic target and mechanism of miR-708-3p and analyzed
its target gene and signaling pathway during IPF development.
Along with clinical data from patients with IPF, this study
provided a rationale for developing miR-708-3p as a therapeu-
tic target for IPF.

MATERIALS AND METHODS

Patients and healthy volunteers

IPF is diagnosed in accordance with the American Thoracic Society/
European Respiratory Society consensus criteria,!
clinical, radiographic and characteristic histopathological features
(n=78). A blood sample (5 ml) was obtained from each participant

which include

and prepared for testing. Matching plasma samples from healthy
volunteers (n=78) were then selected on the basis of patient sex and
age. Written informed consent was obtained by doctors from each
participant. This study was approved by the ethics committee of
Binzhou Medical University.

Animal model and ethics statement

Mice with a mean weight of 25+ 2 g were purchased from the Model
Animal Research Center of Nanjing University (Nanjing, China). All
animal experiments were performed under the regulations of the
Committee on the Ethics of Animal Experiments of Binzhou Medical
University.!” The mice were housed under a 12 h light/dark cycle,
allowed free access to food and water and randomly divided into four
groups (10 mice per group): sham group, bleomycin-treated group
(BLM group), BLM+ negative control for the miR-708-3p agomir
group (NC group), and BLM+ miR-708-3p agomir group. Each mouse
was administered 10 nmol miR-708-3p agomir, which was sprayed
into the lungs nine times at intervals of 2 days using a Penn-Century
MicroSprayer (Penn-Century Inc., Wyndmoor, PA, USA). At day 28,
all mice were killed, and lung tissue sections were collected and
immediately frozen in liquid nitrogen for further studies. The BLM
animal model was administered 5 mg kg ™! BLM dissolved in saline via
a single intratracheal instillation under anesthesia as previously
described.'®

Cell culture and treatments

A549 (human alveolar epithelial cell) and MRC-5 (human embryonic
lung fibroblast) cell lines were purchased from the Cell Bank of the
Chinese Academy of Sciences. Cells were maintained in Dulbecco’s
modified Eagle’s medium and advanced minimum essential medium,
respectively, and supplemented with 10% newborn calf serum,
100 Uml ™! penicillin, and 100 pgml~! streptomycin at 37°C in a
humidified atmosphere of 5% CO, and 95% air. A549 or MRC-5 cells
were treated with 5 ngml ™! transforming growth factor beta 1 (TGF-
f1) for 72 h.

Hematoxylin and eosin and Masson’s trichrome staining
Pulmonary tissues were fixed by inflation with 4% paraformaldehyde
overnight, dehydrated in 70% ethanol and embedded in paraffin wax.
Sections of 4 mm thickness were prepared and subjected to hematox-
ylin and eosin or Masson’s trichrome staining as previously
described.®
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Dual luciferase assays

The 3'UTR of the ADAM metallopeptidase domain 17 (ADAM17) was
amplified using matched primers. The polymerase chain reaction
(PCR) product was inserted into the vector. The accuracy of the
construct was verified via direct sequencing. The seed sequence was
then mutated by introducing a complementary sequence using
primers. For the luciferase assay, 1x 10 3T3 cells were harvested at
24 h after transfection and analyzed using a dual luciferase assay
according to the manufacturer’s instructions. The firefly luciferase
results were converted to a Renilla signal. All assays were repeated at
least three times.

Oligonucleotides and transfections

The miRNA-708-3p mimic, inhibitor and agomir were synthesized by
RiboBio Co. Ltd. (Guangzhou, China). The ADAM17 small interfering
RNA was synthesized and purchased from GenePharma (Shanghai,
China). All transfections were performed using the DharmaFECT1
reagent (Dharmacon, Austin, TX, USA) according to the manufac-
turer’s instructions.

Transmission electron microscopy observation

Cells or lung tissues were fixed by treatment with fresh 3%
glutaraldehyde at 4 °C for at least 4 h, post-fixed in 1% osmium
tetroxide for 1.5h, dehydrated in gradient ethanol, infiltrated with
Epon812, embedded, and incubated at 37, 45 and 60 °C for 24 h.
Ultrathin sections prepared with an ultracut E ultramicrotome (Leica,
Wetzlar, Germany) were stained with uranyl acetate and lead citrate
and observed using a JEM-1400 transmission electron microscopy
system from Jeol Ltd. (Tokyo, Japan).

Quantitative real-time PCR (qRT-PCR)

Total RNA was extracted using TRIzol reagent from Invitrogen
(Carlsbad, CA, USA) as per the manufacturer’s instructions. Com-
plementary DNA synthesis was performed using an M-MLV Reverse
Transcriptase kit from Promega (Madison, WI, USA) following the
manufacturer’s instructions. The qRT-PCR was performed using a
SYBR Green PCR Master Mix kit from Takara Bio (Shiga, Japan) on
the Rotor Gene3000 real-time PCR system from Corbett Research
(Sydney, Australia).

Western blot analysis

Total protein lysate samples containing 20 mg protein were subjected
to 10% sodium dodecyl sulfate polyacrylamide gel electrophoresis,
transferred onto polyvinylidene difluoride membranes, and blocked
with 7% non-fat milk in Tris-buffered saline and Tween-20 (TBST;
50 mm Tris-HCI (pH 7.6), 150 mm NaCl, 0.1% Tween-20) for 1.5 h at
room temperature. The membranes were washed three times with
TBST buffer and incubated at 4 °C overnight with specific antibodies.
After washing with TBST, the membranes were incubated with
horseradish peroxidase-labeled IgG for 1.5h at room temperature.
The membranes were then washed with TBST, incubated with ECL
reagent and exposed. The membranes were subsequently stripped and
re-probed with a glyceraldehyde 3-phosphate dehydrogenase antibody,
which served as a loading control. Each sample in each group was
measured in triplicate, and the experiments were repeated at least
three times.

