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Abstract. – OBJECTIVE: This study aimed to 
explore the effect of long non-coding RNA (Ln-
cRNA) LncOGD-1006 to ischemic stroke and the 
possible mechanism. 

MATERIALS AND METHODS: The primary 
brain microvascular endothelial cells (bEnd.3) of 
oxygen-glucose deprivation (OGD) was used as 
a mimic of ischemic stroke in vitro. 

RESULTS: The results showed that Ln-
cOGD-1006 was upregulated in bEnd.3 after 
OGD-induced.

CONCLUSIONS: LncOGD-1006 might act as 
a ceRNA to inhibit apoptosis in bEnd.3 cells by 
targeting miR-184-5p/CAAP1 pathway.

Key Words:
MiRNA-106, Pediatric osteosarcoma, PI3K/AKT sig-

naling pathway. 

Introduction

Stroke is one of the main cerebrovascular 
diseases that cause human death and disability 
in the world, so as to seriously endanger human 
health1. However, the molecular mechanism of 
ischemic stroke has not yet been fully understood 
and the pathogenesis of brain ischemia is still 

worth exploring. Brain ischemia could be caused 
by a thrombus, embolus occlusion, or hemor-
rhage due to rupture of the blood vessels, and 
then, these might result in ischemia stroke which 
could further reduce and block the blood supply 
of brain tissues2. A few minutes after the onset 
of the stroke, the sudden decrease in blood flow 
lead to irreversible damage and subsequent cell 
death. Furthermore, apoptosis may be the main 
reason caused brain microvascular endothelial 
cells death. Therefore, it is urgent for us to detect 
the mechanism of neuronal apoptosis, which may 
help us to find new therapies to alleviate brain 
damage resulting from ischemic stroke. 

Although long non-coding RNAs (LncRNAs), 
cannot code protein, they play a key role in the 
regulation in different process of cells, includ-
ing chromatin modification, transcription, and 
post-transcriptional processing3,4. At present, 
the researches of LncRNAs mainly focus on 
tumor and neurodegenerative diseases, but in-
creasing investigations indicate that LncRNAs 
might have a great impact on the pathogenesis 
of brain injury. Recently, there are many kinds 
of literature on stroke response changes in Ln-
cRNAs and some researchers have highlighted 
the importance of LncRNAs in the pathogene-
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sis of ischemic stroke5-8. Whereas, the molecu-
lar mechanisms of LncRNAs in ischemic stroke 
is still unclear. In particular, the influence of 
LncRNAs in cerebrovascular endothelial biol-
ogy and pathophysiology in ischemic stroke is 
unknown and worthy of investigation. 

In this study, bioinformatics analysis revealed 
a possible binding site for LncOGD-1006 and 
miR-184-5p, which suggest that LncOGD-1006 
may have a function as a sponge to miR-184-5p. 
Subsequently, we examined the expression lev-
els of LncOGD-1006 and miR-184-5p in brain 
microvascular endothelial cells (bEnd.3) after 
oxygen-glucose deprivation (OGD). The rela-
tionship between LncOGD-1006 and miR-184-
5p was determined by RNA-RNA pull-down as-
say and Dual-Luciferase reporter assay. Besides, 
we found that the conserved anti-apoptotic pro-
tein 1 (CAAP1) was a target gene of miR-184-
5p. These results suggested the LncOGD-1006 
might act as a ceRNA to inhibit apoptosis in 
bEnd.3 cells by targeting miR-184-5p/ CAAP1 
pathway.

Materials and Methods

Materials and Reagents
Dulbecco’s Modified Eagle’s Medium 

(DMEM), Fetal Bovine Serum (FBS), and Tryp-
sin-EDTA were purchased from HyClone compa-
ny (South Logan, UT, USA). Cell Counting Kit-8 
(CCK-8) was obtained from Dojindo Laboratories 
(Kumamoto, Japan). TRIzol reagent and Lipo-
fectamine 3000 and pcDNA3.1 purchased from 
Invitrogen (Carlsbad, CA, USA).

Cell Culture and OGD Treatment
The bEnd.3 brain microvascular endothelial 

cell line was purchased from the Institute of Bio-
chemistry and Cell Biology, Chinese Academy 
of Sciences (Shanghai, China) and cultured in 
Dulbecco’s Modified Eagle Medium (DMEM). 
Oxygen and glucose deprivation was performed 
in bEnd.3 cells as previously described9.

