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Abstract. — OBJECTIVE: To identify the func-
tioning mode of miR-378 on non-small cell lung
cancer (NSCLC) and provide therapeutic targets
for NSCLC.

PATIENTS AND METHODS: Expression levels
of miR-378 in human NSCLC tissue samples and
NSCLC-derived cell lines were measured by us-
ing quantitative Real-time polymerase chain re-
action (PCR). Cell proliferation capacity was as-
sessed by methyl thiazolyl tetrazolium (MTT)
assay and colony formation assay. Cell apop-
tosis and cell cycle distribution were identified
by flow cytometry. Downstream target gene was
confirmed by using luciferase and Western blot-
ting assays.

RESULTS: MiR-378 was significantly elevated
in NSCLC tissues when compared with para-car-
cinoma tissues (n=42). Decreased-miR-378
could attenuate cell proliferation capacity, as
well as promoted cell apoptosis and induced cell
cycle arrest at GO/G1 phase. FOXG1 was chosen
as the target gene of miR-378 by bioinformat-
ics analysis and luciferase reporter assay. More-
over, restoration of miR-378 could impair the tu-
mor suppression role of downregulated-miR-378
on NSCLC growth.

CONCLUSIONS: Decreased-miR-378 exerted
tumor-suppressive effects on NSCLC growth via
targeting FOXG1 in vitro, which provided an in-
novative and candidate target for diagnosis and
treatment of NSCLC.
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Introduction

Lung cancer is a malignant tumor with the
highest incidence and mortality rates in China.
Non-small cell lung cancer (NSCLC) accounts
for about 80-85% of lung cancer'. At present, the
main treatment methods include operative treat-
ment, chemotherapy, radiation therapy and tar-
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geted therapy. Although there are so many treat-
ment methods, the 5-year survival rate of lung
cancer is still less than 17%, and most patients
eventually die from distant metastases®. Study-
ing the molecular mechanisms of the occurrence
and development of NSCLC will help find better
therapeutic targets, so as to design better targeted
therapeutic drugs.

Forkhead-box gene 1 (FOXGl1), also known as
brain factor 1, is a member of the forkhead-box
family of transcription factors’. Recent studies
have shown that the up-regulation and inverse
proportion of FOXGI1 are associated with the
expression level of p21WAF1/cyclin-dependent
kinase interacting protein 1 (CIP1) protein in
ovarian cancer. Overexpression of FOXGI is sig-
nificantly related to high-grade ovarian cancer.
Immunohistochemical analyses of ovarian cancer
tissue microarray have further proved that high
FOXG1 expression is significantly correlated
with high-grade ovarian cancer’. FOXGI con-
tains a highly conserved deoxyribonucleic acid
(DNA)-binding domain, which binds to specific
DNA sequences and regulates gene expression. It
has also been reported that overexpressed FOXG1
may help to maintain hepatocellular carcinoma
and the undifferentiated state, which may be a
potential target molecular therapy. In addition,
excessive FOXG1 expression in vivo is correlat-
ed with the overgrowth of neural progenitor cells,
which exerts an influence by binding to DNA
and inhibiting activity. The role of FOXGI is to
maintain differentiation of normal neural stem/
progenitor cell (NSPC), and its inactivation leads
to premature NSPC differentiation in the cerebral
cortex. FOXGI protein plays a role by formation
of transcription inhibition complexes and other
regulatory proteins at least to some extent.

Micro ribonucleic acids (miRNAs) are a class
of non-coding small RNAs, with approximate-
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ly 22 nucleotides in length. MiRNAs, which are
commonly found in animal and plant cells, are
post-transcriptional modification pathways for
gene expression and regulation, and play regula-
tory roles primarily by acting on the 3’ untrans-
lated region (3’UTR) of the target gene mRNAJ.
It is estimated that more than 50% of mamma-
lian genes are regulated by miRNAs. MiRNAs
are involved in almost all-important processes of
cell vital processes, including cell proliferation
and differentiation, cell cycle regulation, death,
apoptosis, migration, and invasion®. The expres-
sion dysregulation of miRNAs is involved in the
occurrence and development of various diseases
including tumors, and abnormal expressions of
miRNAs can be detected in almost all tumors.
These abnormally expressed miRNAs act as on-
cogenes or anti-oncogenes in tumors’.