Analysis of promoter activity
DNA was extracted from A549 cells by
of mammalian DNA. The primers PF

Human genomic
rapid  isolation



(5-TTTCTCTATCGATAGGTACCGGCAGTTACCATTTCACAC-3)
and PR (5-GATCGCAGATCTCGAGTAAAATGTGCCTACAAA
TA-3") contain ends homologous to the pGL3-basic vector linearized
with Kpnl and Xhol. These primers were employed to amplify the
5" promoter sequence of the has-miR-708 gene from the extracted
human genomic DNA. PCR was conducted at 94°C for 5min
followed by 35 cycles at 94 °C for 45, 60 °C for 30s and 72 °C for
2 min. The PCR-amplified fragment was approximately 1.1 kb in size
and subcloned into the vector pGL3-basic by using the In-Fusion HD
cloning kit from Clontech (Mountain View, CA, USA) Full-length
reporter plasmids were transfected into A549 cells treated or not
treated with TGF-f1.

Statistical analysis

Statistical analysis was performed with the SPSS 17 software. All data
were generated from a minimum of three independent experiments
and expressed as the mean=+s.d. Different groups were compared
using Student’s #-test (for two groups) or one-way ANOVA (for more
than two groups). P<<0.05 was considered statistically significant.

RESULTS

Decreased expression and upstream mechanism of miR-708-
3p in IPF

In a previous study, we found that miR-708-3p exhibits more
significant differences at low expression levels than those of
other miRNAs in IPF.!® To verify our previous microarray
analysis, miR-708-3p expression was evaluated in BLM-treated
mice by qRT-PCR. The results showed that miR-708-3p
expression decreased during fibrosis (Figure 1a). A physiologi-
cal indicator of fibrogenesis, a-Smooth muscle actin (x-SMA),
was tested. Western blot analysis showed that a-SMA was
significantly more highly expressed in the BLM-treated group
than in the sham group (Figure 1b). The Pearson correlation
coefficient clarified that miR-708-3p inversely correlated with
a-SMA (Figure 1c) and suggested that miR-708-3p expression
may be inversely correlated with fibrosis.

Given the limitations of miR-708-3p transfection into
animals, TGF-p1, the most important regulatory factor among
the fibrogenic cytokines,'®?° was used to stimulate human
alveolar epithelial (A549) cells and human lung fibroblast
(MRC-5) cells for confirmation of the in vivo results.2123
The results showed that the miR-708-3p levels decreased and
the a-SMA levels increased with the continued treatment of
A549 and MRC-5 cells with TGF-p1 (Figures 1d and e). This
result indicated that miR-708-3p was also inversely correlated
with a-SMA in vitro (Figure 1f). These data supported the
in vivo results and suggested that miR-708-3p may be regulated
and may offer a novel target gene for managing IPF. Therefore,
the regulatory mechanism of miR-708-3p should be further
explored.

To investigate why the miR-708-3p levels decreased during
fibrosis, we further studied the gene’s upstream regulators.
First, pri-miR-708 and pre-miR-708 were assessed by qRT-PCR
and were also found to be decreased in level (Figure 1g). The
miR-708’s promoter activity was then tested and shown to be
diminished (Figure 1h). MiR-708-5p is another miRNA derived
from pri-miR-708; thus, miR-708-5p expression was analyzed.
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Interestingly, miR-708-5p decreased in the A549 cells and
increased in the MRC-5 cells. Considering the cellular diversity
and complexity of lung tissue, miR-708-5p was not further
explored in this study. We inferred that miR-708-3p can be
regulated by its upstream regulators.

Function of miR-708-3p in IPF

The miR-708-3p mimic and inhibitor were synthesized and
transfected into A549 and MRC-5 cells treated with TGF-p1 for
72 h, after which the function of miR-708-3p was determined.
During fibrosis development, epithelial cells acquire mesench-
ymal characteristics, including changes in cell shape, expression
of mesenchymal markers, such as a-SMA, vimentin and
transcription repressor Snail and loss of the epithelial cell
marker epithelial cadherin (E-cadherin).?* Immunofluores-
cence analysis revealed that the treatment with TGF-p1 for
72 h altered the cell shape from irregular to spindle-like and
that the a-SMA expression increased. Weak expression was
associated with the group treated with the miR-708-3p mimic,
whereas strong expression was noted in the group treated with
the miR-708-3p inhibitor (Figures 2a and b). Cell ultrastructure
improved and reverted to a near-normal state in the miR-708-
3p mimic group (Figure 2c). A western blot showed that miR-
708-3p mimic treatment markedly inhibited a-SMA, vimentin
and Snail expression and promoted E-cadherin expression
(Figure 2d). However, the miR-708-3p inhibitor yielded the
converse of such effects relative to those of the TGF-f1-treated
group (Figure 2e). To verify the A549 data, we analyzed these
physiological indicators of fibrogenesis in the MRC-5 cells. The
findings corroborated the A549 results (Figures 2f and g).

