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Purpose: Acute ischemic stroke (AIS) is a leading health problem caused by cerebral
ischemia/reperfusion (CI/R). This study aimed to unveil the potential clinical value and
mechanism of IncRNA CASCI15.

Patients and Methods: The expression of CASC15, miR-338-3p was detected by quanti-
tative real-time PCR (qRT-PCR). The correlations between CASC15 and national institutes
of health stroke scale (NIHSS) scores or miR-338-3p were evaluated by Pearson correlation.
A receiver operating characteristic (ROC) curve was performed to provide the diagnostic
value of CASC15. Cell Counting Kit-8 (CCK-8) and flow cytometer were used to detect the
condition of cell viability and apoptosis. The levels of interleukin-1beta (IL-1p), interleukin-
6 (IL-6), and tumor necrosis factor-alpha (TNF-a) was detected by enzyme-linked immuno-
sorbent assay (ELISA) assay.

Results: The expression of CASC15 was increased and the levels of miR-338-3p were
decreased in AIS patients. A positive association between CASC15 and NIHSS score and
an inverse association between CASC15 and miR-338-3p were revealed by Pearson
correlation. CASC15 might discriminate AIS patients from healthy people. Silenced
CASCI15 exerted neuroprotective roles on cell viability, apoptosis, and inflammation via
the miR-338-3p/ETS1 axis.

Conclusion: CASC15 might act as a potential diagnostic biomarker for AIS patients.
CASC15/miR-338-3p/ETS1 axis played an essential role in cell viability, apoptosis, and
neuroinflammation.
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Introduction

Stroke is one of the most dangerous vascular diseases, leading to public economic
challenges and family burdens.' Acute ischemic stroke (AIS) is the common type of
stroke induced by blood occlusion.” The treatments of stroke were constituted by
emergency reperfusion of blood flow and other precautionary methods.>* However,
recent achievement underlines that the reperfusion after acute ischemia of the brain
might lead to even severe injury.’ Due to less understanding of the pathology of AIS
and prompt responsive measures to the emergency of AIS, AIS still intimidates the
lives of all patients. The immune inflammation response and injury of cell biological
activities are important aspects among AIS disorders.® Thus, a predictive biomarker
involving the mechanism of AIS and cerebral ischemia/reperfusion (CI/R) damage is
promising in the realms pertinent to AIS clinical therapy.
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Long non-coding RNAs (IncRNAs) participate in dis-
eases via interlaced regulatory networks.” Substantial
research has been published to unveil the significance of
all sorts of IncRNAs in AIS.*® For instance, IncRNA
HULC is associated with national institutes of health
stroke scale (NIHSS) scores and may function as a -
biomarker.'® Besides, the abnormal expression of ANRIL
alters the inflammatory situation of AIS patients.'
A recent academic achievement concerning IncRNA
GASS proposes the impacts of GASS in AIS. It is reported
that GASS is highly expressed in the animal models and
cell models caused by CI/R and silenced GAS5 improves
cell viability by miR-137/Notch] axis.'* Xiang et al pro-
vide a further substantiation, namely, they verify that
IncRNA MEG3 leads to CI/R damage by sponging miR-
424-5p and MAPK pathway.'> LncRNA CASCI5, as
a common IncRNA, has been explored by investigators
415 Differently
expressed CASCI15 is elucidated in several diseases. In

in studies of cancer and diseases.
hepatocellular carcinoma, bladder cancer, and prostate
cancer, CASCI15 is identified to be an oncogene by accel-
erating cell migration, expediting cell invasion, and attenu-
ating cell apoptosis by specific signal pathways.'®'® It is
known to all, some sustained cardiac disorders are
increased AIS susceptibility, like cardiac hypertrophy.'”
Upregulation of CASCI15 is evaluated in the animal mod-
els of cardiac hypertrophy.?® But yet, there is still a loss of
data about CASCI15 in AIS and their potential association.

Thus, we collected AIS patients and revealed the
expression of CASC15 in these patients. The association
of CASCIS5 and national institutes of health stroke scale
(NIHSS) scores was identified and the clinical predictive
accuracy of CASC15 was made clear. The significance of
CASCI15 on cell inflammation, cell viability, and cell
apoptosis was investigated. Significantly, the underlying
molecular mechanism of CASC15 in CI/R damage was
substantiated.

