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Long non-coding RNA Opa interacting protein 5-antisense RNA 1 binds to
micorRNA-34a to upregulate oncogenic PD-L1 in non-small cell lung cancer
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Hubei Province, China

ABSTRACT

Long non-coding RNA (IncRNA) OPA-interacting protein 5 antisense transcript 1 (OIP5-AS1) plays
an oncogenic role in several types of cancer, but whether it is involved in non-small-cell lung
cancer (NSCLC) is unclear. Our preliminary sequencing analysis revealed the upregulation of OIP5-
AS1 in NSCLC. In this study, gene expression levels were analyzed by RT-gPCR. RNA-RNA pull-
down assay was applied to detect direct interactions between RNAs. Overexpression assays were
performed to explore the relationship between miR-34a and OIP5-AS1. CCK-8 assay and colony
formation assay were applied to evaluate cell proliferation. In NSCLC cells (H23), overexpression of
OIP5-AS1 increased the expression levels of programmed death-ligand 1 (PD-L1). In addition,
inhibition of OIP5-AS1 and overexpression of miR-34a decreased the expression levels of PD-L1,
and miR-34a significantly blocked the role of overexpression of OIP5-AS1. Overexpression of OIP5-
AS1 and PD-L1 promoted H23 and H22 cells proliferation, while silencing of miR-34a and OIP5-AS1
played opposite roles and eliminated the effects of overexpression of OIP5-AS1 on cell prolifera-
tion. Therefore, OIP5-AS1 was upregulated to enhance the expression of oncogenic PD-L1 by
sponging miR-34a in NSCLC, leading to promoted NSCLC cell proliferation. Our study also
demonstrated that OIP5-AS1 was upregulated while miR-34a was downregulated in NSCLC.
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Introduction Programmed death-ligand 1 (PD-L1) s

Lung cancer is responsible for about 11.4% of
all cancer cases and causes 18.0% of all cancer-
related mortalities [1,2]. In some Asian coun-
tries, such as Korea, the number of deaths
caused by lung cancer even exceeds the sum
of the deaths caused by stomach, colorectal,
and pancreatic cancer [3]. Smoking has been
recognized as the most dangerous risk factor
for lung cancer [4], while never-smokers can
still suffer from all types of lung cancer [5].
Lung cancer can be classified into different
clinical types, including non-small cell lung
cancer (NSCLC), undifferentiated large cell
lung cancer, squamous cell lung cancer and
lung adenocarcinoma. Among these, NSCLC
has the highest incidence rate and is the most
lethal one. Other factors, such as genetic fac-
tors, should also be investigated when studying
the pathogenesis of lung cancer [6].

a transmembrane protein with critical roles in reg-
ulating the immune system [7]. In cancer biology,
PD-L1 can be regulated by oncogenic miRNAs, such
as miR-940 [8], and tumor suppressive miRNAs,
such as miR-34a [9], to impact cancer cell behaviors
including proliferation and migration. Studies have
demonstrated the prognostic value of PD-L1 in lung
cancer [10-12]. In effect, PD-L1 has been considered
as a new target of cancer immunotherapy [13].
Long non-coding RNAs (IncRNAs) are
involved in diverse biological processes [14].
Different from protein-coding genes, IncRNAs
are mainly expressed in some types of cells and
play specific roles in cellular activities, especially
the regulation of cancer cell behaviors [15,16].
Recently studies have shown that OPA-
interacting protein 5 antisense transcript 1
(OIP5-AS1) is involved in many cancers [17].
For instance, OIP5-AS1 positively regulates
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OIP5 to promote bladder cancer [18]. Moreover,
overexpression of OIP5-AS1 contributes to poor
survival of bladder cancer [19]. In colorectal can-
cer, overexpression of OIP5-AS1 mediates the
development of radioresistance of cancer cells
through the interaction with miR-369-3p by tar-
geting DYRK1A and leads to the failure of treat-
ment [20]. However, there are few investigations
on the role of OIP5-ASI in lung cancer. One
study reported that overexpression of OIP5-AS1
promoted lung cancer cell proliferation by sup-
pressing miR-378a-3p [21]. As an important
player in cancer progression, OIP5-AS1 has not
been fully studied in lung cancer. Therefore, more
studies on the role of OIP5-AS1 are urgently
needed. We predicted that OIP5-AS1 could bind
to miR-34a, which plays a tumor-suppressive role
in lung cancer [22]. OIP5-AS1 and miR-34a may
interact with each other to participate in NSCLC.
We then explore the crosstalk among OIP5-ASI,
PD-L1 and miR-34a in NSCLC.