Identification of the miR-708-3p target gene

miRNAs exert regulatory functions by specifically interacting
with their target genes. We first selected the predicted targeted
genes of miR-708-3p on the basis of TargetScan, miRanda and
miRbase data and analyzed their affinities. From the list of
target genes of miR-708-3p, we focused on ADAM1I7 because of
its relatively high affinity. To verify whether ADAM17 was a
target gene of miR-708-3p, we constructed a luciferase assay
reporter system by amplifying and inserting the 3'UTR of
ADAM]I7 into a vector containing the firefly luciferase down-
stream. The luciferase activity of WT 3'UTR-ADAM1I7 sig-
nificantly decreased in the cells transfected with the miR-708-
3p mimics, whereas the miR-708-3p mimics could not inhibit
the luciferase activities of the MU 3'UTR-ADAMI7. These
results suggest that ADAMI7 is the target gene of miR-708-3p
(Figure 3a).

To further confirm ADAMI7 as a miR-708-3p target gene,
we transfected the miR-708-3p mimic and inhibitor into A549
cells. ADAMI7 expression was inhibited by the miR-708-3p
mimic but promoted by the miR-708-3p inhibitor (Figures 3b
and ¢). Notably, the ADAM17 level was inversely correlated
with miR-708-3p expression (Figure 3d). Rescue experiments
(miR-708-3p mimic+ADAM]I7 overexpression) demonstrated
that miR-708-3p directly regulated ADAMI7 expression
(Figures 3e and f). To confirm the A549 data, we analyzed
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Figure 1 MiR-708-3p expression decreased during fibrosis in vivo and in vitro. (@) MiR-708-3p expression diminished in the lung tissues
treated with BLM for O, 7, 14, 21 and 28 days, as indicated by qRT-PCR. The miR-708-3p expression was normalized to the sham group.
(b) a-SMA expression increased in the BLM group relative to that in the sham group. (c) Pearson correlation coefficient clarified that miR-
708-3p inversely correlated with a-SMA in vivo. (d) The gRT-PCR results showed that miR-708-3p expression decreased in the TGF-f1-
treated A549 and MRC-5 cells. (e) a-SMA increased in the TGF-pl-treated A549 and MRC-5 cells. (f) MiR-708-3p expression levels were
inversely correlated with a-SMA in vitro. (g) The qRT-PCR results showed that pri-miR-708 and pre-miR-708 expression decreased in the
TGF-pl-treated A549 and MRC-5 cells. (h) MiR-708 promoter activity decreased in A549 cells treated with TGF-pl for 72 h. The pGL3-
basic indicates the negative control. (i) MiR-708-5p expression decreased in A549 cells and increased in MRC-5 cells treated with TGF-

B1l. Each bar represents the mean +s.d.; n=6. *P<0.05, **P<0.01.

these indicators in the MRC-5 cells. The findings corroborated
the A549 results (Figures 3g and h), which implies that
ADAM]17 is the direct target gene of miR-708-3p.

Regulation of miR-708-3p in IPF-associated aberrant
signaling pathways

To further elucidate the mechanism by which the miR-708-3p
axis regulates IPF, we evaluated the gene’s downstream signal-
ing pathway. MRC-5 cells were transfected with the miR-708-
3p mimic or s;ADAM17 for 6 h and then co-treated with TGF-
f1 for 72 h. Cignal Finder 45-Pathway analyzed the effects of
the miR-708-3p mimic and siADAMI7 on the activation
of key signaling pathways in human lung cells.?® In the reporter
array, the miR-708-3p mimic significantly inhibited the GATA/
STAT3 reporter luciferase activities more effectively than the
activities of the other reporters. Additionally, siADAMI7
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significantly inhibited GATA/STAT3 activity (Figures 4a
and b).

The above-mentioned results suggest that miR-708-3p-
induced aberrant fibrosis affects the GATA/STAT3 signaling
pathways through its target gene ADAM17. Thus, the miR-708-
3p mimic and inhibitor, itADAM]I7, and the ADAMI7 over-
expression vector were transfected into MRC-5 cells to confirm
this point. Western blot analysis showed that the miR-708-3p
mimic suppressed the expression of GATA3, GATA4 and
STAT3 proteins, whereas the miR-708-3p inhibitor induced
the opposite results (Figures 4c and d). Rescue experiments
(miR-708-3p mimic+ADAMI7 overexpression) further proved
the potential role of miR-708-3p in mediating the GATA/
STAT3-dependent signaling pathway (Figure 4e). The effects of
ADAM17 on the pathway in human lung cells were tested using
RNA interference technology (siADAMI7 and ADAMI7
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Figure 2 In vitro effect of miR-708-3p in IPF. Ab49 and MRC-5 cells were first transfected with miR-708-3p mimic or inhibitor for 6 h
and then co-treated with TGF-B1 for 72 h. (a, b) Immunofluorescence analysis showed that the miR-708-3p mimic improved A549 cell
shape and reduced a-SMA expression, but the miR-708-3p inhibitor induced the opposite results. (c) The miR-708-3p mimic improved
the AB49 ultrastructural changes, as observed by TEM. (d) The miR-708-3p mimic markedly promoted E-cadherin expression and
diminished a-SMA, vimentin and Snail in A549 cells. (e) The miR-708-3p inhibitor markedly reduced E-cadherin and promoted a-SMA,
vimentin and Snail expression in Ab49 cells. (f) The miR-708-3p mimic markedly decreased vimentin, a-SMA and collagen | and Il
expression in MRC-5 cells. (g) The miR-708-3p inhibitor markedly promoted vimentin, a-SMA and collagen | and Il expression in MRC-5
cells. Each bar represents the mean+s.d.; n=6, *P<0.05, **P<0.01. TEM, transmission electron microscopy.

overexpression). The results showed that siADAM17 blocked
the expression of GATA3, GATA4 and STAT3 (Figure 4f). In
terms of fibrosis, siADAM]I17 blocked a-SMA, vimentin and
Snail expression (Figure 4g). All of these findings suggest that
miR-708-3p induces aberrant fibrosis via the GATA/STAT3-
dependent ADAM17 signaling pathways.