Cell Viability Assay
The effect of siRNA on the cell viability was 

assessed by the Cell Counting Kit-8 (CCK-8). 
Briefly, the experimental method was described 
as follows: cells (about 104/well) were seeded on 
96-well plates for 24 h, and then washed with 
PBS twice to remove the media. The sample 
had been incubating at 37°C for 3 h after adding 

900 μL serum-free DMEM medium and 100 μL 
CCK-8 solution. Absorbance at 450 nm was mea-
sured using a microplate reader (BioTek, Winoos-
ki, VT, USA).

Cell Apoptosis Assay
Apoptosis of bEnd.3 cells were examined 

by Annexin V-FITC/PI Apoptosis Detection kit 
(Beyotime, Shanghai, China). The bEnd.3 cells 
were harvested and washed with PBS twice af-
ter intervention as they were seeded on 6-well 
plates with 6 × 105 cells per well and incubated 
in 37°C for 24h. Aside from that, these cells 
were strained by 5 μL Annexin-V FITC and 5 
μL PI for 15 min at room temperature in the 
dark. Finally, the cells were washed using PBS 
twice and then the apoptotic bEnd.3 cells were 
analyzed by flow cytometer (BD, Franklin Lake, 
NJ, USA). 

Cell Transfection
MiR-184-5p mimics, NC mimics, miR-184-

5p inhibitor, and NC inhibitor were acquired 
from GenePharma (Shanghai, China), si-Ln-
cOGD-1006-1, si-LncOGD-1006-2, and si-NC 
were purchased from Samgon (Shanghai, China). 
The bEnd.3 cells were seeded on the 6-well plates 
with 5 × 105 cells for 24 h and transfected with 
si-LncOGD-1006-1, si-LncOGD-1006-2, or miR-
184-5p mimics, miR-184-5p inhibitor or overex-
pressed pcDNA3.1(+)-LncOGD-1006 plasmid by 
Lipofectamine 3000. The si-NC, NC mimics, NC 
inhibitor, and pcDNA3.1(+) vector were negative-
ly controls, respectively.

Quantitative Real-Time PCR
The total RNA was extracted from bEnd.3 cell 

lines using TRIzol reagent (Invitrogen, Shanghai, 
China). The cDNAs were synthesized using First-
Strand cDNA Synthesis Kit (TaKaRa, Dalian, 
China) according to the manufacturer’s instruc-
tions. qRT-PCR was conducted to investigate the 
relative expression level in a real-time thermal 
cycler Quantstudio 6 Flex (ABI, Waltham, MA, 
USA) according to a previous protocol5. To be 
specifically, the procedures of qRT-PCR were as 
follows: an initial denaturation was set at 94 °C 
for 3 min. After that, there would be 40 cycles 
of 94°C for 10 s and 60 °C for 1 min. Also, the 
melting curve analysis from 65°C to 95°C. The 
2−∆∆CT method was used to calculate the relative 
expression level of LncOGD-1006, miR-184-5p, 
and CAAP1. The algorithm of 2−∆∆CT was applied 
to analyze the expression level6. An unpaired 
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t-test was used to compare the data. The primers 
were showed in Table I.

Western Blot Assay
The proteins were isolated with an Extraction 

Kit from Eubiotech Co.Ltd. (Shanghai, Chi-
na). The 12.5% SDS-PAGE was used in this 
experiment according to the previous report7. 
After the proteins were transferred into a poly-
vinylidene fluoride membranes, the membrane 
was blocked with 5% skimmed milk in TBS, 
and then, incubated with primary polyclonal 
antibodies against anti-cleaved-caspase3 (CST, 
Boston, Mass, USA, 1:1000), anti-BAD (Abcam, 
London, UK, 1:1000), anti-Bcl-2 (Abcam, Lon-
don, UK, 1:1000), anti-CAAP1 (Abcam, Lon-
don, UK, 1:1000), and anti-GAPDH (CST, Bos-
ton, MA, USA, 1:1000) at 4°C overnight. After 
membranes were washed four times with TBS 
containing 0.05% Tween-20, they were incubat-
ed with mouse anti-rabbit secondary antibodies 
(MR, Shanghai, China) for 2 h. Bound antibod-
ies were visualized with an ECL Western Blot-
ting Reagent Kit.