Materials and methods
Patients and specimens

A total of 68 NSCLC patients (adenocarcinoma,
sex: 48 males and 20 females; age range: 37 to
65 years old; mean age: 50.7 £ 5.1 years old) were
included in this study. These patients were
admitted at the Union Hospital, Tongji Medical
College, Huazhong University of Science and
Technology from August 2016 to January 2019.
All patients were educated with the experimental
principle of this study and signed the informed
consent. According to AJCC staging criteria, 16,
20 and 32 patients were classified into clinical
stage II-IV, respectively. Patients received the
surgical resection of the primary tumors, which
were dissected by experienced histopathologists
to separate non-tumor lung tissues from NSCLC
tissues. Tissue samples were kept in liquid nitro-
gen before use. This study was approved by the
Ethics Committee of Union Hospital, Tongji
Medical College, Huazhong University of
Science and Technology (TJ-2017-0203). The
clinical features of the patients are listed in
Table 1.
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Table 1. Correlations between OIP5-AS1 and clinical character-
istics of NSCLC patients.

OIP-5-AS1 expression

. Total High Low
Characteristics number (n = 34) (n = 34) P value
Gender 0.326
Male 33 17 16
Female 35 17 18
Age 0.332
<60 31 15 16
260 37 19 18
Smoking 0.113
history

Yes 37 17 20

No 31 17 14

TNM staging 0.03

Il 16 4 12

1l 20 6 14

\% 32 24 8

Tumor size 0.02
(cm)

<3 18 14 4

>3 50 20 30

NSCLC cells and transient transfections

Human NSCLC (adenocarcinoma) cell lines H522
and H23 were obtained from American Type
Culture Collection (ATCC). PcDNA3.1-OIP5-AS1
and empty pcDNA3.1 vector, pcDNA3.1-PD-L1
expression vector (Invitrogen, Shanghai, China),
miR-34a mimic (5-UGGCAGUGUCUUAGCUGG
UUGU-3), negative control (NC) miRNA (5-UGGU
GUACCACGUGUAGCUAGU-3), siRNA NC (5-
GGUAGUCAUUUGCAGUGUGGACA-3) and
OIP5-AS1 siRNA (5-UGUUAGCUGGAUGACU
GGAAUCC-3’) were used to transfect cells using lipo-
fectamine 2000.

Dual luciferase reporter assay

Dual-luciferase reporter assay was performed as pre-
viously described [23]. OIP5-AS1 cDNA (full length)
was inserted into pmirGLO. OIP5-AS1 vector was
co-transfected with miR-34a mimic or NC-miRNA
into 10° cells using aforementioned methods. Dual-
luciferase reporter gene assay system was used.

RNA Pull-down assay

MiR-34a, mutant form of miR-34a (miR-34a
(mut)) and control RNA were labeled with biotin
and transfected into cells. After cell lysis at 48 h
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later, magnetic beads were used to isolate complex.
The expression of OIP5-AS1 was detected by RT-
qPCR.

RNA extraction

H23 cells were collected and counted. NSCLC
tissues non-tumor tissues, as well as cells were
used for RNA extraction with Ribozol. RNA sam-
ples were precipitated and then washed using 80%
ethanol to harvest miRNAs. RNA quality was eval-
uated by Urea-PAGE gel electrophoresis.