MiR-708-3p as potential therapeutic target for IPF

To evaluate the potential of miR-708-3p as a therapeutic target,
we synthesized the miR-708-3p agomir for animal experiments.
First, the miR-708-3p agomir was tracked in vivo using
fluorescently labeled (Cy5) miR-708-3p agomir. By small-
animal imaging technology, we assessed the drug delivery
efficacy to the lungs, and the results showed that the dynamic
image distribution of the miR-708-3p agomir mainly concen-
trated in the lungs in vivo (Figures 5a and b). The miR-708-3p
agomir group showed a larger force vital capacity (FVC) than
that of the BLM group (Figure 5c).

Thinner alveolar walls were observed in the tissue sections
from the miR-708-3p-agomir-treated groups than from the
BLM group. Masson’s trichrome staining showed that the
number of fibroblasts and the amount of collagen matrix
increased significantly in the BLM group, along with the
formation of fibrotic lesions with a cordlike distribution. The
miR-708-3p agomir treatment significantly reduced BLM-
induced alveolitis and pulmonary fibrosis (Figures 5d and e).
The cell ultrastructure improved and reverted to a near-normal
state in the miR-708-3p agomir group, as observed in the
transmission electron microscopy (Figure 5f). Western blot
analysis was conducted to quantify the expression levels of
E-cadherin, a-SMA, vimentin and Snail. The expression levels
of a-SMA, vimentin and Snail were significantly higher,
whereas those of E-cadherin were significantly lower, in the
BLM group than in the sham group. MiR-708-3p agomir
treatment markedly augmented E-cadherin expression and
diminished o®-SMA, vimentin and Snail expression

Experimental & Molecular Medicine
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(Figure 5g). Western blot analysis was also used to determine
the effect of the miR-708-3p agomir on the targeted ADAM]I7,
STAT3 and GATA pathways. The results showed that miR-708-
3p agomir blocked ADAMI17, STAT3, GATA3 and GATA4
expression (Figures 5h and i). In general, miR-708-3p agomir
treatment improved the histological and molecular markers of
pulmonary fibrosis. All of these results were similar to those of
the cell experiments. These data indicate that miR-708-3p is a
potential therapeutic target for IPF.

Clinical significance of miR-708-3p in patients with IPF

MiR-708-3p is highly conserved across species, but its expres-
sion in humans remains unexplored. Moreover, studies have
not addressed whether the difference in expression levels was
clinically significant between the patients with IPF and normal
individuals. Therefore, we assessed the significance of the miR-
708-3p correlation with IPF patients as claimed by the clinical
research. Table 1 shows the characteristics and physiologies of
patients with IPF and normal individuals. The number, age and
gender of the normal individuals matched those of the patients
with IPF. No statistical significance was observed among these
characteristics. PaCO, also showed no significant difference. By
contrast, significant differences were noted in the percentages
of predicted FVC (FVC% of predicted), total lung capacity
(TLC) (TLC% of predicted), diffusion capacity for carbon
monoxide (DLco% of predicted) and PaO,; these data are
considered as physiological indicators of fibrogenesis during
IPF progression. Hence, the indicators FVC% and DLco% were
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used to analyze the correlation of miR-708-3p expression
with IPF.

Transmission electron microscopy revealed low collagen
expression in the normal subjects but high expression in the
patients with IPF (Figure 6a). qRT-PCR was conducted to
examine the miR-708-3p expression in peripheral blood mono-
nuclear cells from patients with IPF. MiR-708-3p expression
significantly decreased in the patients with IPF relative to that
of normal individuals (Figure 6b). Pearson correlation coeffi-
cient analysis indicated that the miR-708-3p expression level
positively correlated with the clinical pathological features, such
as FVC% and DLco% (Figures 6¢ and d). The expression of the
target gene ADAMI17 was detected by an immunofluorescence
method. The results showed that ADAMI7 expression was
significantly higher in the patients with IPF than in the normal
population (Figures 6e and f). Meanwhile, the Pearson
correlation coefficient showed that miR-708-3p inversely cor-
related with ADAM17 in the patients with IPF (Figure 6g).
These results coincided with those in our cell and animal IPF
models and hence reflected the successful establishment of our
models and the reliability of our in vivo and in vitro findings.
These clinical results imply that regulating miR-708-3p expres-
sion may offer a novel biomarker or therapeutic approach for
ameliorating IPF.

