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R

1 contributes to ox-LDL-induced

inflammation and oxidative stress through
regulating the miR-128-3p/CDKN2A axis in
macrophages

Xiaojuan Li, *a Quansheng Cao,b Yanyu Wangc and Yongsheng Wangb

Long non-coding RNA OIP5-AS1 (lncRNA OIP5-AS1) and microRNA-128-3p (miRNA-128-3p) have been

reported to play significant roles in human diseases. However, their role in atherosclerosis (AS) has been

less studied. The aim of this research was to reveal the roles and functional mechanisms of OIP5-AS1

and miRNA-128-3p in AS development. Quantitative real-time polymerase chain reaction (qRT-PCR) and

western blot assays were performed to detect gene expression. Cell proliferation and apoptosis were

assessed using a 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay and flow

cytometry analysis, respectively. In addition, ELISA was employed to determine the levels of interleukin

(IL)-6, IL-1b, and tumor necrosis factor (TNF)-a. Oxidative stress was examined using a relevant kit.

Furthermore, the interaction between miR-128-3p and OIP5-AS1 or cyclin-dependent kinase inhibitor 2A

(CDKN2A) was predicted using StarBase, and then confirmed using the dual-luciferase reporter assay or

the RNA immunoprecipitation (RIP) assay. We found that OIP5-AS1 and CDKN2A levels were upregulated

and the miR-128-3p level was downregulated in oxidized low-density lipoprotein (ox-LDL)-induced

THP1 cells. OIP5-AS1 knockdown weakened the regulatory effect of ox-LDL on cell progression.

Interestingly, OIP5-AS1 directly interacted with miR-128-3p and miR-128-3p-targeted CDKN2A.

Furthermore, OIP5-AS1 regulated ox-LDL-induced cell progression through modulating miR-128-3p

expression, and miR-128-3p exerted its influence by modulating the CDKN2A level. Finally, we

confirmed that OIP5-AS1 suppressed miR-128-3p expression to increase the level of CDKN2A. In

conclusion, our findings demonstrate that OIP5-AS1 knockdown repressed the effect of ox-LDL on cell

progression through regulating the miR-128-3p/CDKN2A axis, providing a potential target for the

treatment of AS. RACTE
D

1. Introduction

Atherosclerosis (AS) is a chronic inammatory disease and is
the major cause of coronary heart and cerebral infarction
vascular diseases.1,2 The accumulation of foam cells containing
cholesterol in blood vessels is the result of macrophage trans-
formation and is considered to be a sign of AS development.3,4

Present evidence suggests that oxidized low-density lipoprotein
(ox-LDL) plays a crucial role in the progression of macrophage
activation and foam cell development.5 Therefore, it is urgent to
reveal the functional mechanism of ox-LDL in the growth of
macrophages.
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Long non-coding RNAs (lncRNAs), with an estimated 200
nucleotides, are a group of conserved RNAs that act as regula-
tors inmany human diseases, such as immune-related diseases,
cancers, and metabolic diseases.6–8 Furthermore, lncRNAs have
been reported to play a role in the ox-LDL-induced cell
processes associated with human diseases.9,10 Also, lncRNA
OIP5-AS1 promotes the apoptosis of ox-LDL-induced vascular
endothelial cells by regulating GSK-3b,11 meaning that OIP5-AS1
is related to the functional mechanism of ox-LDL. However, the
role of OIP5-AS1 in ox-LDL-induced macrophages is unclear.

MicroRNAs (miRNAs), a type of small non-coding RNAs, have
about 20 nucleotides and play pivotal roles in many cell
processes, including proliferation, mobility, apoptosis, and
autophagy.12–14 As a miRNA, miR-128-3p has been reported to be
involved in the development of a variety of diseases. For
example, Zhao et al. revealed that miR-128-3p modulates the
injury of doxorubicin-treated liver cells through the regulation
of sirtuin-1.15 Chen et al. reported that miR-128-3p repressed
tumor growth in anaplastic thyroid cancer.16 Liu et al.
RSC Adv., 2019, 9, 41709–41719 | 41709
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conrmed that miR-128-3p affected chemo-resistance by
modulating Bmi1 and MRP5 in colorectal cancer cells.17 These
data suggest that miR-128-3p plays an important role in human
diseases. However, the analysis of the role of miR-128-3p in AS is
rare.