In this study, miRNAs that might directly tar-
get FOXGI were firstly found via target gene pre-
diction software and then, further verified in NS-
CLC cell lines. MiRNA-378, a new miRNA that
could directly target FOXG1, was found. Next, the
carcinogenic effect of miR-378 in NSCLC and its
mechanism were further investigated, confirming
that miR-378 may serve as a new research target
in the treatment of NSCLC.

Patients and Methods

Patients

A total of 42 cases of lung cancer tissue speci-
mens and adjacent tissue specimens were collect-
ed from NSCLC patients who underwent surgery
in our hospital from May 2016 to May 2017. Sur-
gically removed specimens were immediately put
in liquid nitrogen for storage, and transferred to
a refrigerator at -80°C. The whole collection and
storage processes were performed in accordance
with the principle of no enzyme. All patients did
not receive any radiotherapy and chemothera-
py before surgery, and received postoperative
adjuvant chemotherapy. This investigation was
approved by the Ethics Committee of the 2" Af-
filiated Hospital of Harbin Medical University
(Harbin, China). Signed written informed con-
sents were obtained from all participants before
the study.

Cell Culture

Human lung cancer cell lines (A549, H1299,
H460, H520, H1975 and PC9 cells) and human
normal lung epithelial cell line 16HBE were
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subcultured with Roswell Park Memorial Insti-
tute (RPMI)-1640 medium containing 10% fetal
bovine serum, 100 U/mL penicillin and 100 ug/
mL streptomycin in a cell incubator with 5% CO,
and saturated humidity at 37°C. The medium was
replaced by fresh medium every 2-3 days, and
cells in logarithmic growth phase were selected
for experiments. Cells needing to be transfected
were firstly cultured with RPMI-1640 medium
containing 10% fetal bovine serum (FBS), then
transfected and cultured with RPMI-1640 medi-
um containing 5% FBS.

Plasmid and Transfection

Cells were digested with 0.25% trypsin, count-
ed and seeded into a 96-well plate at 2x10° cells
per well overnight. On the day of transfection,
cell culture medium in 96 wells was replaced by
fresh medium, and 150 pL. RPMI-1640 medium
containing 5% FBS was added into each well.
Then, 50 pL serum-free RPMI-1640 medium
was used to dilute 0.5 pL corresponding miR-
NA-inhibitor or NC-inhibitor, and0.75 pL Hiper-
fect transfection reagent was added. After that,
the 96-well plate was taken out, and the above
mixture was added dropwise with cell suspen-
sion and gently mixed to evenly distribute the
transfection complex in the cell suspension.

RNA Extraction and gRT-PCR

A total of 40 mg lung cancer tissues and adja-
cent tissues were collected and added with TR1zol
to extract RNA. Total RNA was extracted under
aseptic RNase-free conditions in strict accordance
with the instructions of RNA extraction kits (In-
vitrogen, Carlsbad, CA, USA). Then, extracted
RNA was reversely transcribed into complemen-
tary deoxyribonucleic acid (¢cDNA) according to
the instructions of Prime-Script™ reverse tran-
scription kits (TaKaRa, Otsu, Shiga, Japan). Re-
al-time fluorescent quantitative polymerase chain
reaction (PCR) reaction system was prepared ac-
cording to the instructions of SYBR Green. After
the reaction was completed, the cycle threshold
(Ct) of each reaction tube was calculated, and the
relative expression quantity of miR-378 gene was
calculated by 224t method.