RNA-Fluorescence In Situ Hybridization
Fluorescence in situ hybridization assay was 

based on our previous studies8. In brief, the 
bEnd.3 cells were dropped on slides and dehy-
drated in 70% ethanol overnight at 4°C. Then, 
the slides were incubated in 2 × SSC buffers (15 
mM sodium citrate, 150 mM sodium chloride, pH 
7.5) with pH = 7.6 for 30 min at 37°C. The miR-
184-5P probe for 5 h at 37°C. Followed by being 
washed with PBS, the bEnd.3 cells were labeled 
with 4,6-diamidino-2-phenylindole (DAPI) for 
5 min. The images were observed with confocal 
microscopy.

Dual-Luciferase Reporter Assay 
The putative binding sites between Ln-

cOGD-1006 and miR-184-5P (or miR-184-5P 
and CAAP1) were predicted using TargetScans 
(http://www.targetscan.org/vert_72/) analysis. 
The bEnd.3 cells were co-transfected with 
wild-type (wt) or point mutant type (mut) pmir-
GLO-LncOGD-1006 3′ UTR and miR-184-5P 
mimics (pmirGLO-CAAP1 3′ UTR and miR-
184-5P) or NC mimics using Lipofectamine 
3000 reagent in compliance to standard proce-
dures. 72 h later, the Luciferase activity assay 
was measured by a Dual-Luciferase reporter 
assay kit.

RNA Pull-Down Assay
To further confirm the relationship between 

LncOGD-1006 with miR-184-5P, bEnd.3 cells 
were co-transfected miR-184-5P with LncOGD-
1006-sense probe and LncOGD-1006-antisense 
probe (synthesized by Shanghai Gene Pharma 
Co. Ltd, China) according to the manufactur-
er’s instruction. Cell lysate was collected after 
transfection 48 hours and with M-280 streptavi-
din magnetic beads as previously reported9. The 
bound RNAs were analyzed by qRT-PCR.

Statistical Analysis
All experiments in this study were in the trip-

licate. The results of multiple experiments are 
presented as the mean ± standard deviation (SD). 
Statistical comparisons (p-values) were calculat-
ed using one-way analysis of variance (ANOVA). 
Probability values of p<0.05 were considered 
indicating a significant difference.

Results

LncOGD-1006 Expression Was 
Upregulated by in Cellular Model 
of bEnd.3

According to the previous study, LncOGD-1006 
was upregulated in brain microvascular endo-
thelial cells after oxygen-glucose deprivation 
(OGD)10. In the present study, the OGD mod-
el was established to identify the role of Ln-
cOGD-1006 in bEnd.3 cells. As shown in Figure 
1A, the mRNA expression of LncOGD-1006 was 
upregulated by OGD. Stimulation of bEnd.3 cells 
with OGD-treatment did show a significant in-
crease in LncOGD-1006 expression from 4 h to 
48 h (Figure 1B). 

Table I. The primer sequences for qRT-PCR.

 Primers Sequences (5’-3’)

Lnc-OGD 1006F ACGTGTCTTGAGATGCCAAA
Lnc-OGD 1006R TCCTCTCCCTCTTCCTCTCTC
CAAP1F ATAGAAGGCCCATGCAACGAA
CAAP1R TCTGACCAGCTTCACTTTGGA
β-actinF CTCCATCCTGGCCTCGCTGT
β-actinR GCTGTCACCTTCACCGTTCC
miR-184-5pF TGGACGGAGAACTGATAAGGGT
REVERSE CCTTATCAGTTCTCCGTCCATT
U6F CTCGCT TCGGCAGCACA
U6R AACGCTTCACGAATTTGCGT
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Knockdown of LncOGD-1006 Promotes 
Cell Apoptosis

Based on the result above, LncOGD-1006 was 
assumed to play an important role in OGD-in-
duced ischemic stroke. To investigate the role 
of LNCOGD in ischemic stroke, we designed 
two pairs of si-LNCODGs (si-LncOGD-1006-1 
and si-LncOGD-1006-2) to knockdown Ln-
cOGD-1006 in bEnd.3 cells. The results showed 

that the expression of LncOGD-1006 down-
regulated by si-LncOGD-1006-1 and si-Ln-
cOGD-1006-2 (Figure 2A). The viability of 
OGD-induced bEnd.3 cells was decreased after 
tranfecting two si-LNCODGs (Figure 2B). Spe-
cifically, apoptosis rate was difference between 
the two interfered groups and the control group, 
and the bEnd.3 cells apoptosis rate was sig-
nificantly increased by si-LncOGD-1006-1 and 

Figure 1. Preliminary analysis of LncOGD-1006. The expression of LncOGD-1006 was increased while OGD-induced (A). 
The LncOGD-1006 expression level was upregulated with time development of OGD treatment (B).