Cyclin-dependent kinase inhibitor 2A (CDKN2A) has been
identied as a cell cycle regulator and is related to the modu-
lation of platelets.18,19 The location of CDKN2A was found to be
close to chromosome 9p21 (chr9p21). Motterle et al. indicated
that chr9p21 variation affected the level of CDKN2A through
regulating lncRNA ANRIL expression, which modulates the
proliferation of vascular smooth muscle cells and enhances
AS.18,20 Therefore, CDKN2A is clearly related to the development
of AS. However, whether CDKN2Amediates ox-LDL-induced cell
progression in AS is unknown.

The aim of our present study was to analyze the mechanism
of OIP5-AS1 in ox-LDL-induced cells. Firstly, we investigated the
levels of OIP5-AS1 and explored the function OIP5-AS1 through
its downregulation. Furthermore, the downstream genes of
OIP5-AS1 were predicted, and then conrmed. Finally, the roles
of miR-128-3p and CDKN2A in OIP5-AS1-regulated cell
progression were analyzed.
2. Materials and methods
2.1. Cell culture

Tohoku Hospital Pediatrics-1 (THP1) and Human Embryonic
Kidney 293T (HEK293T) cells were provided by the American
Type Culture Collection (ATCC, Manassas, VA, USA) and grown
in DMEM (Dulbecco's modied Eagle medium) containing 10%
fetal bovine serum (FBS; Gibco, Gran Island, NY, USA) and 100
U mL�1 penicillin/streptomycin (Invitrogen; Carlsbad, CA, USA)
at 37 �C with 5% CO2. 0, 15, 25, or 50 mg mL�1 ox-LDL (Shanghai
Yeasen BioTechnologies Co., Ltd., Shanghai, China) was
applied to treat THP1 cells. THP1 cells were incubated with 25
mg mL�1 ox-LDL for 0 h, 12 h, 24 h, or 48 h. R
2.2. RNA extraction and quantitative real-time polymerase
chain reaction (qRT-PCR)

Total RNA was obtained from THP-1 cells by the use of TRIzol
reagent (Invitrogen). The reverse transcription reaction was carried
out for the synthesis of cDNA using the SuperScript First-Stand
Synthesis system (Invitrogen) based on the recommended
instructions. Next, qRT-PCR was performed using the SYBR Green
I detection kit (Donghuan Biotech, Shanghai, China). U6 and
glyceraldehyde 3-phosphate dehydrogenase (GAPDH) were
selected for normalization. The 2�DDCt method was applied for the
analysis of gene expression. The primers against OIP5-AS1, miR-
128-3p, CDKN2A, U6, and GAPDH were: OIP5-AS1 (forward (F),
50-GGTCGTGAAACACCGTCG-30; reverse (R), 50-GTGGGGCATC-
CAGGGT-30), miR-128-3p (F, 50-GACTGCCGAGCGAGCG-30; R, 50-
GACGCCGAGGCACTCTCTCCT-30), CDKN2A (F, 50-TGGTCACTGT-
GAGGATTCAGC-30; R, 50-TCGCACGAACTTCACCAAGA-30), U6 (F,
50-TGCGGGTGCTCGCTTCGGCAGC-30; R, 50-CCAGTGCAGGGTCC-
GAGGT-30), and GAPDH (F, 50-ATTCCATGGCACCGTCAAGGCTGA-
30; R, 50-TTCTCCATGGTGGTGAAGACGCCA-30).