Patients and Methods

Patients and Cells

We collected 98 patients with AIS and 85 control patients in
the Heilongjiang University of Chinese Medicine and all these
patients provided informed consent for the blood collection.
AIS patients were diagnosed by Chinese guidelines for diag-
nosis and treatment of acute ischemic stroke 2018. The inclu-
sion criteria were: hospitalization within 48 h of onset,
voluntary signing of informed consent, and complete medical

records. The exclusion criteria of AIS patients were: (1) tran-
sient ischemic attack, cerebral hemorrhage, subarachnoid
hemorrhage, and space-occupying lesions; (2) consciousness
disturbance; (3) serious diseases such as heart, liver, kidney,
blood system, and tumor. For the healthy group, individuals
who met with the following conditions were included, includ-
ing the voluntary signing of informed consent and no history
of stroke. The exclusion criteria of controls were as follows:
tumor, severe inflammation, pregnancy, and severe liver or
kidney failure. Besides, detailed information, like baseline
demographics and clinical examination data of participants
were gathered. The Institutional Ethics Committee of
Heilongjiang University of Chinese Medicine approved our
experiments. A total of 85 healthy controls with a mean age of
55.81 £ 9.45 years old and 98 AIS patients (mean age of 56.27
+ 11.00 years old) were recruited in this investigation. No
significant difference was observed between the healthy
group and the AIS group in age, body mass index (BMI),
and Sex (all P> 0.05, Table 1). Moreover, the data of diabetes,
hypertension, hyperuricemia, and hyperlipidemia in AIS indi-
viduals were showed no difference when compared to control
subjects (all P> 0.05, Table 1). The mean NIHSS score was
11.73 £ 5.78 in the AIS group (Table 1).

Table | Baseline Data of AlS Patients and the Healthy Group

Clinical Healthy AIS Patients | P-value
Features Controls (n = (n =98)
85)
Age (years) 55.81 £ 9.45 56.27 = 11.00 0.726
BMI (kg/m?) 24.38 + 242 24.05 + 3.21 0.206
Sex 0.901
Male 60 70
Female 25 28
Diabetes 0.165
No 69 (81.18%) 71 (72.45%)
Yes 16 (18.82%) 27 (27.55%)
Hypertension 0.078
No 31 (36.47%) 24 (24.49%)
Yes 54 (63.53%) 74 (75.51%)
Hyperuricemia 0.116
No 63 (74.12%) 62 (63.27%)
Yes 22 (25.88%) 36 (36.73%)
Hyperlipidemia 0.290
No 35 (41.18%) 48 (48.98%)
Yes 50 (58.82%) 50 (51.02%)
NIHSS score - 11.73 £ 5.78 -

6306 "

Dove!

International Journal of General Medicine 2021:14


https://www.dovepress.com
https://www.dovepress.com

Dove

Chen et al

Human neuroblastoma SH-SYS5Y cells were obtained
from EK-Bioscience (Shanghai, China) and cultivated in
Dulbecco’s Modified Eagle’s Medium (DMEM) with 10%
FBS and 1% compounded P/S. The atmosphere of cell
culture was a moist air with 5% CO2 at 37°C. Our experi-
ments complied with the Declaration of Helsinki.

Sample Collection

The blood specimens were isolated from each AIS patient
at the arrival of hospitalization. And healthy controls con-
tributed to their blood samples after 8-h fasting. All sam-
ples were placed vertically for 2 hours and then
centrifuged to collect plasma specimens.

Oxygen Glucose Deprivation/
Reoxygenation (OGD/R) Cells
Establishment

According to a previous publication, SH-SY5Y cells were
applied to conduct OGD/R cell models.*' Briefly, the cells
were transferred to the DMEM medium without glucose
and serum at an atmosphere with 94% N,, 5% CO,, and
1% O, for 8 hours. Then, the cells were returned to normal
culture conditions for 24 hours.

