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Abstract
Background: The antisense of the OIP5-AS1 gene is a long non-coding RNA
(lncRNA) that is reported to be upregulated and promotes cell proliferation in
multiple human cancers; however, its function in lung cancer is unknown. We
investigated the regulatory function and underlying mechanisms of OIP5-AS1 in
lung cancer.
Methods: OIP5-AS1 and microRNA (miR)-378a-3p expression were assayed by
quantitative real-time PCR, and proliferation-related protein expression was
measured by Western blotting. Cell viability was detected using methyl thiazolyl
tetrazolium assay. Luciferase reporter assay and RNA immunoprecipitation were
used to detect the direct regulation of miR-378a-3p by OIP5-AS1. Nude mice
were used to test the function of OIP5-AS1 in vivo.
Results: OIP5-AS1 was highly expressed in lung cancer tissues and was corre-
lated with tumor size and tumor growth speed. OIP5-AS1 overexpression
increased lung cancer cell proliferation in vitro. Further investigation revealed
that OIP5-AS1 functions as a competing endogenous RNA of miR-378a-3p.
MiR-378a-3p overexpression inhibited cell proliferation and caused proliferation-
associated proteins CDK4 and CDK6 to decrease in A549 cells. Overexpression
of wild type OIP5-AS1 led to strong CDK4 and CDK6 expression; however, these
two proteins did not change when mutated OIP5-AS1 was upregulated. Finally,
in vivo assay showed that the speed of tumor growth was increased and
decreased when OIP5-AS1 was upregulated and downregulated, respectively.
Conclusion: Our results revealed that OIP5-AS1 acts as a growth-promoting
lncRNA in lung cancer by suppressing miR-378a-3p function. OIP5-AS1 and
miR-378a-3p interaction may provide a potential target for lung cancer
treatment.

Introduction

Lung cancer is the most common cause of cancer-related
death in the world.1 Despite advances in therapy, the over-
all survival rate of patients with advanced lung cancer is
low. Long non-coding RNAs (lncRNAs) are transcripts
that are longer than 200 nucleotides and have no protein
coding function.2 Some lncRNAs are known to be involved
in complex mechanisms underlying the development of
malignancies, including carcinogenesis, progression, and

metastasis, but most of the underlying molecular events are
unknown.3–5

The human lncRNA OIP5-AS1, which is transcribed in
the antisense (AS) of OIP5, suppresses cell proliferation in
multiple malignancies.6 OIP5-AS1 is reported to be associ-
ated with HuR in Hela cells, reducing its availability to tar-
get messenger RNAs of cyclins A and D1 (CCNA2 and
CCND1) and SIRT1. Accordingly, these proteins are more
highly expressed when OIP5-AS1 levels decline and are
suppressed when OIP5-AS1 is overexpressed.7 It is also
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regarded as a competing endogenous RNA (ceRNA) to
interact with microRNAs (miRNAs, miRs) in some cancer
cells.8 However, the function of OIP5-AS1 in lung cancer
has never been examined.
The hsa-miR-378 precursor gives rise to two mature

strands: hsa-miR-378 (hsa-miR-378a-3p) and hsamiR-378*
(hsa-miR-378a-5p).9 According to previous studies, miR-
378 promotes cell survival and tumor growth of glioblas-
toma by targeting two tumor suppressors: Sufu and
Fus-1.10 Its interaction with HO-1 protein in A549 adeno-
carcinoma cells inhibits growth, vascularization, and
metastasis.11 MiR-378 has also been identified as a novel
target of the c-Myc oncoprotein that is able to cooperate
with activated Ras or HER2 in tumor development.12

Many lncRNAs regulate gene expression as ceRNAs to
repress miRNA functions.13 In this study, we found that
OIP5-AS1 acts as a ceRNA to inhibit miR-378a. Upregula-
tion of OIP5-AS1 in lung cancer cells and tissues was asso-
ciated with increased lung cancer cell viability and
promotion of colony formation. This study supplements
our understanding of lung cancer pathogenesis.