RET
41710 | RSC Adv., 2019, 9, 41709–41719
2.3. Plasmid and transfection

Si-OIP5-AS1, miR-128-3p mimics, miR-128-3p inhibitor, and
negative controls were obtained from Ribobio (Shanghai,
China). The sequences of MALAT1 and TRIM65 were cloned
into the pcDNA3.1 plasmid (Genepharma, Shanghai, China) to
generate MALAT1 and TRIM65 overexpression vectors. Lip-
ofectamine 2000 (Invitrogen) was employed to perform the
transfection assay in line with the user's manual.
2.4. Cell proliferation assay

The 3-(4,5)-dimethylthiahiazo(-z-y1)-3,5-diphenytetrazoliumromide
(MTT) kit was employed to examine cell proliferation according to
the user's manual (Promega, Madison, WI, USA). Briey, THP1
cells were treated with ox-LDL and transfected with the construct
used in this assay, and then cultured for 24, 48, or 72 h. Subse-
quently, 20 mL of MTT solution (5 mgmL�1) was added to the cells
(1 � 104). Aer 4 h of incubation, 200 mL dimethyl sulfoxide was
applied to dissolve the formazan product. Finally, the absorbance
was examined using an ELISA plate reader (Bio-Rad, Hercules, CA,
USA) at 570 nm.

TE
D

2.5. Cell apoptosis assay

Cell apoptosis was measured using an Annexin V-FITC/propidium
iodide (PI) Apoptosis Detection Kit (Vazyme Biotech, Nanjing,
China) based on the manufacturer's protocol. In brief, THP1 cells
(1 � 105) were harvested, washed with PBS, and stained using
Annexin V-FITC and PI. Finally, the analysis of cell apoptosis was
carried out using a ow cytometer (BD Biosciences, San Jose, CA,
USA).AC

2.6. Western blot assay

Briey, proteins were obtained from THP1 cells treated with
ox-LDL or transfected with the construct used in this
research using RIPA buffer. Then, the same amount of
protein was subjected to 10% dodecyl sulfate, sodium salt-
polyacrylamide gel electrophoresis (SDS-PAGE), transferred
onto a polyvinyl diuoride membrane (PVDF), and blocked
by phosphate buffered solution (PBST) containing 5% non-
fat skimmed milk. Next, the membranes were incubated
with primary antibodies against CDKN2A, B-cell lymphoma
2 (Bcl-2), BCL2 associated X (Bax), cleaved caspase3 (C-
caspase3), cleaved poly ADP-ribose polymerase (C-PARP),
or GAPDH (1 : 1000; Abcam, Cambridge, MA, USA), and
were then incubated with relative secondary antibodies
(1 : 400; Abcam). Finally, a chemiluminescence reagent
(Beyotime, Haimen, China) was applied to visualize the
protein bands.
2.7. Enzyme-linked immunosorbent assay (ELISA)

Interleukin (IL)-6, IL-1b, and tumor necrosis factor (TNF)-
a levels were examined using ELISA kits (R&D Systems,
Minneapolis, MN, USA) according to the recommended
protocol.
This journal is © The Royal Society of Chemistry 2019
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2.8. ROS, SOD, MDA measurements

The contents of reactive oxygen species (ROS), superoxide dis-
mutase (SOD), and malonic dialdehyde (MDA) were detected
using ROS Assay Kit (Beyotime), SODActivity Assay Kit (Beyotime),
and Lipid Peroxidation MDA Assay Kit (Beyotime), respectively.
Each assay was performed based on the user's manual.
2.9. The dual-luciferase reporter assay

Firstly, OIP5-AS1 wide-type (WT)/mutant (MUT) and CDKN2A
30untranslated region (UTR) WT/MUT were constructed by
cloning their sequences into the pGL3 vector (Promega). Then,
each of them was co-transfected into HEK293T cells with miR-
128-3p mimics or NC mimics. Aer 48 h of incubation, the
dual-luciferase reporter assay kit (Donghuan Biotech) was used
to determine luciferase activity.
2.10. RNA immunoprecipitation (RIP) assay

