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Introduction: LncRNA MIRS503HG has been reported to participate in liver cancer and
ALK-negative anaplastic large-cell lymphoma, while its role in non-small cell lung cancer
(NSCLC) is unknown. We therefore investigated the functions of IncRNA MIRS503HG in
NSCLC.

Methods: MIR503HG expression in paired cancer and non-cancer tissues from NSCLC
patients was analyzed by RT-qPCR. The interaction between cyclin D1 and MIR503HG was
analyzed by overexpression experiments. Cell cycle analysis was performed by flow cyto-
metry. Cell proliferation was analyzed by CCK-8 assay.

Results: MIRS03HG was downregulated in NSCLC and low levels of MIRSO3HG were
associated with poor survival. In contrast, cyclin D1 was upregulated in NSCLC, and cyclin
D1 and MIR503HG were inversely correlated. In NSCLC cells, overexpression experiments
revealed that MIR503HG functioned as an upstream inhibitor of cyclin D1. MIRS03HG
overexpression led to G1 cell cycle arrest, while overexpression of cyclin D1 attenuated the
effects of MIR503HG overexpression. Similarly, MIR503HG overexpression resulted in
reduced cell proliferation rate, while overexpression of cyclin D1 caused the increased cell
proliferation rate and attenuated effects of MIR5S03HG overexpression.

Conclusion: MIR503HG inhibits NSCLC cell proliferation by inducing cell cycle arrest
through the downregulation of cyclin D1.
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Introduction
The latest cancer statistic data showed that lung cancer is the secondary most
common types of malignancy in both men (following prostate cancer) and
women (following breast cancer), while lung cancer is the most common cause of
cancer-related mortality in both men and women.' The major cause of the high
mortality rate of lung cancer is the low early diagnostic rate.”* Therefore, most
lung cancer patients are diagnosed at advanced stages, which are not suitable for
radical surgery.* As the most common subtypes of lung cancer, non-small cell lung
cancer (NSCLC) accounts for more than 85% of lung cancer cases.” Up to now,
pathogenesis of NSCLC is still largely unclear, which is a big challenge for clinical
treatment.’

Accelerated cell cycle progression is the basis of the growth of tumors, and
inhibition of cancer cell cycle progression is considered as a promising therapeutic
approach for cancer therapy.’” Cyclins, such as cyclin D1, mediates cell phase
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transitions to promote cancer cell division.® It also has been
shown that cell cycle progression in cancer is also regulated
by certain long (>200nt) non-coding RNAs (IncRNAs),”'®
which are not involved in protein-coding but regulate gene
expression to participate in diverse cellular processes.''"'?
LncRNA MIRS503HG plays tumor suppressive roles in liver
cancer but promotes ALK-negative anaplastic large-cell
lymphoma.'*'* In this study, we investigate the function of

MIRS503HG in NSCLC.

Materials and Methods

Study Patients

We enrolled 64 NSCLC patients (gender: 39 males and 25
females; age: 35 to 67 years; mean: 52.147.1 years) in this
study. Those patients were selected from the 144 NSCLC
patients admitted by Yantai Yuhuangding Hospital Affiliated
to Qingdao University from August 2011 to August 2013.
Inclusion criteria: 1) patients confirmed by histopathological
biopsy; 2) new cases. Exclusion criteria: 1) patients trans-
ferred from other hospitals; 2) any therapies were initiated; 3)
recurrent NSCLC; 4) any other diseases were observed.
Based on AJCC criteria, there were 14, 15, 18 and 17
cases at stage I-IV, respectively. All patients were informed
with the experimental principle. Aforementioned hospital
Ethics Committee approved this study.

Follow-Up

A 5-year follow-up was performed after the admission of
patients. The follow-up was performed in a monthly man-
ner through outpatient visit and/or phone call. The causes
of deaths were recorded and the ones died of other causes
or who were lost were not included.

Patients’ Specimens and Cells

NSCLC (cancer) and non-cancer tissues were obtained
from each patient during biopsy. Weight of tissues ranged
from 0.05 to 0.11g. All tissues were confirmed by at least
three pathologists.