Cell Transfection

Small interfering CASC15 (si-CASC15) and its negative
control (si-NC), together with miR-338-3p mimic, miR-
338-3p inhibitor, and their negative control (miR-NC)
IBSBIO (Shanghai, China).
Transfection and co-transfection were conducted by using
Lipofectamine 3000 (Invitrogen, USA).

were attained from

RNA Extraction and Quantitative
Real-Time PCR (qRT-PCR)

We isolated RNA samples from each individual and
experimental cells by TRIzol reagent (Invitrogen, USA).
RNA with an OD260/0D280 value of 1.8-2.0 would only
be reverse transcribed into DNA if it was content. A Titan
one tube RT-PCR kit (Roche, Basel, Switzerland) and
HyperScript III miRNA Ist Strand cDNA Synthesis Kit
(NovaBio, Shanghai, China) were used to synthesize
cDNA. In order to detect relative levels of CASCI15 and
miR-338-3p, cDNA samples were mixed with 2 x S6
Universal SYBR qPCR Mix (NovaBio, Shanghai, China)
on ABI 7500 system (ThermoFisher, USA). B-actin and
U6 were served as internal housekeeping genes. The

obtained data were calculated with 2724¢T,

Enzyme-Linked Immunosorbent Assay
(ELISA)

Emerging neuroinflammation was given priority in the
injury of CI/R. Thus, the levels of interleukin-1beta (IL-
1B), interleukin-6 (IL-6), and tumor necrosis factor-alpha
(TNF-a) were detected by ELISA assay Kits (all from
Boster, Wuhan, China).

Cell Viability

A 96-well plate was seeded SH-SYS5Y cells with a suitable
concentration (5000/well). Then, the wells were added with
a 10 puL Cell Counting Kit-8 (CCK-8, Dojindo, Japan).
These experimental cells were incubated at 37°C for further
2 hours. After that, a microplate reader was performed to
determine the absorbance values under 450 nm.

Cell Apoptosis

About 1x10° cells were gathered by centrifugation and
washed by PBS twice. Then 500 pL binding buffer was
added to suspend cells and a 5 pL. Annexin V-FITC was
mixed with suspension liquid. After a 30-min incubation,
the reaction was interrupted with phosphate-buffered sal-
ine (PBS). Subsequently, an addition of 500 pL PBS
suspended cells. A flow cytometer was carried out to
observe the condition of the apoptotic cell.

Luciferase Activity Assay

Target genes were forecasted by bioinformatics. Wide
CASC15 (WT-CASCI15) including binding region was
amplified by PCR and its mutation sequences (MUT-
CASC15) were synthesized from Sangon (Shanghai,
China). In the same way, the sequences of WT-ETS1 and
MUT- ETS1 were procured from Sangon (Shanghai,
China). pGL3 plasmids were inserted previous sequences
and co-transfected with miR-338-3p mimics, miR-338-3p
inhibitors, and miR-NCs into 293T cells respectively. The
luciferase in cells was released by lysis reagent. Firefly
luciferase reagent was added and the firefly luciferase data
were recorded. Then, an Renilla luciferase reagent was
added and the firefly luciferase data were recorded. The
detection reagents were from the dual-luciferase reporter
assay system (Promega, USA).

Statistical Analysis
The comparisons of different groups were analyzed by
Student’s #-test, one-way ANOVA, and y* test. The correla-

tions between CASCI15 and NIHSS score as well as
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CASC15 and miR-338-3p were unveiled by Pearson
Correlation. Receiver operating characteristic (ROC) curve
was performed to provide the diagnostic value of CASC15
by the area under the ROC curve (AUC), specificity, and
sensitivity. All these results were analyzed by SPSS and
GraphPad and expressed as mean + standard deviation (SD).

Results
Elevated Expression of CASCI5 Was

Related to NIHSS Score in AIS Patients

As expressed in Figure 1A, CASC15 was highly expressed
in the AIS patients compared with healthy controls, sug-
gesting CASC15 might be a regulator in AIS (P < 0.001).
Besides, the Pearson correlation analysis demonstrated
that the expression of CASCI15 was increasingly elevated
along with the increasing NIHSS scores in AIS patients (R
=0.617, P < 0.001; Figure 1B).

Diagnostic Accuracy of CASCI5 for AIS

Patients

Considering the aberrant expression of CASCI15 in AIS
patients, the indicative value of CASC15 for AIS patients
was proposed by the ROC curve. Figure 1C exhibited this
result, which provided the AUC was 0.902 as well as the
high sensitivity (0.847) and promising specificity (0.824)
when the cut-off value was 1.339.