The Magna RNA immunoprecipitation kit (Millipore, Billerica,
MA, USA) was applied to perform the RIP assay in line with the
user's protocol. Briey, THP1 cells were lysed with RIP buffer,
and then incubated with magnetic beads coated with anti-
Argonaute2 (AGO2) or anti-Immunoglobulin G (IgG) anti-
bodies. Subsequently, immunoprecipitated RNAs were analyzed
using the qRT-PCR assay.
2.11. Statistical analysis

All data were presented as mean� standard deviation (SD) from
at least three independent measurements. The student's t-test
was used for data analysis. P < 0.05 was considered to be
a signicant difference.
3. Results
3.1. OIP5-AS1 level is upregulated by the treatment of ox-
LDL

Firstly, to investigate the expression level of OIP5-AS1 in ox-LDL-
induced cells, a qRT-PCR assay was performed. As shown in
Fig. 1A, OIP5-AS1 expression was signicantly induced by ox-
LDL treatment in a dose-dependent manner in THP1 cells.TR
Fig. 1 The expression of OIP5-AS1 was detected in ox-LDL-induced ce
assay in THP1 cells treated with different concentrations of ox-LDL. (B) OI
LDL for 0 h, 12 h, 24 h, or 48 h. *P < 0.05.

This journal is © The Royal Society of Chemistry 2019

RE

Moreover, we observed that the OIP5-AS1 level increased in
a time-dependent manner in ox-LDL-induced cells (Fig. 1B).
These results indicate that OIP5-AS1 is related to ox-LDL-
induced cell development.
3.2. OIP5-AS1 knockdown reverses the effect of ox-LDL on
cell progression

To further explore whether OIP5-AS1 regulates the growth of ox-
LDL-induced cells, THP1 cells were transfected with si-OIP5-AS1
(#1, #2, and #3). The QRT-PCR assay suggested that OIP5-AS1
expression was dramatically downregulated by the trans-
fection with si-OIP5-AS1 (#1, #2, and #3), especially si-OIP5-
AS1#1 (Fig. 2A). Then, the MTT assay was employed to assess
cell proliferation ability. The results conrmed that OIP5-AS1
knockdown remarkably promoted cell proliferation sup-
pressed by ox-LDL (Fig. 2B). Moreover, we found that ox-LDL
treatment induced cell apoptosis of THP1 cells, whereas this
action was weakened by the downregulation of OIP5-AS1
(Fig. 2C and D). Meanwhile, the levels of cell apoptosis-related
proteins, including Bcl-2, Bax, C-caspase3, and C-PARP, were
measured using western blot assay. As indicated in Fig. 2E,
OIP5-AS1 depletion reversed the effect of ox-LDL on these
protein levels. Subsequently, ELISA was carried out to deter-
mine the levels of IL-6, IL-1b, and TNF-a. The data suggested
that their levels were upregulated by ox-LDL treatment, and
then partly recovered by OIP5-AS1 knockdown (Fig. 2F–H).
Furthermore, the negative effect of OIP5-AS1 depletion on the
amounts of ox-LDL-regulated ROS, SOD, andMDA was observed
in THP1 cells (Fig. 2I–K). These results indicate that OIP5-AS1
plays a crucial role in ox-LDL-regulated cell progression.ACTE

D

3.3. MiR-128-3p is a target of OIP5-AS1

The bioinformatics tool StarBase predicted that miR-128-3p is
a potential target gene of OIP5-AS1 (Fig. 3A). Then, OIP5-AS1 WT
or OIP5-AS1MUT andmiR-128-3p mimics or NCmimics were co-
transfected into HEK293T cells to perform the dual-luciferase
reporter assay. The analysis of luciferase activity demonstrated
that the miR-128-3p mimics signicantly reduced the reporter
activity of OIP5-AS1 WT, whereas they did not affect the reporter
activity of OIP5-AS1 MUT (Fig. 3B). Thus, OIP5-AS1 interacted
lls. (A) The expression levels of OIP5-AS1, as determined by qRT-PCR
P5-AS1 expression measured in THP1 cells treated with 25 mgmL�1 ox-