Methods

Tissue collection

Eighty pairs of lung cancer tissues and adjacent nonmalig-
nant lung tissue samples were obtained from patients at
the Affiliated Hospital of Qingdao University between
December 2015 and March 2016. Follow-up was conducted
each month. Specimens were immediately snap-frozen in
liquid nitrogen and stored at −80�C until processing. The
basic clinical data of the patients are listed in Table 1.
None of the patients underwent preoperative radiotherapy
or chemotherapy, and none had distant metastases. Com-
plete data of clinicopathologic features and follow-up were
available. Patients lost to follow-up, who had received pre-
operative radiotherapy or chemotherapy, and those with
recurrence and distant metastasis were excluded. Tumor
growth speed was analyzed according to Ki67 expression,
which was obtained from pathological reports.
The Research Ethics Committee of the Affiliated Hospi-

tal of Qingdao University approved the study. Informed
consent was obtained from all patients.

Cell culture

A549 and H520 human lung cancer cell lines were
obtained from the Chinese Institute of Biochemistry and
Cell Biology (Shanghai, China). Cells were cultured in
RPMI 1640 medium (Invitrogen, Carlsbad, CA, USA) con-
taining 10% fetal bovine serum, 100 U/mL penicillin, and

100 U/mL streptomycin in culture flasks at 37�C with
5% CO2.

Quantitative real-time PCR

Total RNA was extracted from cells and tissue samples
using TRIzol reagent (Invitrogen) following the manufac-
turer’s instructions. Complementary (c)DNA synthesis was
performed using a Prime Script Reverse Transcriptase
Reagent Kit (TaKaRa, Dalian, China) according to the
manufacturer’s instructions; RNA was reverse transcribed
to cDNA with a Reverse Transcription Kit (TaKaRa); and
OIP5-AS1, miR-378a-3p, CDK4, and CDK6 expression
were assayed by quantitative real-time (qRT) PCR using
SYBR Premix Ex Taq (TaKaRa). The PCR primer
sequences used were: OIP5-AS1: 50-TGCGAAGATGGC
GGAGTAAG -30 and 50-TAGTTCCTCTCCTCTGGCCG-
30; CDK4: forward, 50- GGTGACAAGTGGTGGAACAG-
30; reverse, 50-GCCCAATCAGGTCAAAGATT-30; CDK6:
forward, 50-CGAATGCGTGGCGGAGATC-30; reverse, 50-
CCACTGAGGTTAGAGCCATC-30. miR-378a-3p: 50-AC
UGGACUUGGAGUCAGAAGG-30. LncRNA and miRNA
expression were normalized against human glyceraldehyde
3-phosphate dehydrogenase (GAPDH) and U6 small
nuclear RNA (snRNA). Fold-changes in expression were

Table 1 Clinical data of lung cancer patients (n = 80)

Features Total

Age (year)
Mean 61.12 � 8.25
> 50 36
≤ 50 44

Gender
Male 45
Female 35

Clinical Stage
I 43
II 29
III 8

Tumor size (mm)
Mean 22.5 � 12.51
> 20 31
≤ 20 49

Lymph node metastasis
Yes 25
No 55

Lung adenocarcinoma 62
Squamous cell lung cancer 18

Data are presented as mean � standard deviation. Clinical stages and
tumor extent were evaluated according to American Joint Committee
on Cancer Tumor Node Metastasis classification. Tumor size and lymph
node metastasis were determined according to pathological reports.
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calculated using the relative quantification (2 − ΔΔCt)
method. Assays were repeated three times for each sample.