MTT Assay

NSCLC cells in logarithmic growth phase
were collected and subjected to conventional
trypsinization to prepare into single cell suspen-
sion. The cell count was adjusted to 2*10*/mL.
100 pL suspension were put into each well of the
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96-well plate and placed in an incubator over-
night. On the next day, the medium was changed
to RPMI-1640 medium containing 5% FBS,
and transfection with NC-inhibitor and miR-
378 inhibitor was carried out. After 0-4 days of
transfection, 20 pL. 5 mg/mL methyl thiazolyl
tetrazolium (MTT) were added to each well, and
placed in the incubator for 4 h. Then, the medi-
um was removed, and 200 pLL dimethylsulfoxide
(DMSO) were added into each well, followed
by mixing on a shaker at room temperature in a
dark place for 10 min to dissolve formazan crys-
tals. Lastly, a microplate reader was used to read
absorbance values at 570 nm, followed by draw-
ing of the growth curve.

Colony Formation Assay

To further investigate cell growth of NSCLC
cells, cells were plated in 6-well plates at a density
of 600 per well, and maintained in normal me-
dium for 10 d. The colonies were fixed in 70%
methanol for 20 min and stained with 0.5% cry-
stal violet for 10 min on ice, washing each well 3
times with phosphate-buffered saline (PBS).

Cell Apoptosis Analysis

Cells were seeded into a 6-well plate, trans-
fected with miR-378 inhibitor or NC-inhibitor
for 72 h, and subjected to apoptosis assay. Cells
were digested with ethylene diamine tetraacetic
acid (EDTA)-free trypsin. The digestion was
stopped using complete medium. Then, cells
were collected, 250 puL. 1xBinding Buffer were
added into each tube to re-suspend cells, and cell
concentration was adjusted to 1x10¢mL. After
that, 100 pL cell suspension was taken, 5 pL An-
nexin V/ fluorescein isothiocyanate (FITC) and
10 uL 20 pg/mL propidium iodide (PI) solution
were added and incubated at room temperature
in darkness for 15 min. Lastly, 300 pL binding
buffer were added into the reaction tube, and the
suspension was loaded onto a flow cytometer for
detection.

Cell Cycle Analysis

Cells were inoculated into the 6-well plate and
transfected with miR-378 inhibitor or NC-inhibi-
tor for 72 h, followed by cell cycle detection. Cells
were collected after conventional trypsinization
and fixed in 70% ethanol at 4°C for 48 h. Cells
were harvested after centrifugation and stained
with 500 pL propidium iodide (PI) staining solu-
tion containing RNase for 1 h. Lastly, a flow cy-
tometer was used for detection.

Luciferase Reporter Assay

Dual luciferase reporter plasmids inserted with
wild-type and mutant FOXGI-3’UTRs were es-
tablished. Human embryonic kidney 293T (HEK
293T) cells were seeded into the 96-well plate and
co-transfected with reporter plasmids and miR-378
inhibitor or NC-inhibitor according to experimental
methods described above. After 48 h of transfection,
luciferase activity was measured by dual luciferase
reporter system (Promega, Madison, W1, USA).

Western Blot Analysis

Cells were collected after 72 h of transfection,
added with cell lysis solution, and centrifuged at
15000 r/min for 30 min to extract total protein.
Then, the concentration of extracted protein was
determined by bicinchoninic acid (BCA) meth-
od and adjusted, followed by conventional sodium
dodecyl sulfate polyacrylamide gel electrophore-
sis (SDS-PAGE). After that, the target protein was
transferred onto a polyvinylidene difluoride (PVDF)
membrane by semi-dry method and blocked with
5% non-fat milk. Lastly, protein was incubated with
primary antibodies [anti-FOXGI (1:500) and -actin
(1:2000)] overnight, then secondary antibodies [goat
anti-rabbit-horseradish peroxidase (HRP) and goat
anti-mouse-HRP (1:5000)] at room temperature for
1 h, followed by X-ray film color development.

Statistical Analysis

The target gene prediction software (microma.
org, TargetScan) was used to screen the miRNAs
that could be directly targeted to FOXGI. The ex-
perimental data were expressed with mean stan-
dard deviation; statistical product and service
solutions (SPSS 20.0, IBM, Armonk, NY, USA)
was used to analyze the data, #-test was used
between the two groups. Comparison between
groups was done using one-way ANOVA test
followed by least significant difference (LSD).
p<0.05 was considered as statistically significant.