DISCUSSION
IPF is characterized by progressive fibrosis with a mortality of
50% in 3-5 years after diagnosis.’® High-resolution computed
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tomography (HRCT) is often used to identify patients with IPF
at high risk of early death, but this diagnostic approach is
considered unreliable.”” Molecular analysis for diagnostic
purposes may enhance our understanding of the biological
processes behind lung fibrosis, and its results may, in turn, aid
IPF diagnosis.”?®?° A sensitive and specific tool for early
diagnosis may be the detection of predictive markers in blood
samples by liquid biopsy.>® However, only a few studies have
reported on blood markers in IPF, especially for miRNA. In the
present study, we discovered that miR-708-3p is downregulated
in patients with IPF and that miR-708-3p can target ADAM17
through the GATA/STAT3 signal pathway to control IPF
initiation and progression. Our findings have provided a
potential diagnostic marker or therapeutic target for IPF.
MiRNAs implicated in diseases represent a promising class
of therapeutic targets. Researchers have long been interested in
targeting miRNAs by using oligonucleotides (miRNA inhibitors
or mimics) as a strategy.’>> However, only a few studies have
documented the therapeutic targeting of miRNA in IPF.
MiR-708 is processed from the first intron of the teneurin
transmembrane protein 4 gene located on chromosome 11.
The mature sequence of hsa-miR-708-3p is designated with the
accession number of MIMAT0004927; its previous ID was hsa-
miR-708%, and the sequence was 57 — caacuagacugugagcuucuag
— 78. Numerous studies on miR-708 exist, whereas few works

have explored miR-708-3p/miR-708*.33-3¢ Recently, miR-708
has been identified to be transcriptionally repressed by poly-
comb-repressor-complex-2-induced H3K27 trimethylation in
metastatic breast cancer.’” However, to date, no study has
detailed the mechanism of miR-708-3p. MiR-708-3p is down-
regulated in prostate carcinoma and pleuropulmonary
blastoma,*®3° but its regulatory mechanism remains unex-
plored. In the present study, we systematically and rigorously
investigated the role and regulatory mechanism of miR-708-3p
in IPF. We were unable to use more profiles than those
adopted in our study for miR-708-3p in the IPF tissue because
of the lack of lung parenchyma samples. However, because the
miRNAs detected at altered levels in serum*®*3 are often
dysregulated in malignant tissues,** serum profiling may be
used directly to identify candidate biomarkers.*>*> Therefore,
our study provides a rationale for developing miR-708-3p as a
biomarker or therapeutic agent for IPF.

The current study focused on the target gene ADAMI7,
which acts as a molecular switch for controlling immune
responses, tissue regeneration and cancer development.*®
ADAM17 is expressed and upregulated in tumor cells almost
ubiquitously’’ and is rarely reported in fibrotic diseases.
However, ADAMI7 has been detected in cleavage-activated
proligand substrates, particularly for the epidermal growth
factor receptor (EGFR) ligand amphiregulin in kidney

Experimental & Molecular Medicine
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Table 1 Characteristics and physiologies of IPF patients and
normal individuals

Characteristic Normal IPF P-value
Number 78 78 /
Age (years) 67.9+7.5 68.1+6.8 /
Gender (Male/female) 59/19 54/24 /
FVC (% of predicted) 88.7+10.7 57.8+9.3 <0.01
TLC (% of predicted) 90.7+9.6 63.6+10.9 <0.01
DLCO (% of predicted) 85.8+5.3 57.2+4.9 <0.01
Pa02 (mm Hg) 89.7+4.6 67.2+5.9 <0.01
PaC02 (mm Hg) 38.2+4.7 35.2+3.7 /
Smoking History (n) 49 51 /

Abbreviation: DLCO, diffusing capacity for carbon monoxide; FVC, forced vital
capacity; IPF, idiopathic pulmonary fibrosis; TLC, total lung capacity; smoking
history denotes subjects with >5 years of cigarette smoking.
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fibrosis.*® As a consequence, EGFR is persistently activated and
triggers the synthesis and release of proinflammatory and
profibrotic factors, thereby resulting in fibrosis. Targeting the
ADAM]17 pathway presents a therapeutic target for fibrosis or
cancer.*0> However, reports have not indicated the involve-
ment of ADAM17 upstream regulators, such as miRNA, in the
regulation of the ADAMI7 pathway. In this paper, we were the
first to report ADAM17 as a target gene of miR-708-3p, which
can regulate ADAMI17 by base pairing with the binding site in
the 3'UTR of the protein to control fibrogenesis. Therefore,
fibrogenesis is affected by interference with miR-708-3p or
ADAM]I7. miRNA is considered more sensitive and shorter
than mRNA and has its own unique advantages.

Our results strongly indicate the interplay of the GATA/
STAT3 signaling pathways, the physiological ADAMI7
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downstream pathways. GATA is zinc-finger transcription factor
linked to cell differentiation. GATA6 participates in the
differentiation of fibroblasts into myofibroblasts by mediating
the a-SMA-inducing signal of TGF-B1 in IPE.>! Moreover, the
overexpression of GATA3 enhances the development of pul-
monary fibrosis by reducing interferon levels in the lungs.>?
STATS3 activation is abundant in the fibrotic lungs of patients
with IPF, and the genetic reduction of STAT3 protects the mice
from BLM-induced lung fibrosis.”> STAT3 contributes to
pulmonary fibrosis through epithelial injury and fibroblast—
myofibroblast differentiation.’*>> We analyzed the causes of

significant abnormality in the GATA and STAT3 signaling
pathways. We speculated that although IPF is characterized by
excessive collagen deposition and subsequent fibrosis, inflam-
mation cannot be ignored during IPF development. The two
pathways are closely related to inflammatory cytokines. There-
fore, aberrant miR-708-3p expression induced significantly
changed abnormalities in the GATA and STAT3 pathways.
Finally, we assessed the significance of the correlation of
miR-708-3p with IPF, as reported by clinical research, and
demonstrated the best clinical evidence for patients with IPF.
Our in vivo and in vitro findings, as well as the clinical data

Experimental & Molecular Medicine
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from patients with IPF, supported the regulatory mechanism of
miR-708-3p in IPF progression. Furthermore, the therapeutic
potential of targeting IPF-downregulated miRNA by oligonu-
cleotides showed the pharmacological value of miRNA in IPF.
Future studies are required to expand the analysis of miR-708-
3p to a larger cohort of patients with IPF to determine with
statistical confidence whether reduced miR-708-3p expression
correlates with a worsened patient outcome.