Human NSCLC cell lines H1581 and H1993 (ATCC,
USA) were used in this study. RPMI-1640 medium (10%
FBS) was used to cultivate cells. Cell culture conditions
were 37 °C and 5% COs,.

Cell Transfections

MIRS03HG and cyclin D1 expression vectors were con-
structed using pcDNA3 vector by Sangon (Shanghai,
China). H1581 and H1993 cells were harvested at confluence

of 70-80%. Lipofectamine 2000 (Thermo Fisher Scientific)
was used to transfect 10 nM MIRS03HG and cyclin D1
expression vector or 10 nM empty pcDNA3 vector (negative
control, NC) into 10° cells. Control group included cells
without any treatment. Cells were harvested at 24 h post-
transfections to perform following experiments.

RT-qgPCR
H1581 and H1993 cells (collected at 24 h post-transfection)
were mixed with RNAzol reagent (Sigma-Aldrich, USA)
with a ratio of 1 mL RNAzol reagent per 10° cells. Tissues
were ground in liquid nitrogen and 0.05 g tissue was mixed
with 1 mL RNAzol reagent to extract total RNA. All RNA
samples were subjected to DNase I digestion. Following
reverse transcriptions performed using AMV Reverse
Transcriptase XL (Clontech, USA), qPCR mixtures were
prepared using the SYBR® Green master mix (Bio-Rad,
USA). The expression of MIR503HG and cyclin D1
mRNA was detected using 18S rRNA and GAPDH as
endogenous control. All data were processed using 2 AT
method.

Cell Cycle Analysis

Trypsinization was performed on H1581 and H1993 cells
harvested at 24 h after transfections. Pre-cold PBS was used
to wash the cells, following by incubation for 3 h with 75%
ethanol at 4 °C. After that, cells were washed with fresh pre-
cold PBS to remove ethanol. BD Pharmingen™ PI/RNase was
then used to incubate with cells in dark for 40 min at 25 °C.
Finally, cells were separated by FACSCantoTM Flow
Cytometer (BD Biosciences, USA). For each sample, 10°
events were counted.

Cell Proliferation Ability Measurement
Eagle’s Minimum Essential Medium (10% FBS) was used to
dissolve H1581 and H1993 cells harvested at 24 h after
transfections with a ratio of 1 mL cell culture medium per
4x10* cells. Ninety-six-well plates were used to cultivate cells
(4x10° cells in 0.1 mL cell suspension per well) under condi-
tions of 37 °C and 5% CO,. CCK-8 solution (10 pL, Sigma,-
Aldrich, USA) was added at 4 h before the end of cell culture.
Cell culture was stopped at 24, 48, 72 and 96 h. OD values
were measured at 450 nm to reflect cell proliferation rates.

Western Blot

RIPA solution (Thermo Fisher Scientific) was used to
extract total protein from HI1581 and H1993 cells har-
vested at 24 h after transfections with a ratio of 1 mL
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¢ RIPA solution per 2x10° cells. Protein samples were
quantified using BCA method and protein samples with
good quality were denatured and subjected to 10% SDS-
PAGE gel electrophoresis. Protein samples were trans-
ferred to PVDF membranes, followed by incubation with
5% non-fat milk (25 min at 25 °C) for blocking. After that,
GAPDH (ab9485, 1:1200, Abcam) and cyclin D1 antibody
(ab226977, 1:1200, Abcam) rabbit polyclonal primary
antibodies were used to incubate with PVDF membranes
overnight at 4 °C. The next day, PVDF membranes were
further incubated with IgG-HRP secondary antibody
(1:800, goat anti-rabbit, MBS435036, MyBioSource) for
2 h at room temperature. Image J v1.46 software was used
to process all data.