RT-qPCR

Trizol reagent was used to extracted total RNAs
from NSCLC cell lines or tissues. Synthesis of
cDNA was performed through reverse transcrip-
tion using AMV Reverse Transcriptase kit
(Sangon, Shanghai, China) with total RNAs as
template. qPCRs were performed to detect the
expression of PD-L1, OIP5-AS1 and miR-34a
with 18S rRNA and U6 as internal controls.
Sequences of primers were: 5'-TGCGAAGATGG
CGGAGTAAG-3" (forward) and 5-TAGTTCC
TCTCCTCTGGCCG-3" (reverse) for OIP5-ASI;
5-TATGGTGGTGCCGACTACA-3' (forward)
and 5-TGGCTCCCAGAATTACCAA-3' (reverse)
for PD-L1; 5-CTCAGACACCATGGGGAAGGT
GA-3’ (forward) and 5-ATGATCTTGAGGCTGT
TGTCATA-3" (reverse) for GAPDH; 5-TGGCA
GTGTCTTAGCTGGTTGT-3" (forward) and 5'-
GTGTCGTGGAGTCGGCAATTGC-3" (reverse)
for miR-34a; 5-GCTTCGGCAGCACATATACT
AAAAT-3' (forward) and 5-CGCTTCACGAATT
TGCGTGTCAT-3" (reverse) for U6. Relative
expression levels were calculated via the 27444
method [24].

Cell proliferation analysis

CCK-8 kit was used for cell proliferation analysis.
H522 and H23 cells were collected and counted.
Then 4 x 10* cells were dissolved in 1 ml RPMI-
1640 medium (10% FBS) to make suspension of
single cells. Next, cell suspension (100 ul) was
added into each well of 96-well plate, which was
kept in a 5% CO, incubator at 37°C with 95%
humidity to culture the cells. To monitor cell

proliferation, CCK-8 solution (10 ul) was added
into each well. OD values at 450 nm were deter-
mined. To form colony, cells were transferred to
10 cm dish. Colonies were counted 2 weeks later.

Western blot

H23 cells were collected and counted. Then
5 x 10° cells were dissolved in 1 ml RIPA for
protein isolation. BCA kit (Sangon, Shanghai,
China) was used for quantification, followed by
protein denaturing in boiled water. All protein
samples were subjected to electrophoresis using
10% SDS-PAGE gels. Protein samples were then
transferred to PVDF membranes and then mem-
branes were blocked in PBS at room temperature
for 1.5 h. After that, incubation with primary
antibodies of PD-L1 (1:1,200, ab213524, Abcam,
Cambridge, UK) and GAPDH (1:1,200, ab37168,
Abcam, Cambridge, UK) was performed at 4°C
overnight. Following that, goat secondary antibody
of HRP (IgG) (1:1,000; ab6721; Abcam,
Cambridge, UK) was used to incubate with mem-
branes at 24°C for 2 h. After using ECL for signal
production, signals were processed using Image
J v1.48 software.

Immunohistochemistry (IHC)

Immunohistochemistry staining for PD-L1 was
performed on 5 randomly selected NSCLC and
non-tumor tissues through conventional methods.
The primary antibody in our IHC study was rabbit
polyclonal primary antibodies of PD-LI.

Statistical analysis

The GraphPad Prism 7 (GraphPad Software, US)
software was used for statistical analysis.
Datasets were compared by Student’s t test.
P < 005 was considered as statistically
significant.

Results
The expression of OIP5-AS1 and PD-L1 in NSCLC

Gene expression analysis is the first step to eluci-
date gene function. To this end, RT-qPCR was



applied for to analyze the expression of OIP5-AS1
and PD-L1 in NSCLC and non-tumor tissue sam-
ples. The results showed that the expression levels
of OIP5-AS1 (Figure 1(a)) and PD-LI
(Figure 1(b)) were increased in NSCLC
(p < 0.05). IHC was used to detect the expression
of PD-L1 protein in 5 pairs of NSCLC and non-
tumor tissues. Cases 1, 2 and 5 were NSCLC
patients at stage II, and cases 3 and 4 were patients
at stage III/IV. It was observed that PD-L1 signal
was much stronger in NSCLC tissues (Figure 1(c)).

OIP5-AS1 and PD-L1 were positively correlated in
NSCLC

Correlations suggest interaction. Therefore, the
correlation between OIP5-AS1 and PD-L1 was
analyzed with Pearson’s correlation coefficient.
The results showed that OIP5-AS1 was positively
correlated with PD-L1 across NSCLC tissues
(Figure 2(a)). However, no obvious correlation
was observed in non-tumor tissues (Figure 2(b)).
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Therefore, OIP5-AS1 and PD-L1 may interact with
each other in NSCLC.