Lentivirus infection and establishment of
stable cell lines

Lentivirus expressing OIP5-AS1, short hairpin (sh)RNA tar-
geting OIP5-AS1, and their corresponding controls were
purchased from GenePharma (Shanghai, China). The over-
expression vector and its control were named LV-OIP5-AS1
and LV-NC; the silencing vector and its control were named
LV-shOIP5-AS1 and LV-shNC. The sequences were:
shOIP5-AS1, 50-CCGGGCTCCTAGGATTCCAGTTATCC
TCGAGGCAGAAGGCTGAGTTTCATTTTTTTTG-30;
shNC, 50-CACCGTTCTCCGAACGTGTCACGTCAAGAG
ATTACGTG ACACGTTCGGAGAATTTTTTG-30. MiRNA
inhibitor and mimics were purchased from GenePharma.
MiR-378-3p inhibitor: 50-ACUGGACUUGGAGUCAGAA
GG-30; miR-378a-3p mimics: 50-ACUGGACUUGGAGUC
AGAAGG-30. A549 cells were transduced with the recombi-
nant lentivirus and stable cell lines were established. MiR-
378a-3p mimics were also obtained from GenePharma.
Transfections were repeated three times.

Western blotting

Total cell or tissue proteins were extracted using a Total
Protein Extraction Kit (Jiancheng Bioengineering Institute,
Nanjing, China). Proteins were electrophoresed in 12%
polyacrylamide gels. Nonspecific binding was blocked with
5% skim milk for two hours at 37�C. Anti-CDK4 poly-
clonal antibody (1:1000, ab68266), anti-CDK6 (1:1000,
ab131469), and anti-Ki67 (1:1000, ab92742; Abcam, Cam-
bridge, UK) were then used as the first antibodies; β-actin
antibody (1:1500 diluted, ab8227; Abcam) was used as a
control. Assays were repeated three times.

Methyl thiazolyl tetrazolium assay

Cell proliferation was measured by 3-(4, 5-dimethylthia-
zole-2-yl)-2, 5-diphenyltetrazolium bromide (MTT) assay.
LV-infected cells were seeded into 96-well plates at a den-
sity of 2000 cells/well and cultured for 24, 48, 72, or
96 hours. The spectrophotometric absorbance of each well
was measured at 490 nm at different time points using a
microplate reader absorbance test plate (Molecular Devices,
Sunnyvale, CA, USA). Assays were repeated three times.
Cell survival was calculated with optical density
(OD) value, and the NC group in 0 hour was regarded
as 100%.

Luciferase reporter assay

OIP5-AS1 fragments containing the putative binding
sequence of miR-378a-3p and its mutant sequence were
cloned into a pGL3-control vector (Promega, Madison,
WI, USA). The vectors were sequenced and named
OIP5-AS1-WT and OIP5-AS1-Mut. A549 cells were co-
transfected with the appropriate reporter plasmid, miRNA,
or pRL–TK Renilla plasmid (Promega) using Lipofecta-
mine 2000 (Invitrogen). Luciferase activity was measured
48 hours post-transfection using a dual-luciferase reporter
assay system (Promega) following the manufacturer’s
instructions. Assays were repeated three times.

RNA immunoprecipitation (RIP)

RNA immunoprecipitation (RIP) was performed using an
EZ-Magna RIP RNA-binding protein immunoprecipitation
kit (Millipore, Billerica, MA, USA) following the manufac-
turer’s instructions. A549 and H520 cell lysates containing
OIP5-AS1 and miRNAs were prepared and incubated with
RIP buffer containing magnetic beads conjugated to
human anti-argonaute2 (Ago2) antibody (Millipore). Nor-
mal mouse immunoglobulin G (IgG; Millipore) was used
as a negative control. OIP5-AS1 and miRNAs present in
the precipitates were assayed by qRT-PCR. Assays were
repeated three times.