Figure 2. Knockdown of LncOGD-1006 suppress bEnd.3 apoptosis. Knockdown of LncOGD-1006 was verified via RT-PCR 
(A). Cell viability was increased with LncOGD-1006 interfered (B). The bEnd.3 apoptosis rate was increased analyzed by 
annexin V-FITC/PI Apoptosis detection kit (C). Apoptosis-associated proteins were detected by WB (D).
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si-LncOGD-1006-2 (Figure 2C). Further anal-
ysis showed that the expression of BCL-2 and 
BAD proteins were downregulated after knock-
ing down LncOGD-1006, but cleaved-caspase3 
protein was upregulated (Figure 2D). Overall, 
these results revealed that inhibition of Ln-
cOGD-1006 promote the apoptosis in OGD-in-
duced bEnd.3 cells.

Overexpression of LncOGD-1006 
Inhibits Apoptosis

In order to further clarify the possible mech-
anism of LncOGD-1006 in OGD-induced isch-
emic stroke, we constructed pcDNA3.1(+)-Ln-
cOGD-1006 plasmid, and then, transfected 
this plasmid into bEnd.3 cells. The results 
can be seen in Figure 3A as the expression 
of LncOGD-1006 was significantly upregulat-
ed. The viability of bEnd.3 cells transfected 
with pcDNA3.1(+)-LncOGD-1006 plasmid was 
significantly increased (Figure 3B). Moreover, 
apoptosis rate was clearly decreased between 
LncOGD-1006 overexpression group with con-
trol group (pcDNA3.1(+) group) (Figure 3C). 
To further analyze apoptosis mechanism, BCL-
2, BAD and cleaved-caspase3 proteins were 
detected by Western blot. The results showed 

that expression of BCL-2 and BAD proteins 
were upregulated, while cleaved-caspase3 pro-
tein was downregulated (Figure 3D).

LncOGD-1006 Is One of Targets for 
MiR-184-5p

To explore the detailed mechanism of Ln-
cOGD-1006 in OGD-induced ischemic stroke. 
Firstly, nuclear and cytoplasm were separated 
and analyzed, the results demonstrated that the 
expression of LncOGD-1006 was significantly 
higher in cytoplasm than that in nuclear (Figure 
4A). Secondly, we investigated the distribution of 
LncOGD-1006 on bEnd.3 cells by RNA-FISH. As 
shown in Figure 4B, LncOGD-1006 was mainly 
expressed in the cytoplasm in bEnd.3 cells. The 
expression of candidate target miR-184-5p of 
LncOGD-1006 was assessed by miRanda anal-
ysis (Figure 4C). By comparing binding sites 
of LncOGD-1006 and miR-184-5p, the results 
depicted that LncOGD-1006 and miR-184-5p had 
an overlapping sequence on 5′-UTR of miR-184-
5p region. RNA-pulldown proved that LncOGD-
1006-sense probes might be enriched in miR-184-
5p comparing with the LncOGD-1006-antisense 
probe (Figure 4D). After that, Luciferase report-
er assays suggested that the miR-184-5p mimic 

Figure 3. Overexpression of LncOGD-1006 activate bEnd.3 apoptosis. Overexpression of LncOGD-1006 was verified via 
RT-PCR (A). Cell viability was decreased with LncOGD-1006 overexpressed (B). The bEnd.3 apoptosis rate was decreased 
analyzed by annexin V-FITC/PI Apoptosis detection kit (C). Apoptosis-associated proteins were detected by WB (D).
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significantly decreased Luciferase activities of 
pmirGLO-LncOGD-1006-WT reporter, but not 
of pmirGLO-LncOGD-1006-MUT reporter (Fig-
ure.4E).