RSC Adv., 2019, 9, 41709–41719 | 41711
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Fig. 2 The function of OIP5-AS1 in ox-LDL-induced cells was explored. (A) OIP5-AS1 expression in THP1 cells transfected with: control, si-OIP5-
AS1#1, si-OIP5-AS1#2, and si-OIP5-AS1#3. (B) MTT assay assessing cell proliferation ability. (C and D) Flow cytometry analysis of cell apoptosis
rate. (E) Protein levels of genes determined using western blot assay. (F–H) Levels of IL-6, IL-1b, and TNF-a, measured using ELISA. (I–K) ROS,
SOD, and MDA amounts measured using the relevant kit. *P < 0.05.

41712 | RSC Adv., 2019, 9, 41709–41719 This journal is © The Royal Society of Chemistry 2019
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Fig. 3 OIP5-AS1 targeted miR-128-3p. (A) The binding position of miR-128-3p in OIP5-AS1, as predicted by StarBase. The red color represents
mutated sites. (B) Luciferase activity in HEK293T cells transfected with OIP5-AS1WT or OIP5-AS1 MUT andmiR-128-3pmimics or NCmimics. (C)
RIP assay results confirming the interaction between OIP5-AS1 and miR-128-3p. (D and E) MiR-128-3p levels in THP1 cells treated with different
concentrations of ox-LDL (D) or 25 mg mL�1 ox-LDL for 0 h, 12 h, 24 h, or 48 h, respectively (E). (F and G) MiR-128-3p expression in ox-LDL-
induced THP1 cells transfected with si-OIP5-AS1#1 (F) or OIP5-AS1 (G). *P < 0.05.
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with miR-128-3p. Moreover, this interaction was conrmed by
the RIP assay (Fig. 3C). Subsequently, whether ox-LDL regulates
miR-128-3p expression was determined in THP1 cells. As shown
in Fig. 3D and E, ox-LDL dramatically downregulated the
expression level of miR-128-3p in a dose-dependent manner and
a time-dependent manner. Finally, si-OIP5-AS1 or OIP5-AS1 was
transfected into THP1 cells to investigate the effect of OIP5-AS1
on miR-128-3p expression. As expected, the miR-128-3p level
inhibited by ox-LDL was upregulated by OIP5-AS1 knockdown
and downregulated by OIP5-AS1 overexpression (Fig. 3F and G).
These data conrmed that OIP5-AS1 negatively modulates miR-
128-3p expression through interaction.RET
3.4. OIP5-AS1 regulates ox-LDL-induced cell progression
through modulating miR-128-3p expression