Tumor growth in nude mice

Twelve four-week-old female nude mice were used in our
study. Nude mice were purchased from Vital River Labora-
tories (VRL, Beijing, China) and bred at the Medical Col-
lege of Qingdao University animal center. Cells were
washed with phosphate buffered saline and harvested with
1640 culture medium, and then re-suspended in 1640 cul-
ture medium. Equal amounts of matrix gum were mixed in
single cell suspension. Subsequently, 2 × 106 cells (0.1 mL)
were injected subcutaneously into the two lower limbs of
the mice. Six mice were injected with LV-OIP5-AS1 -A549
cells in the right and LV-NC-A549 cells in the left; the
other six mice were injected with LV-shOIP5-AS1-A549
cells in the right and LV-shNC-A549 cells in the left. The
mice were sacrificed in the fourth week. The Animal Ethics
Committee of the hospital research department approved
all animal experiments.

Statistical analysis

Data were reported as mean � standard deviation
(SD) and analyzed using SPSS version 17.0 (SPSS Inc.,
Chicago, IL, USA). Between-group differences were tested
for significance using Student’s t-test and one-way analysis
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of variance. Pearson correlation coefficients were calculated
to determine the significance of the relationship between
OIP5-AS1 and miR-378a-3p expression. P values of < 0.05
were considered significant. *P < 0.05; **P < 0.01;
***P < 0.005. BiBiServ2 (https://bibiserv.cebitec) was used
to predict potential lncRNA–miRNA interactions.

Results

Elevated OIP5-AS1 in human lung cancer
tissue is correlated with tumor size and
poor prognosis

The lncRNA OIP5-AS1 expression level was first examined
in lung cancer tissues and matched adjacent normal tissue
samples. As shown in Figure 1a, OIP5-AS1 expression was
significantly higher in lung cancer tissues than in controls
(P = 0.010). All patients were sequenced according to
OIP5-AS1 level, and then further divided into
OIP5-AS1high and OIP5-AS1low groups (OIP5-AS1high

n = 40; OIP5-AS1low n = 40). We then analyzed the corre-
lation between OIP5-AS1 and tumor size (Fig 1b). Tumor
sizes in the OIP5-AS1high group were significantly larger
than in the OIP5-AS1low (P = 0.012). The association
between OIP5-AS1 and Ki67 expression in tumor tissues
was also analyzed according to patients’ pathological data
(Fig 1c). The OIP5-AS1high group showed a higher Ki67
expression rate than the OIP5-AS1low (P = 0.045). Finally,
we analyzed the correlation between OIP5-AS1 expression
and lymph node metastasis; however, there was no signifi-
cant difference in OIP5-AS1 expression between lymph
node positive and negative patients (Fig 1d).
Kaplan–Meier plotter survival analysis was performed to

study the relationship between OIP5-AS1 and prognosis.
We compared the survival curves in the OIP5-AS1high and
OIP5-AS1low groups. Patients in the OIP5-AS1low group
achieved higher total survival than in the OIP5-AS1high

(hazard ratio [HR] 0.62, 95% confidence interval
[CI] 0.51–0.69; P = 0.021) (Fig 1e). In order to exclude
confounding factors, we divided the 80 patients into lymph
node metastasis positive (n = 55) and negative (n = 25)
groups. Patients were again then divided in OIP5-AS1high

and OIP5-AS1low groups and the survival curves were ana-
lyzed. Both lymph node positive and negative patients
showed higher total survival in the OIP5-AS1low than in
the OIP5-AS1high group (positive: HR 0.72, 95% CI
0.612–0.920, P = 0.008; negative: HR 0.66, 95% CI
0.581–0.734, P = 0.012) (Fig 1f ). We analyzed lung adeno-
carcinoma (LUAD) and lung squamous cell carcinoma
(LUSC) patient survival using the same method and the
results showed that both LUAD and LUSC patients in
the OIP5-AS1low group achieved higher total survival than
the OIP5-AS1high (LUAD: HR 0.58, 95% CI 0.422–0.720,

P = 0.032; LUSC: HR 0.61, 95% CI 0.525–0.716,
P = 0.013) (Fig 1g).
Collectively, the results indicated that upregulated

OIP5-AS1 in lung cancer promoted tumor growth. High
OIP5-AS1 expression indicated poor prognosis in lung
cancer.