Statistical Analysis

Data in this paper were all mean values. Mean values were
from data of at least three biological replicates of each
experiment. Differences between two types of tissues were
analyzed using paired #-test. Differences among multiple
groups were analyzed by performing ANOVA (one-way)
and Tukey’s test. Linear regression was used for correla-
tion analysis. The 64 NSCLC patients were grouped into
high and low expression group based on the median
expression level of MIRS03HG in NSCLC tissues
(n=32). The cutoff value was 1.97. K-M method was
used to plot survival curves, and Log rank test was used
to compare survival curves. Differences were significant
when p<0.05.
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Results
MIR503HG and Cyclin DI Were

Dysregulated in NSCLC

We first analyzed the differential expression of MIR5S03HG
and cyclin D1 in NSCLC by performing RT-qPCR followed
by paired t-test. The data showed that, comparing to non-
cancer tissues, MIRS03HG was significantly downregulated
(Figure 1A), and cyclin D1 was significantly upregulated
(Figure 1B) in NSCLC tissues collected from the 64
NSCLC patients (p<0.05).

MIR503HG Expression in NSCLC

Predicted Survival

Based on the methods aforementioned, survival curves
were plotted for both low and high MIR503HG level
groups and compared between these two groups. It was
observed that patients in low MIR503HG level group had
significantly lower overall survival rate comparing to
patients in high MIR503HG level group (Figure 2).

Cyclin DI and MIR503HG Were
Inversely Correlated in NSCLC Tissues

Linear regression was performed to analyze the correla-
tions between Cyclin D1 and MIR503HG. It was observed
that cyclin D1 and MIR503HG were significantly corre-
lated in NSCLC tissues (Figure 3A). However, the corre-
lation between Cyclin D1 and MIR503HG in non-cancer

tissues was not significant (Figure 3B).
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Figure 1 MIR503HG and cyclin DI were dysregulated in NSCLC. RT-qPCR analyzed by paired t-test showed that, comparing to non-cancer tissues, MIR503HG was
significantly downregulated (A), and cyclin DI was significantly upregulated (B) in NSCLC tissues collected from the 64 NSCLC patients (*p<0.05).
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Figure 2 MIR503HG expression in NSCLC predicted survival. Survival curve
analysis for both ow and high MIR503HG level groups (n=32) showed that patients
in low MIR503HG level group had significantly lower overall survival rate comparing
to patients in high MIR503HG level group.

MIR503HG Was an Upstream Inhibitor of

Cyclin DI in NSCLC Tissues

MIRS503HG and cyclin D1 were transfected into H1581
and H1993 cells and expression levels of MIRS03HG and
cyclin D1 were significantly increased at 24 h after trans-
fections comparing to control (C) and negative control
(NC) groups (Figure 4A, p<0.05). Moreover, cells with
MIR503HG overexpression showed significantly downre-
gulated cyclin D1 compared to two controls (Figure 4B,
p<0.05), while cells with cyclin DI overexpression
showed no significantly altered expression of MIR503HG
(Figure 4C).
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MIR503HG Inhibits NSCLC Cell

Proliferation Through Cyclin DI

Comparing to NC and C two controls, MIR503HG over-
expression led to increased percentage of cells at G1 phase
and decreased percentage of cells at G2 phase. In addition,
cyclin D1 overexpression played an opposite role and
attenuated the effects of MIR503HG overexpression
(Figure 5A, p<0.05). Comparing to the two controls,
MIRS503HG overexpression resulted in reduced cell pro-
liferation rate, while overexpression of cyclin D1 caused
the increased cell proliferation rate and attenuated effects
of MIR503HG overexpression (Figure 5B, p<0.05).

Discussion

We in this paper discussed the function and clinical poten-
tials of MIR503HG for NSCLC. We found that
MIR503HG was downregulated in NSCLC and inhibited
NSCLC cell cycle progression by downregulating cyclin
D1. We also found that MIR503HG may be used to assist
the prognosis of NSCLC.