CASCI15 Contributed to Cell Injury and

Inflammation

To research the possible mechanism of CASC135, the levels
of CASCI15 were artificially regulated by the interference
genes. Figure 2A provided that the expression of CASC15
was raised in OGD/R cell models and successfully inhibited
in the si-CASCI15 group (P < 0.001). Cell viability was

B

30+

reduced in the group induced by OGD/R and reversed by
the inhibition of CASCIS5, indicating silenced CASCI15
might exert protective effects in CI/R damage (P < 0.01,
Figure 2B). This inference was reinforced by the results of
cell apoptosis, that is, OGD/R led to increased apoptotic
cells, whereas, silenced CASCI15 alleviated this tendency
(P < 0.001, Figure 2C). Beyond these, OGD/R contributed
to the inflammation by the result that pro-inflammatory
indicators, such as IL-1B, IL-6, and TNF-0, were raised
(P <0.001, Figure 2D-F). Interestingly, the underexpression
of CASCI15 ameliorated cell inflammation, indicating
CASCIS5 could protect SH-SYSY against neuroinflamma-
tion (P < 0.001, Figure 2D-F).

MiR-338-3p Was a ceRNA of CASCI5

Figure 3A exhibited a complementary region between
CASCI15 and miR-338-3p, including 8 sites. Luciferase
report further determined the relationship between
CASC15 and miR-338-3p. In the WT-CASCI15 group,
a reduction of luciferase activity was found in the group
transfected with miR-338-3p mimics, and an abundance of
luciferase activity was found when cells were transfected
with miR-338-3p inhibitors, which testified miR-338-3p
was a ceRNA of CASCI5 (P < 0.01, Figure 3B).
Furthermore, knockdown of CASC15 increased the rela-
tive expression of miR-338-3p, further suggesting
CASCI15 sponged miR-338-3p (P < 0.01, Figure 3C).

MiR-338-3p Lowly Expressed in AlS

Patients

Taken the correlation of CASC15 and miR-338-3p into con-
sideration, we assessed the expression of miR-338-3p in AIS
patients. The results of qRT-PCR showed that the relative
expression of miR-338-3p was decreased in the plasma spe-
cimens from patients with AIS (P < 0.001, Figure 3D). In

ROC Curve
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Figure | (A) CASCI5 is upregulated in AIS patients. (B) CASCI5 was proportionate to the NIHSS score. (C) CASCI5 could serve as a diagnostic biomarker for AlS

patients. ***P < 0.001.
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Figure 2 (A) The expression of CASCI15 was successfully decreased by si-CASCI5. (B and C) Underexpression of CASCI5 restored the OGD/R damage on cell viability
and apoptosis. (D—F) OGD/R contributed to the enrichment of IL-1f, IL-6, and TNF-a, while silenced CASCI5 suppressed these effects. **P < 0.001, compared to control;

#p < 0.01, P < 0.001, compared to OGD/R.

addition to the aberrantly expressed miR-338-3p, a negative
correlation between CASC15 and miR-338-3p was found in
AIS patients (R =—0.718, P < 0.001; Figure 3E).

MiR-338-3p Mediated the Function of
CASCI5 on Cell Models

The expression of miR-338-3p in the OGD/R group was
decreased compared to the control group (P < 0.001,
Figure 4A). Silenced CASCI15 prevented the decreased
trend of miR-338-3p, while the co-transfection of si-
CASC15 and miR-338-3p inhibitors reversed the influence
of reduced CASCI15 (P < 0.001, Figure 4A). In addition,
the silenced miR-338-3p mitigated the abundance of cell
viability caused by reduced CASC15 expression (P < 0.01,
Figure 4B). Downregulation of CASC15 contributed to the
decreased apoptotic cells, however, miR-338-3p knock-
down suppressed this effect (P < 0.001, Figure 4C).
Besides, reduced miR-338-3p expression destroyed the
protective effects of CASCI15 on cell inflammation reac-
tion (P < 0.001, Figure 4D-F).

ETSI Serves as a Target Gene of
miR-338-3p

As shown in Figure 5A, the putative target bases between
ETS1 and miR-338-3p were exhibited. The target relation
between ETS1 and miR-338-3p was identified by lucifer-
ase report assay. In the WT-ETS1 group, the luciferase
activity was lowly expressed in the miR-338-3p mimic
group and was highly expressed in the miR-338-3p inhi-
bitor group (P < 0.001, Figure 5B).