OIP5-AS1 promoted cell proliferation in
lung cancer cells

We performed in vitro gain and loss of function analyses
to determine whether OIP5-AS1 regulates lung cancer cell
proliferation. Transfection of overexpression and silencing
of OIP5-AS1 were performed in A549 and H520 lung can-
cer cells (Fig 2a,b). MTT assay showed that OIP5-AS1
overexpression significantly promoted lung cancer cell via-
bility compared to the negative control (Fig 2c). Cell viabil-
ity was significantly inhibited when OIP5-AS1 was silenced
with LV-shOIP5-AS1 (Fig 2d). In order to further test the
cell promoting function of OIP5-AS1, we detected Ki67
protein expression. The results showed that OIP5-AS1 pro-
moted Ki67 protein expression in lung cancer cells (Fig 2e,f ).
When OIP5-AS1 was overexpressed, cell proliferation was
activated. These results confirmed that OIP5-AS1 functions as
a proliferation-promoter in lung cancer cells.

OIP5-AS1 acts as a molecular sponge of
miR-378a-3p

To determine whether OIP5-AS1 acts as a ceRNA to bind
some miRNAs, we used BiBiServ2 (https://bibiserv.cebitec.
uni-bielefeld.de/rnahybrid) to predict potential lncRNA–
miRNA interactions. Among several miRNAs, we found
that miR-378a-3p had the highest possibility of binding
OIP5-AS1 (Fig 3a). MiR-378a-3p expression was detected
in lung cancer tissues and was downregulated in tumors
compared to adjacent normal tissues (P = 0.029) (Fig 3b).
Moreover, an RIP assay was performed in A549 and H520
cells to test whether OIP5-AS1 is associated with an miR-
378a-3p-component RNA-induced silencing complex
(RISC).14 We examined miR-378a-3p and OIP5-AS1 on
magnetic beads conjugated to anti-Ago2 antibody and
found that miR-378a-3p was highly enriched (Fig 3c). This
result suggested that OIP5-AS1 and miR-378a-3p can both
combine with AGO2 and format an RISC and that miR-
378a-3p binds to OIP5-AS1 in lung cancer cells. In addi-
tion, a luciferase assay was performed in A549 and H520
cells to test the binding site of miR-378a-3p in OIP5-AS1.
The activity of luciferase reporters containing the theoreti-
cal binding site of OIP5-AS1 in miR-378a-3p was signifi-
cantly decreased in OIP5-AS1-WT constructs, while there
was no affect in OIP5-AS1-Mut constructs (Fig 3d,e).
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Collectively, these results suggested that OIP5-AS1 acts as
a molecular sponge of miR-378a-3p.

MiR-378a-3p inhibits lung cancer cell
proliferation

According to previous studies, miR-378 functions as an
inhibitor in lung adenocarcinoma.15 To study the function
of miR-378a-3p in lung cancer, miR-378a-3p mimics and
inhibitors were transfected in A549 and H520 cells (Fig 4a).
MTT assay and Ki67 expression showed that miR-378a-3p
overexpression significantly inhibited the proliferation of
lung cancer cells compared to untreated cells. The prolifer-
ation of lung cancer cells was significantly upregulated
when miR-378a-3p was silenced (Fig 4b,c). CDK4 and
CDK6 have been reported as important proliferation-
associated proteins in multiple human cancers.16 To con-
firm whether miR-378a-3p inhibited lung cancer cell
proliferation, we examined changes in CDK4 and CDK6
expression in transfected A549 and H520 cells. CDK4 and
CDK6 protein expression was significantly enhanced after
being transfected with miR-378a-3p inhibitor. When A549
and H520 cells were transfected with miR-378a-3p mimics,

CDK4 and CDK6 proteins were significantly reduced com-
pared to cells that were not treated (Fig 4d). These results
showed that miR-378a-3p functions as an inhibitor of lung
cancer proliferation and the underlying mechanisms are
related to CDK4 and CDK6 proteins. Further experiments
are required to confirm the relationship between
OIP5-AS1, miR-378a-3p, and lung cancer proliferation.