The same IncRNA may have opposite functions in dif-
ferent types of cancer. For instance, IncRNA TUG1 promote
cancer cell prognosis in glioma, indicating its tumor sup-
pressive function.'” However, TUGI in osteosarcoma pro-
mote cancer cell proliferation, indicating its oncogenic
role.'® MIR503HG was downregulated in liver cancer and
inhibits tumor metastasis by inactivating oncogenic NF-xB
pathway.'® However, in another study, Huang et al showed
that MIR503HG can enhance the proliferation of cancer cell
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Figure 3 Cyclin DI and MIR503HG were inversely correlated in NSCLC tissues. Linear regression analysis showed that cyclin DI and MIR503HG were significantly

correlated in NSCLC tissues (A), but not significant in B.
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Figure 4 MIR503HG was an upstream inhibitor of cyclin DI in NSCLC tissues. Expression levels of MIR503HG and cyclin DI were significantly increased at 24 h after
transfections comparing to control (C) and negative control (NC) groups (A). Moreover, cells with MIR503HG overexpression showed significantly downregulated cyclin
DI comparing to two controls (B), while cells with cyclin DI overexpression showed no significantly altered expression of MIR503HG (C), (*p<0.05).

in ALK-negative anaplastic large-cell lymphoma.'* In this
study, we observed the downregulated MIRS03HG in
NSCLC and the accelerated cancer cell proliferation after
MIRS503HG overexpression. Our data suggest the tumor
suppressive role of MIR503HG in NSCLC.

In liver cancer, the downregulated MIR503HG indicates
the poor survival of cancer patients.'® Accurate prognosis is
also critical for NSCLC patients due to the fact that most
NSCLC patients are diagnosed at late stages.”” Therefore,
accurate prognosis may guide the individualized treatment
program, thereby prolonging patients’ survival. We showed

that low MIRS503HG level in NSCLC tissues was closely
associated with the poor survival of NSCLC patients.
Therefore, detecting the expression of MIR503HG in
NSCLC tissue may assist the prognosis of NSCLC.

Cyclin D1 in cancer development and progression can
be regulated by certain IncRNAs.'”'® We in this study
found that MIRSO3HG was likely an upstream inhibitor of
cyclin D1, and the regulation of cyclin D1 by MIR503HG is
involved in the regulation of NSCLC cell cycle progression
and cell proliferation. Therefore, overexpression of
MIRS503HG may be a potential target to inhibit NSCLC

Cancer Management and Research 2020:12

submit your manuscript

1645

Dove


http://www.dovepress.com
http://www.dovepress.com

Xu et al

Dove

Percentage of cells

G1 S G2
H1581
mc B
I NC
100 - g MIRS03HG
MIRS03HG+Cyclin D1
80 _x X
=
°
S 60
o
°
)
£ 40
g
H
2
S 2
0
G1 S G2
H1993
H1581 H1993
T, o0 [
—4—MIRSOHG . —4—MIRSOHG :
5 100-{[ === MRso3HG+cycin 01 1 2100 [ eoMRswHGecycint] ¢
5w | §wl ——
: ; o 1 . e
z 2 60 .
E g . E . =
e — ® 40 ¥ g
2 ' 2 A
2 ; S ’
& &
0+
48 72 96 0 24 48 72 96
Time (h) Time (h)

NC MIRS03HG

MIR503HG+Cyclin D1

NC MIR503HG MIR503HG+Cyclin D1

oam0

P

Figure 5 MIR503HG inhibits NSCLC cell proliferation through cyclin D1. Comparing to NC and C two controls, MIR503HG overexpression led to increased percentage of
cells at G| phase and decreased percentage of cells at G2 phase. In addition, cyclin DI overexpression played an opposite role and attenuated the effects of MIRS03HG
overexpression ((A), p<0.05). Comparing to the two controls, MIRS03HG overexpression resulted in reduced cell proliferation rate, while overexpression of cyclin DI
caused the increased cell proliferation rate and attenuated effects of MIRS03HG overexpression ((B), *p<0.05).

tumor growth. However, clinical studies are needed to ver-
ify our hypothesis.

In conclusion, MIR503HG was downregulated in
NSCLC and overexpression of MIRS03HG may suppress
cancer progression by inhibiting cell cycle progression
through the downregulation of cyclin DI.
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