CONFLICT OF INTEREST

The authors declare no conflict of interest.

ACKNOWLEDGEMENTS

This study was supported by the National Natural Science Foundation
of China (31470415, 81670064, 31670365, 31300288, 81273957), the
Important Project of Science and Technology of Shandong Province
(2014GSF119014), the International Cooperation Program for Key
Professors by Shandong Provincial Education Department, and the
Taishan Scholar Project to Fang Han.

PUBLISHER’S NOTE

Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

1 Raghu G, Rochwerg B, Zhang Y, Garcia CA, Azuma A, Behr J et al. An
official ATS/ERS/JRS/ALAT clinical practice guideline: treatment of idio-
pathic pulmonary fibrosis. an update of the 2011 clinical practice guide-
line. Am J Respir Crit Care Med 2015; 192: e3-19.

2 Blackwell TS, Tager AM, Borok Z, Bethany BM, David A, Anstrom KJ et al.
Future directions in idiopathic pulmonary fibrosis research. An NHLBI
workshop report. Am J Respir Crit Care Med 2014; 189: 214-222.

3 Du P, Wang L, Sliz P, Gregory RI. A biogenesis step upstream of
microprocessor controls miR-17_92 expression. Cell 2015; 162:
885-899.

4 Mendell JT, Olson EN. MicroRNAs in stress signaling and human disease.
Cell 2012; 148: 1172-1187.

5 Lin S, Gregory RI. MicroRNA biogenesis pathways in cancer. Nat Rev
Cancer 2015; 15: 321-333.

6 Michael MZ, O’ Connor SM, van Holst Pellekaan NG, Young GP, James RJ.
Reduced accumulation of specific microRNAs in colorectal neoplasia. Mol
Cancer Res 2003; 1: 882-891.

7 Papaconstantinou IG, Manta A, Gazouli M, Lyberopoulou A, Lykoudis PM,
Polymeneas G et al. Expression of microRNAs in patients with pancreatic
cancer and its prognostic significance. Pancreas 2013; 42: 67-71.

8 lorio MV, Ferracin M, Liu CG, Veronese A, Spizzo R, Sabbioni S et al.
MicroRNA gene expression deregulation in human breast cancer. Cancer
Res 2005; 65: 7065-7070.

9 Takagi T, lio A, Nakagawa Y, Naoe T, Tanigawa N, Akao Y. Decreased
expression of microRNA-143 and -145 in human gastric cancers. Oncology
2009; 77: 12-21.

10 Kong YW, Ferland-McCollough D, Jackson TJ, Bushell M. microRNAs in
cancer management. Lancet Oncol 2012; 13: e249-e258.

11 Lu J, Getz G, Miska EA, Alvarez-Saavedra E, Lamb J, Peck D et al.
MicroRNA expression profiles classify human cancers. Nature 2005; 435:
834-838.

12 Lujambio A, Lowe S W. The microcosmos of cancer. Nature 2012; 482:
347-355.

13 Vancheri C, Failla M, Crimi N, Raghu G. Idiopathic pulmonary fibrosis: a
disease with similarities and links to cancer biology. Eur Respir J2010; 35:
496-504.

14 Vancheri C. Idiopathic pulmonary fibrosis: an altered fibroblast proliferation
linked to cancer biology. Proc Am Thorac Soc 2012; 9: 153-157.

15 Mao C, Zhang J, Lin S, Jing L, Xiang J, Wang M et al. MiRNA-30a inhibits
AECs-II apoptosis by blocking mitochondrial fission dependent on Drp-1. J
Cell Mol Med 2014; 18(12): 2404-2416.

Experimental & Molecular Medicine

16 Song X, Cao G, Lin S, Wang X, Zhang J, Wang M et al. Analyzing the
relationship between IncRNA and protein-coding gene and the role of
IncRNA as ceRNA in pulmonary fibrosis. J Cell Mol Med 2014; 18:
991-1003.

17 Zhang YL. The Value of Disease. Guangxi Normal University Press: Guilin,
2014.

18 Song X, Liu W, Xie S, Wang M, Cao G, Mao C et al. All-transretinoic acid
ameliorates bleomycin-induced lung fibrosis by downregulating the TGF-b1/
Smad3 signaling pathway in rats. Lab Invest 2013; 93: 1219-1231.

19 Shi Y, Gochuico BR, Yu G, Tang X, Osorio JC, Fernandez IE et al.
Syndecan-2 exerts antifibrotic effects by promoting caveolin-1-mediated
transforming growth factor-p receptor | internalization and inhibiting
transforming growth factor-pl signaling. Am J Respir Crit Care Med
2013; 188: 831-841.

20 Munger JS, Huang X, Kawakatsu H, Griffiths MJ, Dalton SL, Wu J et al. The
integrin alpha v beta 6 binds and activates latent TGF beta 1: a mechanism
for regulating pulmonary inflammation and fibrosis. Cell 1999; 96:
319-328.