OIP5-AS1 reverses the inhibiting effects of
miR-378a-3p in lung cancer cells

To investigate whether the proliferation-inhibiting effects
of miR-378a-3p were suppressed by OIP5-AS1, we co-
transfected A549 and H520 cells with miR-378a-3p mimics
and OIP5-AS1-WT expression vector. MTT assays showed
higher cell proliferation activity in the control group trans-
fected with miR-378a-3p mimics only. When we co-
transfected A549 cells with miR-378a-3p mimics and an
OIP5-AS1-Mut expression vector, the proliferation-
inhibiting function of miR-378a-3p barely differed from
the control (Fig 5a). Ki67, CDK4, and CDK6 expression
were also increased after treatment with the
OIP5-AS1-WT vector, while OIP5-AS1-Mut exerted no
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Figure 3 OIP5-AS1 acted as a competing endogenous RNA (ceRNA) of miR-378a-3p. (a) Analysis of miR-378a-3p-binding sequence in OIP5-AS1. (b)
MiR-378a-3p expression was examined in lung cancer tissues by quantitative real-time PCR. (c) Associations between OIP5-AS1, miR-378a-3p, and
AGO2 were confirmed by RNA immunoprecipitation with an AGO2 antibody. OIP5-AS1 and miR-378a-3p were both highly expressed in the precipi-
tate of AGO2 in A549 and H520 cells, indicating that OIP5-AS1 and miR-378a-3p can both combine with AGO2 and form an RNA-induced silencing
complex. (d) Putative miR-378a-3p-binding sequence of OIP5-AS1 and design of OIP5-AS1-Mut vector. (e) Relative luciferase activities were mea-
sured in A549 and H520 cells. Cells were transfected with OIP5-AS1-WT or OIP5-AS1-Mut vectors.
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Figure 4 MiR-378a-3p inhibits lung cancer cell proliferation. (a) Transfection efficiency of miR-378a-3p mimics and inhibitor in A549 and H520 cells.
(b) Cell proliferation activity of A549 and H520 cells tested with methyl thiazolyl tetrazolium assay. Differences were significant at 72 hours. (c) Ki67
protein expression was blocked by miR-378a-3p in both A549 and H520 cells. (d) CDK4 and CDK6 protein expression in A549 and H520 cell lines
transfected with miR-378a-3p mimics or inhibitor. Non-treated refers to cells that were not transfected.
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Figure 5 OIP5-AS1 promoted A549 and H520 cell proliferation by competitively binding miR-378a-3p. Binding-site-mutated OIP5-AS1 did not exert
the proliferation promoting function. (a) Methyl thiazolyl tetrazolium assay was conducted in A549 and H520 cells after transfection with
OIP5-AS1-WT or OIP5-AS1-Mut vectors and miR-378a-3p mimics. (b) Ki67, CDK4, and CDK6 protein expression in lung cancer cells after transfection
with OIP5-AS1-WT or OIP5-AS1-Mut vectors and microRNA mimics. Non-treated A549 and H520 cells were used as the control.
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function in lung cancer cells (Fig 5b). These observations
suggest that OIP5-AS1 promoted tumor cell growth in part
by competitively binding miR-378a-3p.

OIP5-AS1 inhibits tumor growth in vivo

The function of OIP5-AS1 in vivo was investigated with
nude mice. Six mice were used to perform
OIP5-AS1-overexpression assay. We injected LV-
OIP5-AS1-A549 cells into the right limbs of the mice and
LV-NC-A549 cells into the left. Four weeks later, we found
that the LV-OIP5-AS1 side tumors were significantly larger
than in the LV-NC side (Fig 6a). In addition, another six
mice were used to conduct OIP5-AS1-knockdown assay.
The right limbs of the mice were injected with LV-
shOIP5-AS1-A549 cells, and left with LV-shNC-A549 cells.
The results showed that tumors in the LV-shOIP5-AS1
side were significantly smaller than in the LV-shNC side
(Fig 6b). After excision, all of the tumors were weighed.
The average weight of LV-OIP5-AS1 tumors was signifi-
cantly higher than LV-NC tumors (P = 0.005), and the
average weight of LV-shOIP5-AS1 tumors was lower than
LV-shNC (P = 0.023) (Fig 6c). These results demonstrated

that lncRNA OIP5-AS1 suppresses lung tumor growth
in vivo.