LncOGD-1006 Functions as a ceRNA for 
MiR-184-5p

The next question was about miR-184-5p. We 
suspected that the miR-184-5p expression was 
affected by LncOGD-1006. Afterward, miR-
184-5p was downregulated as expected when 
LncOGD-1006 was overexpressed by transfect-
ing pcDNA3.1(+)-LncOGD-1006 plasmid (Fig-
ure 5A). Moreover, miR-184-5p was upregulated 
when LncOGD-1006 was knocked down by 
si-LncOGD-1006s (Figure 5B). Further anal-
ysis showed that the apoptosis rate was great-
ly decreased while bEnd.3 cells transfected to 
pcDNA3.1(+)-LncOGD-1006 + scramble, but the 
apoptosis rate was recovered by pre-treated with 
miR-184-5p mimics (Figure.5C). One of the 
mechanisms of cytoplasmic LncRNAs as com-
petitive endogenous RNAs (ceRNAs), which 

sponge various miRNAs to dampen their reg-
ulatory effects on target mRNAs11. It suggested 
that LncOGD-1006 should be a ceRNA for miR-
184-5p to regulate bEnd.3 cells apoptosis.

LncOGD-1006 Functions as a 
Sponge RNA for MiR-184-5p to 
Facilitate CAAP1 Expression

We hypothesized that LncOGD-1006 affect-
ed one (some) target protein expression through 
miR-184-5p. In order to confirm the molecular 
mechanism, bioinformatic analysis demonstrat-
ed that there was an overlapping area between 
miR-184-5p and CAAP1-WT, but not CAAP1-
MUT (Figure 6A). Next, the relative expression 
of CAAP1 was upregulated while miR-184-5p 
was blocked by miR-184-5p inhibitor1 or in-
hibitor2 (Figure 6B). Likewise, the CAAP1 
expression was significantly downregulated by 
transfecting miR-184-5p mimics (Figure 6C). 
Meanwhile, Luciferase reporter assays pre-
sented that the miR-184-5p mimic significant-
ly reduced the Luciferase activities of pmir-

Figure 4. The relationship between LncOGD-1006 with miR-184-5p. LncOGD-1006 was located on cytoplasm via RT-PCR 
(A). LncOGD-1006 was mainly expressed in the cytoplasm detected by Immunofluorescence. Images magnification ×40 (B). 
The potential binding sequence between LncOGD-1006 and miR-184-5p (C). RNA-pulldown proved that LncOGD-1006-
sense probes may be enriched miR-184-5p (D). The miR-184-5p decreased LncOGD-1006 mimic luciferase activities through 
Luciferase reporter assays (E).
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GLO-CAAP1-WT reporter, but not those of 
pmirGLO-CAAP1-MUT reporter (Figure 6D). 
Moreover, CAAP1 was significantly downreg-
ulated while LncOGD-1006 was blocked by 
transfecting si-LncOGD-1006-1. On the oth-
er hand, it was upregulated while pretreated 
with miR-184-5p inhibitor (Figure 6E). How-
ever, CAAP1 could be downregulated while 
pretreated with miR-184-5p mimics (Figure 6F) 
and was significantly upregulated while Ln-
cOGD-1006 was over-expressed by transfect-
ing pcDNA3.1(+)-LncOGD-1006 plasmid. Be-
sides, the results also showed that CAAP1 was 
increased by OGD challenging (Figure 6G). 
After that, apoptosis rate was detected by An-
nexin V-FITC/PI apoptosis detection kit while 
CAAP1 was knocked down by transfecting si-
CAAP1-1 and si-CAAP1-2. As shown in Figure 
6H, the si-CAAP1-1 and si-CAAP1-2 groups 
reported significantly more decreased trends 
than control group to further analyze apoptosis 
mechanism, apoptosis-associated protein was 
analyzed by WB, showing that expression of 
BCL-2 and BAD proteins were up-regulated 
while cleaved-caspase3 protein was down-reg-
ulated (Figure 6I).