21 Vockley CM, D'lppolito AM, McDowell IC, Majoros WH, Safi A, Song L et al.
Direct GR binding sites potentiate clusters of TF binding across the
human genome. Cell 2016; 166: 1269-1281 e19.

22 Pardo A, Gibson K, Cisneros J, Richards TJ, Yang Y, Becerril C et al. Up-
regulation and profibrotic role of osteopontin in human idiopathic pulmon-
ary fibrosis. PLoS Med 2005; 2: e251.

23 Zhang J, Xu P, Wang Y, Wang M, Li H, Lin S et al. Astaxanthin prevents
pulmonary fibrosis by promoting myofibroblast apoptosis dependent on Drp1-
mediated mitochondrial fission. J Cell Mol Med 2015; 19: 2215-2231.

24 Pandit KV, Corcoran D, Yousef H, Yarlagadda M, Tzouvelekis A, Gibson KF
et al. Inhibition and role of /et-7d in idiopathic pulmonary fibrosis. Am J
Respir Crit Care Med 2010; 182: 220-229.

25Xing Z, Lin A, Li C, Liang K, Wang S, Liu Y et al. IncRNA directs
cooperative epigenetic regulation downstream of chemokine signals. Cell
2014; 159: 1110-1125.

26 Fernandez IE, Eickelberg O. New cellular and molecular mechanisms of
lung injury and fibrosis in idiopathic pulmonary fibrosis. Lancet 2012; 380:
680-688.

27 Sumikawa H, Johkoh T, Colby TV, Ichikado K, Suga M, Taniguchi H et al.
Computed tomography findings in pathological usual interstitial pneumo-
nia: relationship to survival. Am J Respir Crit Care Med 2008; 177:
433-439.

28 Selman M, Pardo A, Barrera L, Estrada A, Watson SR, Wilson K et al. Gene
expression profiles distinguish idiopathic pulmonary fibrosis from hyper-
sensitivity pneumonitis. Am J Respir Crit Care Med 2006; 173: 188-198.

29 Kinder BW, Brown KK, McCormack FX, Ix JH, Kervitsky A, Schwarz Ml
et al. Serum surfactant protein-A is a strong predictor of early mortality in
idiopathic pulmonary fibrosis. Chest 2009; 135: 1557-1563.

30 Pantel K, Alix-Panabieres C. Real-time liquid biopsy in cancer patients: fact
or fiction? Cancer Res 2013; 73: 6384-6388.

31 Ling H, Fabbri M, Calin GA. MicroRNAs and other non-coding RNAs as
targets for anticancer drug development. Nat Rev Drug Discov 2013; 12:
847-865.

32 Janssen HL, Reesink HW, Lawitz EJ, Zeuzem S, Rodriguez-Torres M, Patel
K et al. Treatment of HCV infection by targeting microRNA. N Engl J Med
2013 368: 1685-1694.

33 Kim EA, Kim SW, Nam J, Sung EG, Song IH, Kim JY et al. Inhibition of
c-FLIPL expression by miRNA-708 increases the sensitivity of renal cancer
cells to anti-cancer drugs. Oncotarget 2016; 7: 31832-31846.

34 Fiorentino A, O'Brien NL, Sharp SI, Curtis D, Bass NJ, McQuillin A. Genetic
variation in the miR-708 gene and its binding targets in bipolar disorder.
Bipolar Disord 2016; 18: 650-656.

35 Schotte D, Chau JC, Sylvester G, Liu G, Chen C, van der Velden VH et al.
Identification of new microRNA genes and aberrant microRNA profiles in
childhood acute lymphoblastic leukemia. Leukemia 2009; 23: 313-322.

36 Liu C, Igbal J, Teruya-Feldstein J, Shen Y, Dabrowska MJ, Dybkaer K et al.
MicroRNA expression profiling identifies molecular signatures associated
with anaplastic large cell lymphoma. Blood 2013; 122: 2083-2092.

37 Ryu S, McDonnell K, Choi H, Gao D, Hahn M, Joshi N et al. Suppression of
miRNA-708 by polycomb group promotes metastases by calcium-induced
cell migration. Cancer Cell 2013; 23: 63-76.

38 Leidinger P, Hart M, Backes C, Rheinheimer S, Keck B et al. Wullich B
Differential blood-based diagnosis between benign prostatic hyperplasia
and prostate cancer: miRNA as source for biomarkers independent of PSA
level, Gleason score, or TNM status. Tumour Biol 2016; 37:
10177-10185.



39 Murray MJ, Bailey S, Raby KL, Saini HK, de Kock L, Burke GA et al. Serum
levels of mature microRNAs in DICER1-mutated pleuropulmonary blas-
toma. Oncogenesis 2014; 3: e87.

40 Murray MJ, Halsall DJ, Hook CE, Williams DM, Nicholson JC, Coleman N.
Identification of microRNAs from the miR-371-373 and miR-302 clusters
as potential serum biomarkers of malignant germ cell tumors. Am J Clin
Pathol 2011; 135: 119-125.

41 Gillis AJ, Rijlaarsdam MA, Eini R, Dorssers LC, Biermann K, Murray MJ et
al. Targeted serum miRNA (TSmiR) test for diagnosis and follow-up of
(testicular) germ cell cancer patients: a proof of principle. Mo/ Oncol 2013;
7: 1083-1092.

42 Murray MJ, Coleman N. Testicular cancer: a new generation of biomarkers
for malignant germ cell tumours. Nat Rev Urol 2012; 9: 298-300.