The expression levels of OIP5-AS1 and PD-L1
were increased with the development of clinical
stages

Cancer stage significantly affects the survival of
patients. The 68 NSCLC patients included 16, 20
and 32 patients at clinical stage II-IV, respectively.
The expression levels of OIP5-AS1 (Figure 3(a))
and PD-L1 (Figure 3(b)) increased with the devel-
opment of clinical stages (p < 0.01). These results
suggested that increased expression levels of OIP5-
AS1 and PD-L1 might promote the progression of
NSCLC.

OIP5-AS1 upregulated PD-L1 in H23 cells through
regulating miR-34a

RNA interaction suggests function. Therefore, we
next performed RNA interaction prediction via
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Figure 1. The expression of OIP5-AST and PD-L1 in NSCLC. The expression levels of OIP5-AST mRNA (a) and PD-L1 mRNA (b) were
both elevated in NSCLC tumor and non-tumor samples. *, p < 0.05. IHC was used to detect PD-L1 protein in 5 pairs of NSCLC tumor
tissues and non-tumor tissues from 5 patients (c). In all 5 cases, the expression of PD-L1 protein was much stronger in NSCLC tumors

compared to that in normal non-tumor tissues.
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Figure 2. OIP5-AS1 and PD-L1 were positively correlated in NSCLC. Correlations between OIP5-AS1 and PD-LT mRNA expression in
NSCLC tissues (a) and non-tumor tissues (b) were studied with Pearson’s correlation coefficient. p < 0.01 for tumor samples;

p = 0.7276 for non-tumor samples.
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Figure 3. Both OIP5-AST and PD-L1 mRNAs were elevated with the increase of clinical stages. The 68 NSCLC patients were classified
into three clinical stages according to the severity and clinical standard. There were 16, 20 and 32 patients subgrouped at clinical
stage II-IV respectively. The expression levels of OIP5-AS1 (a) and PD-L1 (b) were both elevated with the increase of clinical stages.

** < 0.0]1.

IntaRNA to predict the potential binding of miR-
34a to OIP5-ASI1. It was observed that miR-34a
might bind to OIP5-AS1 (Figure 4(a)). Dual luci-
ferase reporter assay showed that OIP5-AS1 plus
miR-34a mimic transfection significantly reduced
the relative luciferase activity compared to that in
NC group, suggesting the direct interaction
between them (Figure 4(b), p < 0.05). Moreover,
RNA pull-down was carried out to further confirm
this interaction. It was observed that miR-34a, but
not miR-34a (mut), enriched OIP5-AS1 after pull-
down, which confirmed our conclusion that OIP5-
AS1 could directly interact with miR-34a
(Figure 4(c), p < 0.05). RT-qPCR analysis showed
that the expression levels of miR-34a were lower in
NSCLC tissues (Fig. S1, p < 0.05). To study the
interaction among OIP5-AS1, miR-34a and

P-DL1, which is a known target of miR-34a, OIP5-
AS1 and miR-34a mimic, PD-L1 expression vec-
tor, and OIP5-AS1 siRNA were transfected into
H23 cells. Compared to NC and the control
group, the expression of OIP5-AS1, miR-34a and
PD-L1 were significantly altered after transfection
with the overexpression or silencing vector
(Figure 4(d), p < 0.05). Moreover, overexpression
of OIP5-ASI1 led to upregulated, while silencing of
OIP5-AS1 and overexpression of miR-34a resulted
in downregulation of PD-L1, while miR-34a eleva-
tion countered the effects of overexpression of
OIP5-AS1 in regulating PD-L1 at both RNA and
protein levels (Figure 4(e), p < 0.05). Moreover,
OIP5-AS1 and miR-34a did not regulate the
expression of each other, indicating that OIP5-
ASI is unlikely a target of miR-34a (Figure 4(f),
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Figure 4. OIP5-AS1 upregulated PD-L1 in H23 cells by targeting miR-34a. The prediction of RNAs interaction was performed by
IntaRNA (a). By co-transfecting OIP5-AS1 expression vector plus negative control miRNA (NC group) or miR-34a mimic (miR-34a
group) into 10° cells, dual luciferase reporter assay was also conducted (b). The luciferase activity was significantly inhibited in miR-
34a group. RNA pull down was conducted (c). OIP5-AST ¢cDNA could be only amplified in the precipitation pulled down by miR-34a
probe but not control probe. Overexpression of OIP5-AS1, silence of OIP5-AS, overexpression of miR-34a and overexpression of PD-
L1 were confirmed by RT-qPCR at 36 h post-transfection (d). Effects of OIP5-AS1 overexpression, silence and miR-34a overexpression
on PD-LT mRNA and protein expression (e). The regulatory relationship between miR-34a and OIP5-AS1 was evaluated by RT-gPCR.
Overexpression of OIP5-AS1 significantly inhibited miR-34a expression (f). PD-L1 expression was detected by RT-qPCR (g). The
differences between two groups were analyzed by unpaired t-test. *, p < 0.05.
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p < 0.05). Furthermore, the expression levels of
PD-L1 were enhanced in H23 cells transfected
with miR-34a inhibitor (Figure 4(g), p < 0.05).
Therefore, OIP5-AS1 may sponge miR-34a to sup-
press its role in downregulating PD-L1.