In this study, we hypothesized that OIP5-AS1 mediates miR-
128-3p expression to regulate the growth of THP1 cells
This journal is © The Royal Society of Chemistry 2019
treated with ox-LDL. To verify this hypothesis, ox-LDL-
induced THP1 cells were transfected with NC mimics, miR-
128-3p mimics, miR-128-3p mimics + vector, or miR-128-3p
mimics + OIP5-AS1. Then, the qRT-PCR assay was employed
to determine miR-128-3p expression. As demonstrated in
Fig. 4A, the ox-LDL-downregulated miR-128-3p level was
upregulated due to the overexpression of miR-128-3p, and
then this change was weakened by OIP5-AS1 upregulation.
Subsequently, the MTT assay was conducted to examine cell
proliferation ability. The results suggest that cell proliferation
repressed by ox-LDL treatment was signicantly promoted by
miR-128-3p overexpression, and then suppressed by the
upregulation of OIP5-AS1 (Fig. 4B). Flow cytometry analysis
indicated that ox-LDL-induced cell apoptosis was inhibited by
miR-128-3p upregulation, and then partly recovered due to
OIP5-AS1 overexpression (Fig. 4C). Also, a similar trend for
cell apoptosis-related protein levels was observed in THP1
RSC Adv., 2019, 9, 41709–41719 | 41713
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Fig. 4 MiR-128-3p played a crucial role in OIP5-AS1 regulated cell progression. (A) MiR-128-3p expression detected in THP1 cells treated with
ox-LDL and transfected with NC mimics, miR-128-3p mimics, miR-128-3p mimics + vector, or miR-128-3p mimics + OIP5-AS1. (B) Cell
proliferation ability measured using the MTT assay. (C) Cell apoptosis rate measured using flow cytometry analysis. (D and E) Western blot assay
measurements of protein levels of genes. (F–H) Levels of IL-6, IL-1b, and TNF-a, determined using ELISA. (I–K) ROS, SOD, and MDA amounts,
measured using the relevant kit. *P < 0.05.
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cells (Fig. 4D and E). Furthermore, we measured the levels of
IL-6, IL-1b, and TNF-a, and found that OIP5-AS1 over-
expression reversed the effect of miR-128-3p upregulation on
these levels (Fig. 4F–H). Furthermore, the negative effect of
OIP5-AS1 upregulation on miR-128-3p overexpression regu-
lated the amounts of ROS, SOD, and MDA in ox-LDL-induced
THP1 cells (Fig. 4I–K). Taken together, we can conclude that
OIP5-AS1 mediates ox-LDL-induced THP1 cell progression by
regulating miR-128-3p expression.
Fig. 5 MiR-128-3p served as a sponge of CDKN2A. (A) The binding positi
sites are indicated in red. (B) Luciferase activity in HEK293T cells transfec
mimics or NCmimics. (C and D) The mRNA level and protein level of CDK
and western blot assay, respectively. (E–H) The mRNA level and protein
128-3p mimics (E and F) or miR-128-3p inhibitor (G and H). *P < 0.05.

This journal is © The Royal Society of Chemistry 2019
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3.5. MiR-128-3p downregulates CDKN2A expression via
interaction

Next, the targets of miR-128-3p were predicted using the bio-
informatics tool StarBase. The results demonstrated that
CDKN2A possesses a complementary sequence to that of miR-
128-3p (Fig. 5A). Then, the dual-luciferase reporter assay was
carried out to conrm the interaction between miR-128-3p and
CDKN2A. As shown in Fig. 5B, the luciferase activity of CDKN2A
30UTR WT, but not CDKN2A 30UTR MUT, was reduced by the
on of miR-128-3p in CDKN2A 30UTR, as predicted by StarBase. Mutated
ted with CDKN2A 30UTR WT or CDKN2A 30UTR MUT and miR-128-3p
N2A in ox-LDL-induced THP1 cells, detected using the qRT-PCR assay
level of CDKN2A in ox-LDL-induced THP1 cells transfected with miR-
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miR-128-3p mimics, revealing that miR-128-3p interacted with
CDKN2A. Furthermore, we explored the effect of ox-LDL on
CDKN2A expression, and found that the CDKN2A level was
strongly upregulated by ox-LDL treatment (Fig. 5C and D).
Furthermore, we investigated whether miR-128-3p modulated
CDKN2A expression. From Fig. 5E–H, we found that CDKN2A
expression promoted by ox-LDL was remarkably downregulated
by miR-128-3p overexpression and upregulated by miR-128-3p
knockdown. Thus, miR-128-3p reduces CDKN2A levels
through targeting 30UTR of CDKN2A.
3.6. MiR-128-3p mediates CDKN2A level to affect cell
progression