43 Belge G, Dieckmann KP, Spiekermann M, Balks T, Bullerdiek J. Serum
levels of microRNAs miR-371-3: a novel class of serum biomarkers for
testicular germ cell tumors? Eur Urol 2012; 61: 1068-10609.

44 Palmer RD, Murray MJ, Saini HK, van Dongen S, Abreu-Goodger C,
Muralidhar B et al. Malignant germ cell tumors display common microRNA
profiles resulting in global changes in expression of messenger RNA targets.
Cancer Res 2010; 70: 2911-2923.

45 Dieckmann KP, Spiekermann M, Balks T, Flor I, Loning T, Bullerdiek J et
al. MicroRNAs miR-371-3 in serum as diagnostic tools in the management
of testicular germ cell tumours. Br J Cancer 2012; 107: 1754-1760.

46 Scheller J, Chalaris A, Garbers C, Rose-John S. ADAMI17:- a molecular
switch to control inflammation and tissue regeneration. Trends Immunol
2011; 32: 380-387.

47 Arribas J, Esselens C. ADAM17 as a therapeutic target in multiple diseases.
Curr Pharm Des 2009; 15: 2319-2335.

48 Kefaloyianni E, Muthu ML, Kaeppler J, Sun X, Sabbisetti V, Chalaris A et al.
ADAM17 substrate release in proximal tubule drives kidney fibrosis. JC/
Insight 2016; 1: pii: e87023.

49 Shen H, Li L, Zhou S, Yu D, Yang S, Chen X et al. The role of ADAM17 in
tumorigenesis and progression of breast cancer. Tumor Biol 2016, e-pub
ahead of print 22 Sep 2016.

50 Bohrer LR, Chaffee TS, Chuntova P, Brady NJ, Witschen PM, Kemp SE et
al. ADAM17 in tumor associated leukocytes regulates inflammatory

miRNA-708-3p acts as potential IPF therapeutic
B Liu et al

mediators and promotes mammary tumor formation. Genes Cancer 2016;
7: 240-253.

51 Leppéaranta O, Pulkkinen V, Koli K, Vahéatalo R, Salmenkivi K, Kinnula VL
et al. Transcription factor GATA-6 is expressed in quiescent myofibroblasts
in idiopathic pulmonary fibrosis. Am J Respir Cell Mol Biol 2010; 42:
626-632.

52 Kimura T, Ishii Y, Yoh K, Morishima Y, lizuka T, Kiwamoto T et al.
Overexpression of the transcription factor GATA-3 enhances the develop-
ment of pulmonary fibrosis. Am J Pathol 2006; 169: 96-104.

53 0'Donoghue RJ, Knight DA, Richards CD, Préle CM, Lau HL, Jarnicki AG et
al. Genetic partitioning of interleukin-6 signalling in mice dissociates Stat3
from Smad3-mediated lung fibrosis. EMBO Mol Med 2012; 4: 939-951.

54 Pedroza M, Le TT, Lewis K, Karmouty-Quintana H, To S, George AT et al.
STAT-3 contributes to pulmonary fibrosis through epithelial injury and
fibroblast-myofibroblast differentiation. FASEB J 2016; 30: 129-140.

55 Balaji S, Wang X, King A, Le LD, Bhattacharya SS, Moles CM et al.
Interleukin-10-mediated regenerative postnatal tissue repair is dependent
on regulation of hyaluronan metabolism via fibroblast-specific STAT3
signaling. FASEB J 2017; 31: 868-881.

This work is licensed under a Creative Commons

Attribution 4.0 International License. The images
or other third party material in this article are included in the
article’s Creative Commons license, unless indicated otherwise
in the credit line; if the material is not included under the
Creative Commons license, users will need to obtain
permission from the license holder to reproduce the
material. To view a copy of this license, visit http:/
creativecommons.org/licenses/by/4.0/

© The Author(s) 2018

11

Experimental & Molecular Medicine


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

	MicroRNA-708-3p as a potential therapeutic target via the ADAM17-GATA/STAT3 axis in idiopathic pulmonary fibrosis
	Introduction
	Materials and methods
	Patients and healthy volunteers
	Animal model and ethics statement
	Cell culture and treatments
	Hematoxylin and eosin and Masson&#x02019;s trichrome staining
	Dual luciferase assays
	Oligonucleotides and transfections
	Transmission electron microscopy observation
	Quantitative real-time PCR (qRT-PCR)
	Western blot analysis
	Analysis of promoter activity
	Statistical analysis

	Results
	Decreased expression and upstream mechanism of miR-708-3p in IPF
	Function of miR-708-3p in IPF
	Identification of the miR-708-3p target gene
	Regulation of miR-708-3p in IPF-associated aberrant signaling pathways

	Figure 1 MiR-708-3p expression decreased during fibrosis in�vivo and in�vitro.
	MiR-708-3p as potential therapeutic target for IPF

	Figure 2 In vitro effect of miR-708-3p in IPF.
	Clinical significance of miR-708-3p in patients with IPF

	Discussion
	Figure 3 Identification of the miR-708-3p-targeted gene.
	Figure 4 Regulation of miR-708-3p in the IPF-associated aberrant signaling pathways.
	Figure 5 Anti-pulmonary fibrosis activity of miR-708-3p in�vivo.
	Table 1 Characteristics and physiologies of IPF patients and normal individuals
	Figure 6 Clinical research of miR-708-3p in patients with IPF.
	A5
	ACKNOWLEDGEMENTS
	A6