OIP5-AS1 promoted H23 and H522 cell
proliferation through regulating miR-34a and
PD-L1

Cell proliferation contributes to tumor growth.
CCK-8 assay was performed to analyze the role
of OIP5-AS1, miR-34a and PD-L1 in cell prolifera-
tion. Overexpression of OIP5-AS1 and PD-L1 led
to increased proliferation rate and more cell colo-
nies of H23 and H22 cells, while silencing of OIP5-
AS1 and overexpression of miR-34a played oppo-
site roles and attenuated the effects of overexpres-
sion of OIP5-AS1 (Figure 5(ab), p < 0.05).
Moreover, the depletion of PD-L1 inhibited pro-
liferation and colonies of H23 and H22 cells, while
miR-34a inhibitor attenuated this effect (Figure 5
(c,d), p < 0.05). Therefore, OIP5-AS1 may sponge
miR-34a to suppress its role in inhibiting NSCLC
cell proliferation.
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Discussion

This study investigated the regulatory relationships
among miR-34a, OIP5-AS1 and PD-L1 in NSCLC
and found that OIP5-AS1 was upregulated in
NSCLC and promoted the expression levels of PD-
L1 through targeting miR-34a to promote lung
cancer cell proliferation.

The function of OIP5-AS1 has been widely stu-
died in many types of cancer [18-20,25]. One
study reported that OIP5-AS1 plays an oncogenic
role in cancer biology, and its oncogenic role is
achieved through the interactions with different
downstream cancer-related factors. OIP5-AS1 is
also an oncogene in NSCLC (adenocarcinoma)
[18]. Moreover, this study found that OIP5-AS1
was upregulated and could bind to miR-448 to
upregulate the expression of Bcl-2, which in turn
promoted cancer development [18]. These find-
ings are consistent with our observation that the
expression levels of OIP5-AS1 were elevated in
NSCLC. Another study reported upregulated
expression of OIP5-AS1 in epithelial malignancies
[26]. Therefore, we speculated that OIP-AS1 was
involved in NSCLC.
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Figure 5. OIP5-AS1 targets miR-34a and regulates PD-L1. Cell proliferation was analyzed by CCK-8 (a) and colony formation assay (b)
in H23 and H22 cells. Both overexpression of OIP5-AS1 and PD-L1 significantly promoted cell proliferation, while silencing of OIP5-
AS1 and overexpression of miR-34a had opposite effects. To further confirm the roles of above RNAs in cell proliferation, colony
formation assay was conducted. Both OIP5-AS1 and PD-L1 overexpression significantly increased cell colony number. However, OIP5-
AS1 silence and miR-34a overexpression had opposite effects. The proliferation (c) and colonies (d) was measured by Cell
proliferation analysis in H23 and H22 cells transfected with siNC, siPD-L1, and siPD-L1+ miR-34a. *, p < 0.05.