Discussion

Study of miRNAs has dominated the field of noncoding
RNA regulation in the past decade.17–19 Recently, more and
more studies have indicated that lncRNAs provide a
growth advantage to malignant cells, resulting in progres-
sive and uncontrolled tumor growth.20,21 This provides us
with new directions for cancer treatment.
OIP5-AS1 activity in lung cancer has not previously

been described. In this study, we found that OIP5-AS1 is
upregulated in lung cancer cells and tissues, and overex-
pression significantly promotes cell proliferation and col-
ony formation, whereas OIP5-AS1 knockdown negatively
regulates cell growth. The findings show that OIP5-AS1
plays an important role in the modulation of lung cancer
progression. Whether OIP5-AS1 can be a therapeutic tar-
get in lung cancer warrants further research.
Increasing studies have revealed the existence of a wide-

spread interaction network involving ceRNAs, where
ncRNAs could regulate modulatory RNA by binding and
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Figure 6 OIP5-AS1 promotes tumor growth in vivo. Nude mice were inoculated with (a) LV-OIP5-AS1-A549 cells in the right lower limb and LV-NC-
A549 cells in the left and (b) LV-shOIP5-AS1-A549 cells in the right and LV-shNC-A549 cells in the left lower limb. Tumors were resected in the
fourth week. (c) Comparison of tumor weight among the different groups.
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titrating them off their binding sites on protein coding
messengers. We hypothesized that lncRNA OIP5-AS1
functioned as a ceRNA to promote lung cancer progression
and investigated potential interactions with miRNAs. We
used bioinformatics analysis and luciferase assays to verify
the direct binding of predicted miRNA response elements
on the OIP5-AS1 transcript. The results show that miR-
378a-3p could form complementary base pairing with
OIP5-AS1 and reduce pGL3-OIP5-AS1 reporter gene
expression. In RIP assay, OIP5-AS1 expression immuno-
precipitated with Ago2 was higher than when immunopre-
cipitated with immunoglobulin G, indicating the reciprocal
repression of OIP5-AS1 and miR-378a-3p caused by RISC.
We also show that miR-378a-3p overexpression arrested
lung cancer cell growth and OIP5-AS1 can inhibit its func-
tion. These findings demonstrate that OIP5-AS1 interacts
with miR-378a-3p in lung cancer pathogenesis.
MiR-378a-3p is known to inhibit tumor proliferation in

multiple cancers.22,23 Our study showed that miR-378a-3p
is downregulated in human lung cancer tissues, which
indicates that the expression and functions of this molecule
are suppressed by some mechanisms in lung cancer. In
addition, we found that miR-378a-3p negatively regulates
the expression of proliferation-associated proteins, CDK4
and CDK6.16 These two proteins are significantly increased
again by upregulating OIP5-AS1. These results indicate an
OIP5-AS1/miR-378a-3p/CDK4/CDK6 axis that regulates
cell proliferation in lung cancer.
In summary, we showed that the lncRNA OIP5-AS1

promotes lung cancer cell proliferation by competitively
binding miR-378a-3p. We describe a novel OIP5-AS1/
miR-378a-3p/CDK4/CDK6 axis with a regulatory function
in lung cancer. Further studies should focus on the mecha-
nisms between CDK4/CDK6 and OIP5-AS1/miR-378a-3p.
Our findings show that OIP5-AS1 may be a target for lung
cancer therapy, with crosstalk between miR-378a-3p and
OIP5-AS1 shedding new light on the potential treatment
of lung cancer.
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