Discussion

In previous studies, there are many LncRNAs 
identified in brain ischemic stroke using RNA-
Seq analysis9,12-16. In the present research, we 
detected the function and explored the possible 
mechanism of LncOGD-1006 in brain ischemic 
stroke. The results detected that bEnd.3 responded 
to ischemic attack with decreased LncOGD-1006 
expression, demonstrating a potential function-
al role of LncOGD-1006 in the pathogenesis of 
ischemic stroke. The expression or dysfunction of 
LncRNA is closely related to the occurrence of hu-
man diseases, including cancer, neurodegenerative 
diseases, and many other serious diseases strong-
ly affecting human health17-20. In this study, we 
found that the expression level of LncOGD-1006 
in bEnd.3 cells for 12h on oxygen-glucose depriva-
tion model in vitro. CCK-8, Annexin V-FITC and 
apoptosis-associated proteins were also detected to 
assess the function of LncOGD-1006. The results 
showed that the apoptosis rates and cell death rates 
were significantly increased with knockdown of 
LncOGD-1006, and decreased with overexpres-
sion of LncOGD-1006. We further evaluated the 
role and mechanism of LncOGD-1006/miR-184-

Figure 5. LncOGD-1006 negatively regulate miR-184-5p. The expression level of miR-184-5P was measured by RT-PCR 
with LncOGD-1006 overexpressed (A) or interfered (B). the apoptosis rate was detected with LncOGD-1006 overexpressing 
or blocked by miR-184-5p mimics (C).
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Figure 6. LncOGD-1006/miR-184-5p/CAAP1 axis in OGD injury. The potential binding sequence between miR-184-5p 
and CAAP1 (A). The expression level of CAAP1 was measured by RT-PCR with miR-184-5P interfered (B) or overexpressed 
(C). The CAAP1 decreased miR-184-5p mimic luciferase activities through luciferase reporter assays (D). The expression 
of CAAP1 was detected by RT-PCR or WB with si-LncOGD-1006-1 interfered and blocked by miR-184-5p inhibitor (E) or 
overexpressed and blocked by miR-184-5p mimics (F). the mRNA relative expression of CAAP1 was up-regulated via RT-
PCR on OGD-induced (G). The bEnd.3 apoptosis rate was decreased analyzed by annexin V-FITC/PI Apoptosis detection kit 
(H). Apoptosis-associated proteins were detected by WB (I).
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5p/CAAP1 axis in ischemic stroke. It may play a 
potential role in therapeutic intervention of isch-
emic stroke.

MicroRNA has been applied in many differ-
ent biological processes, including cell cycle21, 
translation regulation22, methylation23, ubiquiti-
nation24, and apoptosis25, creating great achieve-
ments26,27. Our results showed that LncOGD-1006 
located on the membrane and targeted to miR-
184-5p. In the meanwhile, we also found that 
the knockdown of LncOGD-1006 could increase 
the expression level of miR-184-5p, while over-
expression of LncOGD-1006 could decrease the 
miR-184-5p, suggesting LncOGD-1006 had a 
negative regulation on expression of miR-184-5p. 
We also proved that apoptosis rate was blocked 
by miR-184-5p mimics in LncOGD-1006 inter-
fered group. It suggested that there is endogenous 
competition for bEnd.3 apoptosis between Ln-
cOGD-1006 with miR-184-5p.

To further certify the role of LncOGD-1006 
in ischemic stroke, the expression of CAAP1 
was identified to be upregulated in miR-184-
5p knockdown groups and downregulated in 
miR-184-5p mimics groups. The expression of 
CAAP1 was blocked by miR-184-5p and Ln-
cOGD-1006 recovered the effect of CAAP1 on 
bEnd.3 cells. In addition, the effect of CAAP1 
on bEnd.3 apoptosis significantly increased by 
knockdown CAAP1. The data are in accordance 
with our hypothesis and it might be tested that 
LncOGD-1006 could attenuate bEnd.3 apoptosis 
by making miR-184-5p a sponge and inhibiting 
its function of antagonizing CAAP1. 

Conclusions

We demonstrated a new mechanism for Ln-
cOGD-1006 as a ceRNA targeting miR-184-5p 
and CAAP1 in cerebral ischemic stroke. We per-
formed a series of comprehensive experiments to 
explore the association between LncOGD-1006 
and brain ischemic injury, and finally found 
that LncOGD-1006 antagonized miR-184-5p 
by sponging miR-184-5p who could inhibit the 
CAAP1 transcription and deteriorate brain isch-
emic injury. The current research may provide a 
new intervention target for inhibiting or reversing 
ischemic stroke injuries.
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