Results

MiR-378 Expression was Elevated
in NSCLC Tissues and Cell Lines

To examine the expression level of miR-378 in
human NSCLC, we examined miR-378 expres-
sion level in 42 NSCLC tissue samples and ad-
jacent samples. Results show that the expression
levels of miR-378 were significantly higher in the
tumor tissue than that in adjacent tissues (p<0.05)
(Figure 1A).
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Besides, we investigated the expression of
miR-378 in several NSCLC cell lines and normal
pulmonary epithelial cell line with qRT-RCR.
Compared with 16HBE cell line, all these NS-
CLC cell lines expressed a relatively higher level
of miR-378, in which H1299 expressed the rela-
tively highest (Figure 1B). To identify the mode
of action of miR-378 in NSCLC tumorigenesis in
vitro, H1299 cell line was transfected with miR-
378 inhibitor and C-inhibitor for downregulation
of miR-378 (Figure 1C).

Downregulation of miR-378 Inhibited
NSCLC Cell Growth In Vitro

Compared with NC-inhibitor, the viability of
NSCLC cells was significantly suppressed after it
was transfected with miR-378 inhibitor (p<0.05)
(Figure 2A).

In addition, we used colony formation assay to
further identify the effect of miR-378 on cell pro-
liferation. Compared with NC-inhibitor group, a
significant decrease regarding the number of col-
onies was observed in NSCLC cells transfected
with miR-378 inhibitor (Figure 2B). Collectively,
all these results showed that miR-378 could sup-
press NSCLC proliferation.

Downregulation of miR-378 Suppressed
Cell Apoptosis and Attenuated Cell Cycle
Arrest at GO/G1 Phase

Then, we detected the mechanism of how miR-
378 inhibits the proliferation of NSCLC cells with
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cell apoptosis and cell cycle analysis. As shown in
Figure 2C, compared with NC-inhibitor, miR-378
inhibitor significantly increased the apoptosis rate
of H1299 cells (p<0.01). As shown in Figure 2D,
compared with NC-inhibitor, miR-378 inhibitor
reduced the proportion of GO/G1 phase in H1299
cells, but the proportion of S phase increased. The
difference was statistically significant (p<0.01),
that means miR-378 weakened the GO/G1 phase
arrest of H1299 cells.

These results indicated that miR-378 inhibitor
attenuated the growth of NSCLC cells by induc-
ing cell apoptosis and weakening the GO/G1 phase
block of cell cycle.

FOXGT1 is Directly Targeted by miR-378
Conserved miRNAs that might act on 3’UTR
of FOXGI1 were predicted using network computer
prediction software, microrna.org and TargetScan
(Figure 3A). To verify whether miR-378 reduces
the expression of FOXGI by directly targeting it,
dual luciferase reporter plasmids were established
to express wild-type FOXG1 mRNA 3’UTR and
mutant FOXG1 3’UTRm at miR-378 binding
site, respectively (Figure 3A). In HEK293T cells,
co-transfection of FOXGI1-3’UTR/miR-378 in-
hibitor significantly lowered luciferase activity
in comparison with co-transfection of FOXGI-
3’UTR/NC-inhibitor, while there was no signif-
icant difference in luciferase activity between
co-transfection of FOXG1-3’UTRm/NC-inhibitor
and co-transfection of FOXGI1-3’UTRm/miR-
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Relative expression of miR-378

0.0-
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Figure 1. MiR-378 expression was elevated in NSCLC tissues and cell lines. 4, Analysis of miR-378 expression in paracar-
cinoma tissues (P) and tumor tissues (T); B, Analysis of miR-378 expression in several NSCLC cell lines and normal cell line;
C, Analysis of transfection efficiency in H1299 cells transfected with miR-378 inhibitor and NC-inhibitor. Total RNA was
detected by qRT-PCR and GAPDH was used as an internal control. Data are presented as the mean + SD of three independent

experiments. “p<0.01; "*p<0.001.
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Figure 2. Downregulation of miR-378 inhibited NSCLC cell growth in vitro. A, MTT assay was performed to determine the
viability of transfected H1299 cells; B, Colony formation assay was performed to determine the proliferation of transfected
H1299 cells; C, Flow cytometric analysis was performed to detect the apoptotic rates of transfected H1299 cells; D, Flow cyto-
metric analysis was performed to detect cell cycle progression of transfected MGC803 cells. *'p<0.01.