Discussion

As one of the leading agents of death or disability, the
incidence of AIS is increasing recently globally.*? In
a recent investigation, AIS accounts for 60-80% of stroke
in China.” In view of this situation, it is urgent to improve
the diagnosis and risk judgment of AIS and to find the
target of drug action. Recently, many pieces of research on
the AIS and IncRNA have been conducted by several
investigators. A sequencing data observed by Zhu et al
determine 3009 abnormal expressed IncRNAs in AIS
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The levels of miR-338-3p were lessened in AlS patients. (E) The levels of miR-338-3p were inversely associated with CASCI5. **P < 0.01, ***P < 0.001.

patients.”* LncRNA SNHGI2 is highly expressed in the
mice exposed to cerebral artery occlusion and it partici-
pates angiogenesis process and neuroinflammation via
miR-150/VEGF axis.?> This previous achievement under-
lines the fundamental roles of IncRNAs in AIS.

In our study, we found that the expression of CASC15
was raised in the AIS patients relative to healthy controls,
which proposed that CASC15 was a probable regulator in
AIS. The levels of CASC15 were in direct proportion to
the alternation of NIHSS scores, reporting the close asso-
ciation between CASC15 and AIS. Additionally, CASC15
showed a promising likelihood as a diagnostic biomarker
for AIS patients. Research conducted by Zhang et al uses
the same method to discover the value of ANRIL and their
results imply the diagnostic importance of ANRIL in

ischemic stroke.”® Significantly, mechanistic researches
further indicate the consequence of the IncRNAs of vas-
cular disorders.”” IncRNA SNHG®6 represses the cell via-
bility and inhibits cell apoptosis via the miR-181c-5p/BIM
pathway.”® In the current investigation, the knockdown of
CASCI15 restored the percentage of viable cells and apop-
totic cells destroyed by OGD/R, indicating the protective
value of CASCI15. Surprisingly, the silenced CASC15
attenuated cell immune inflammation caused by OGD/R,
validating CASC15 might function as a neuroprotective
factor.

The present study predicted and determined miR-338-
3p was a sponge of CASC15 and the abnormal expression
of CASC15 could change the levels of miR-338-3p.

Furthermore, the expression of miR-338-3p was lessened
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Figure 4 (A) Co-transfection of si-CASCI5 and miR-338-3p mimics decreased the elevated expression of miR-338-3p induced by si-CASCI5. (B—F) Underexpression of
miR-338-3p reversed the protective influence of si-CASCI5 on cell viability, cell apoptosis, and inflammation. ***P < 0.001, compared to control; “#P < 0.001, compared to

OGDI/R; #p < 0.01, %% < 0.001, compared to si-CASCI5.

and it was inversely proportional to the expression of
CASCI15 in AIS patients, suggesting the opposite function
of miR-338-3p and CASC15 in AIS. These findings were
further confirmed by the result obtained by Teng et al,
which gives the decreased expression of miR-338-3p in
patients with acute cerebral infarction, a higher risk of
AIS.* Additionally, the miR-338-3p mediated the func-
tion of CASCI15 on the viability, apoptosis, and inflamma-
tion of SH-SYS5Y cell models, providing CASC15 exerted
regulatory effects per sponging miR-338-3p. In research
about osteosarcoma, CASC15 controls osteosarcoma cell
biological progression by functioning as a sponge of miR-
338-3p.%°

ETSI1, namely ETS proto-oncogene 1 is reported as
a mediator in neuroinflammatory progression. In a study
conducting CI/R rat models, ETS1 expresses highly in the

31

hippocampus and regulates neuronal apoptosis.” In

several disorders, ETS1 is identified to be a downstream
targeting component of miR-338-3p, like bladder cancer
and clear cell renal cell carcinoma.***® We predicted
ETS1 might be a direct gene of miR-338-3p and the results
of the luciferase report assay further determined the pre-
vious conjecture. One limitation of this investigation was
no further mechanism of ETSI.

Conclusion

To sum up, elevated levels of CASC15 were found in the
AIS patients and it was closely associated with NIHSS
scores. CASC15 might function as an indicative biomarker
in distinguishing AIS patients. MiR-338-3p, a ceRNA of
CASCI15, was expressed at a lower level in AIS patients.
As expected, there was a negative correlation between
CASCI15 and miR-338-3p. In vitro conclusion substan-
tiated silenced CASC15 could mitigate the damage of
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OGD/R on cell viability, cell apoptosis, and inflammation
responses through accommodating miR-338-3p/ETS1

axis.
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