To investigate the function of CDKN2A in miR-128-3p-regulated
cell progression. THP1 cells were treated with ox-LDL and
transfected with NC mimics, miR-128-3p mimics, miR-128-3p
mimics + vector, or miR-128-3p mimics + CDKN2A. Then, the
qRT-PCR assay was performed to determine the expression of
CDKN2A. As indicated in Fig. 6A, CDKN2A expression was
downregulated by miR-128-3p overexpression, and then upre-
gulated by CDKN2A overexpression. Subsequently, the MTT
assay was carried out to assess cell proliferation ability. The
results suggest that miR-128-3p overexpression signicantly
promoted the proliferation of ox-LDL-induced THP1 cells,
whereas this action was reversed by CDKN2A upregulation
(Fig. 6B). Next, the cell apoptosis rate was examined using ow
cytometry analysis. From Fig. 6C, we concluded that cell
apoptosis was inhibited due to the increased miR-128-3p level,
and was subsequently partly restored by CDKN2A over-
expression. Meanwhile, the negative effect of CDKN2A upregu-
lation on the change of miR-128-3p overexpression-regulated
cell apoptosis-related protein levels was discovered in ox-LDL-
treated THP1 cells (Fig. 6D and E). Subsequently, ELISA was
employed to measure the levels of IL-6, IL-1b, and TNF-a. The
results revealed that the overexpression of CDKN2A increased
the levels of these compounds, which were downregulated by
miR-128-3p upregulation (Fig. 6F–H). Furthermore, we found
that the increase of CDKN2A weakened the effect of miR-128-3p
overexpression on the amounts of ROS, SOD, and MDA in ox-
LDL-treated THP1 cells (Fig. 6I–K). Taken together, we can
conclude that miR-128-3p mediates the growth of ox-LDL-
induced cells by modulating CDKN2A expression.

TR
3.7. OIP5-AS1 inhibits miR-128-3p expression to increase
CDKN2A level

Based on the above results, it was speculated that OIP5-AS1
repressed miR-128-3p expression to upregulate the CDKN2A
level in ox-LDL-induced cells. To test this hypothesis, ox-LDL-
induced THP1 cells were transfected with NC mimics, miR-
128-3p mimics, miR-128-3p mimics + vector, or miR-128-3p
mimics + OIP5-AS1. Subsequently, the qRT-PCR assay and
western blot assay were carried out to detect the expression
levels of CDKN2A. The results revealed that CDKN2A expression
was inhibited by miR-128-3p overexpression, and then partly
recovered by OIP5-AS1 upregulation (Fig. 7A and B). Therefore,

RE
41716 | RSC Adv., 2019, 9, 41709–41719
OIP5-AS1 positively regulates the CDKN2A level by inhibiting
miR-128-3p expression.

4. Discussion

In recent years, lncRNAs have been reported to be involved in
the development of AS.21,22 For instance, Yao et al. reported that
lncRNA ENST00113 positively regulated cell growth and survival
by mediating the PI3K/Akt/mTOR axis in AS.23 Zhang et al.
conrmed that lncRNA TUG1 depletion promotes AS by regu-
lation of the miR-133a level.24 Pan demonstrated that lncRNA
H19 enhances AS development through modulating the MAPK
pathway.25 These studies suggest that lncRNAs play essential
roles in AS development. Therefore, it is of urgency to explore
the functional mechanisms of lncRNAs for the treatment of AS.

In the present study, we found that OIP5-AS1 expression was
upregulated by the treatment of ox-LDL in a dose-dependent
manner and time-dependent manner. Furthermore, OIP5-AS1
knockdown reversed the effect of ox-LDL on THP1 cell prolif-
eration, apoptosis, inammation, and oxidative stress, con-
rming that ox-LDL regulates AS development through
regulating OIP5-AS1. Previous evidence suggests that OIP5-AS1
expression is increased in ox-LDL-induced cells and OIP5-AS1
acts as a positive regulator to modulate cell growth in ox-LDL-
regulated cell progression.11 These data are consistent with
our results. This evidence conrms that OIP5-AS1 plays a posi-
tive role in the progression of AS, also OIP5-AS1 has been re-
ported to promote the development of many other human
diseases, such as hemangioma,26 melanoma,27 and osteosar-
coma.28 Importantly, our work shows that ox-LDL activates
OIP5-AS1 expression to regulate cell progression.