PD-L1 is abnormally expressed in multiple cancers
[27]. For instance, the expression levels of PD-L1 are
decreased in clear cell renal cell carcinoma (CCRCC)
tissues and overexpression of PD-L1 promoted
CCRCC progression [26]. PD-L1 accelerates breast
cancer cell proliferation and migration and inhibits
cell apoptosis [27]. In this study, we first observed that
the expression levels of PD-L1 were largely elevated in
tumor tissues from NSCLC patients. In addition, 5
cases were selected to evaluate PD-L1 expression by
immunohistochemistry, which further confirmed the
qPCR results. Moreover, we also found that the
expression of OIP5-AS1 and PD-L1 were positively
correlated in NSCLC tumors but not in non-tumor
tissues, indicating that both OIP5-AS1 and PD-L1
may form a crosstalk in the development of NSCLC.
To link the pathological stage of NSCLC to the expres-
sion of OIP5-AS1 and PD-LI, all 68 patients were
classified into 3 stages according to the clinical features
and severity. Among them, 16 patients were classified
into stage II, 20 patients were sub-grouped into stage
III and 32 patients were classified into stage IV.
Interestingly, the expression levels of OIP5-AS1 and
PD-L1 were both elevated along with disease severity
increase, indicating that OIP5-AS1 and PD-L1 may
promote the progression of NSCLC [28,2930].

A previous study reported that OIP5-AS1 acts
as a molecular sponge of miR-378a-3p to promote
lung cancer cell proliferation and therefore con-
tributes top oor prognosis [21]. Interestingly, our
study found that OIP5-ASI could interact with
miR-34a, and its important inhibitory roles has
been demonstrated in lung cancer progression
[3]. Also, we observed significantly decreased
expression levels of miR-34a in NSCLC tumor
group (Fig. S1). Therefore, we first predicted
their interaction by bioinformatics analysis,
which revealed a binding site of miR-34a on
OIP5-AS sequence. Next, to confirm our predic-
tion, overexpression of miR-34a significantly
reduced the luciferase activity compared to that
of the negative control. Moreover, OIP5-ASI
c¢DNA could only be detected in the combination
precipitated by miR-34a probe but not in the
control probe and miR-34a (mut) probe. To
investigate the regulatory relationships among
miR-34a, OIP5-AS1, and PD-L1 we conducted
in vitro experiments by overexpressing OIP5-
AS1, silencing OIP5-AS1 and overexpressing
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miR-34a in H23 cells. Overexpression of OIP5-
AS1 significantly increased the expression levels
of PD-L1 at both mRNA and protein levels. On
the contrary, silencing of OIP5-AS1 and overex-
pression of miR-34a induced a decreased expres-
sion levels of PD-L1, which was attenuated by
miR-34a, suggesting that both OIP5-AS1 and
miR-34a could regulate PD-L1 but the roles are
opposite. Interestingly, OIP5-AS1 and miR-34a
did not regulate the expression of each other.
Therefore, OIP5-AS1 is unlikely a target of
miR-34a.

Cell proliferation is a promising indicator of
tumor pathogenesis. In our study, we conducted
CCK-8 and colony formation assay to evaluate the
function of OIP5-AS1, miR-34a and PD-L1 in H23
cell proliferation. Interestingly, OIP5-AS1 and PD-
L1 both remarkably promoted cell proliferation.
However, silencing of OIP5-AS1 and overexpres-
sion of miR-34a significantly suppressed H23 cell
and H22 cell proliferation. To find more evidence
supporting our findings obtained in CCK-8
experiments, we also conducted cell colony assay,
which showed consistent results with CCK-8 and
revealed that OIP5-AS1 and PD-L1 played nega-
tive roles but miR-34a had inhibited effects in the
pathogenesis of NSCLC.

Several limitations in this study should be
acknowledged. Firstly, other possible mechan-
isms  responsible for  OIP5-AS1-mediated
NSCLC progression remain to be investigated
in the future. Secondly, the clinical sample size
in this study can be enlarged. Finally, in vivo
animal assays should be performed to test the
function of OIP5-AS1/miR-34a/PD-L1 axis.
Although the involvement of IncRNAs in
NSCLC has been reported [31,32-36], the role
of most IncRNAs in this cancer is still unclear
and more studies are needed.

Conclusion

Overall, this study characterized a novel OIP5-AS1
/miR-34a/PD-L1 axis involved in NSCLC progres-
sion. As miR-34a participates in the inhibition of
many types of cancer, the initiation of upstream
regulators of miR-34a may be considered as
a novel strategy to interfere the pathogenesis of
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NSCLC and to develop a novel therapeutic
approach for NSCLC.
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