378 inhibitor (Figure 3B), indicating that FOXG1
mRNA 3’UTR is a direct target of miR-378, and
miR-378 down-regulates the expression of FOXG1
by directly targeting FOXGI mRNA 3’UTR.

Meanwhile, we further detected the expression
level of FOXGI in transfected NSCLC cells. The
results indicated that FOXG1 was upregulated in
H1299 cells transfected with miR-378 inhibitor
on mRNA level and protein level when compared
with NC-inhibitor (Figure 3C-D). All these re-
sults indicated that FOXG1 was directly targeted
by miR-378.

Silencing of FOXG1 Recovered the
Carcinogenesis Role of miR-378

To future identify the relationship of miR-
378 and FOXGI, we firstly measured the ex-
pression of FOXGI in NSCLC tissues. The

results indicated that FOXG1 was significant-
ly downregulated in NSCLC tissues compared
with the para-carcinoma tissues on the mRNA
level (Figure 4A), and the expression of FOXG1
was negatively correlated with the expression
of miR-378 in NSCLC tissues (Figure 4B).

Secondly, we explored whether FOXGL is re-
sponsible for the functional effects of miR-378
in RCCC tumorigenesis. We silenced FOXG1
expression by transfected with siRNA-FOXG1
in miR-378-decreased H1299 cells (Figure 4C).
FOXG] silencing not only increased the prolif-
eration capacity (Figure 4D), but also attenuat-
ed cell apoptosis and promoted cell cycle dis-
tribution at GO/G1 phase (Figure 4E-F). These
results implied that miR-378 promoted NSCLC
tumorigenesis by inhibitingFOXGlexpression
partially.
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Figure 3. FOXGL is directly targeted by miR-378. 4, FOXG1 was selected as the potential downstream of miR-378 via
using bioinformatics analysis; B, Luciferase activities of H1299 cells transfected with the wild-type or the mutated FOXG1
3'UTR together with miR-378 inhibitor or NC-inhibitor; C, Analysis of FOXG1 mRNA expression level of H1299 cells tran-
sfected with miR-378 inhibitor or NC-inhibitor; D, Analysis of FOXG1 protein expression level of H1299 cells transfected with
miR-378inhibitor or NC-inhibitor. Data are presented as the mean + SD of three independent experiments. **p<0.01.

Discussion

In recent years, with the in-depth research
of the specific roles of miRNAs in tumors and
their mechanisms, more and more miRNAs as-
sociated with tumorigenesis have been found.
For example, miR-107 and miR-185 can inhibit
NSCLC by inducing cell cycle arrest®, miR-181a
and miR-181b act as tumor suppressor genes in
the pathological process of glioma’. In colon can-

1016

cer, miR-143/miR-145 family has a down-regu-
lated expression, while miR-21 has an increased
expression, and colon cancer cell invasion is af-
fected by inhibiting the expression of program-
med cell death factor 4 (Pdcd4) gene'. Initially,
miR-378 (formerly miR-422b) has been found to
be expressed in some tumor cell lines and, there-
fore, considered to probably act as an oncogene.
However, more and more studies'"'* have shown
that the expressions of miR-378 in adjacent tis-
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sues are significantly higher than those in tissues
of various tumors including liver cancer, gastric
cancer, colon cancer, oral cancer and throat can-
cer. A report of ovarian cancer by Chan et al'
showed that in high-grade serous ovarian cancer,
patients with low miR-378 expression have short
survival time. The above studies have shown that
miR-378 may negatively regulate the occurrence
and development of these tumors and may serve
as a tumor suppressor gene in these tumors. A
primary study of 24 cases of liver cancer tissues
by Ma et al”’, found that miR-378 had the highest
expression in normal liver tissue and decreased
expression in adjacent tissue of liver cancer [he-
patitis B virus (HBV)-positive], and its expres-
sion in liver cancer tissue is clearly lower than the