LncRNAs have been considered as a kind of miRNA sponges
that mediate downstream gene expression by binding to
targets.29 We used the bioinformatics tool StarBase to predict
the potential target genes of OIP5-AS1, and found that miR-128-
3p likely interacts with OIP5-AS1. Next, this interaction was
conrmed by the dual-luciferase reporter assay and RIP assay.
Moreover, we analyzed the effect of OIP5-AS1 on miR-128-3p
expression. As expected, we found that OIP5-AS1 negatively
regulates miR-128-3p expression. Furthermore, a decreased
miR-128-3p level was observed in ox-LDL-induced cells. The
present evidence suggests that miR-128-3p is a tumor
suppressor in human diseases, including glioma,30 esophageal
squamous-cell cancer,31 rheumatoid arthritis,32 and hepatocel-
lular carcinoma.33 Moreover, miR-128 knockdown regulated by
lncRNA NEAT1 leads to ox-LDL-regulated inammation and
oxidative stress.34 The results in our study are in agreement with
the previously reported data. Based on the above results, it was
speculated that OIP5-AS1 regulates miR-128-3p expression to
modulate ox-LDL-induced cell progression. Subsequently, this
hypothesis was veried by our assay, which demonstrated that
OIP5-AS1 upregulation weakens the effect of miR-128-3p over-
expression on the growth of ox-LDL-induced cells.

Accumulating evidence demonstrates that miRNAs play roles
as mRNA sponges to regulate gene expression through targeting
30UTR of target mRNA.35 Next, the bioinformatics tool StarBase
was used to predict the potential targets of miR-128-3p.
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Fig. 6 MiR-128-3p exerted its function by regulating CDKN2A expression. (A) CDKN2A expression detected using the qRT-PCR assay in ox-LDL-
induced THP1 cells transfected with NC mimics, miR-128-3p mimics, miR-128-3p mimics + vector, or miR-128-3p mimics + CDKN2A. (B) MTT
assay results of cell proliferation ability. (C) Cell apoptosis, as determined using flow cytometry. (D and E) Western blot assay results of the protein
levels of genes. (F–H) Levels of IL-6, IL-1b, and TNF-a, measured using ELISA. (I–K) Amounts of ROS, SOD, and MDA, detected using the relevant
kit. *P < 0.05.

This journal is © The Royal Society of Chemistry 2019 RSC Adv., 2019, 9, 41709–41719 | 41717
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Fig. 7 OIP5-AS1 mediated miR-128-3p expression to regulate the CDKN2A level. (A and B) The mRNA level and protein level of CDKN2A,
determined using the qRT-PCR assay and western blot assay in ox-LDL-induced THP1 cells transfected with NC mimics, miR-128-3p mimics,
miR-128-3p mimics + vector, or miR-128-3p mimics + OIP5-AS1. *P < 0.05.
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ED
CDKN2A was found to be a gene that possesses a complemen-
tary sequence to that of miR-128-3p. Then, the interaction
between miR-128-3p and CDKN2A was conrmed by the dual-
luciferase reporter assay. Meanwhile, we conrmed that miR-
128-3p downregulates the level of CDKN2A. Furthermore,
CDKN2A expression in ox-LDL-induced cells was found to be
higher than that in the control cells. These data are in agree-
ment with previous reports.36 Our results also indicate that miR-
128-3p regulates the growth of ox-LDL-induced cells through
modulation of CDKN2A expression. Finally, the mechanism by
which OIP5-AS1 represses miR-128-3p expression to upregulate
the CDKN2A level was elucidated in this research.
5. Conclusion

In conclusion, we suggested that OIP5-AS1 knockdown weakens
the effect of ox-LDL on cell proliferation, apoptosis, inamma-
tion, and oxidative stress through modulating the miR-128-3p/
CDKN2A axis, providing a theoretical basis for the treatment
of AS.
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