ik

Relative expression of FOXG1
~

previous two. Li et al'® found that the expression
of miR-378 is significantly lowered in hepatoma
cell line Hep(G2.2.15 that is stably transfected and
has HBV expression compared with that in he-
patoma cell line HepG2. Pogribny et al fed rats
with hepatocarcinogenic agent tamoxifen to indu-
ce liver cancer. They detected miRNA expression
profiles in rat liver after 12 weeks and 24 weeks,
and found that tamoxifen feeding group has an
evidently lowered miR-378 expression compared
with that in control group, and this change occur-
red in the early stage of tumor formation. These
results suggest that HBV or other hepatocarcino-
genic agents (such as tamoxifen) may down-regu-
late the expression of miR-378, leading to the oc-
currence of liver cancer. However, how miR-378
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Figure 4. Silencing of FOXGI recovered the carcinogenesis role of miR-378. A4, Analysis of FOXG1 expression level in
NSCLC tissues (T) and matched paracarcinoma tissues (N), n=42; B, Correlation between miR-378 and FOXG1 expression in
NSCLC tissues (n=42); C, Analysis of transfection efficiency in H1299 cells transfected with miR-378 negative control (NC),
inhibitor and/or si-FOXGI; D, Reduced FOXGI rescued suppressed cell proliferation by miR-582-5p; E, Reduced FOXG1 at-
tenuated cell apoptosis; F, ReducedFOXGI attenuated cell cycle distribution at GO/G1 phase. Data are presented as the mean

+ SD of three independent experiments. "p<0.05, “p<0.01.
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plays a role in NSCLC has not been explored yet.
This work aimed to study the relationship betwe-
en miRNAs and the occurrence and development
of NSCLC. We demonstrated that miR-378 was
significantly upregulated in NSCLC tissues com-
pared with adjacent tissues, implying that miR-
378 might play a potential role in the development
of NSCLC. Besides, downregulated miR-378
inhibited NSCLC cell proliferation, promoted cell
apoptosis, and induced cell cycle arrest at GO/G1
phase. All these findings suggested that downre-
gulated miR-378 exerted its suppressive effect on
cell proliferation of NSCLC. To further identify
the underlying mechanism of how downregulated
miR-378 suppressed NSCLC cell tumorigenesis,
FOXG1 was predicted and selected as the novel
target gene of miR-378 by bioinformatics analy-
sis. Human FOX gene family is a gene family with
rich functions in the body. Studies?** have shown
that Foxgl expression is known to counteract the
inducing of signal pathways, such as transfor-
ming growth factor beta (TGF-f), which repres-
ses  and bone morphogenetic protein 4 (BMP4)
through the transcription of cyclin-dependent
kinase inhibitors P1SINK4B and p21CIP1. Also,
it leads to overgrowth and apoptosis by reducing
normal cellular programmed death or frequency.
However, the underlying upstream mechanism of
FOXGI in NSCLC has not been well identified
yet. We initially revealed that FOXG1 was di-
rectly targeted by miR-378, and FOXGI expres-
sion was negatively correlated with miR-378 in
NSCLC tissues and cell lines. Moreover, silen-
cing of FOXGI1 could rescue tumor suppression
role by downregulated miR-378 on NSCLC cell
proliferation. The evidence indicated that miR-
378 might be the upstream of FOXGI involved in
NSCLC tumorigenesis.

Conclusions

We demonstrated that downregulated miR-378
had a tumor-suppressive effect on NSCLC proli-
feration via targeting FOXGI in vitro. Our findin-
gs may help elucidating the molecular mechani-
sms underlying NSCLC progression and provide
miR-378 as an innovative and candidate target for
diagnose and treatment of NSCLC.
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