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S100a8 silencing attenuates inflammation, oxidative stress and
apoptosis in BV2 cells induced by oxygen-glucose deprivation
and reoxygenation by upregulating GAB1 expression
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Abstract. S100a8 serves an important role in cell differentia-
tion and is abnormally expressed in common tumors, but there
are few studies on the association between S100a8 and brain
I/R injury. The present study aimed to investigate the role
of S100a8 in oxygen-glucose deprivation and reoxygenation
(OGD/R)-induced BV2 microglia cell injury, and to elucidate
the potential underlying molecular mechanisms. BV2 cells
were exposed to OGD/R to mimic ischemia/reperfusion (I/R)
injury in vitro. S100a8 expression was detected via reverse
transcription-quantitative PCR and western blot analyses.
Following transfection with short hairpin RNAs targeting
S100a8, the levels of inflammatory cytokines and oxidative
stress-related factors were determined using commercial Kits.
Apoptosis was assessed using flow cytometric analysis and
the expression levels of apoptosis-related proteins were deter-
mined using western blot analysis. Subsequently, the mRNA
and protein levels of Grb2-associated binder 1 (GAB1) were
assessed following S100a8 silencing. Immunoprecipitation
(IP) was performed to verify the association between S100a8
and GABI. The levels of inflammation, oxidative stress and
apoptosis were assessed following GABI silencing, along with
S100a8 silencing in BV2 cells subjected to OGD/R. The results
indicated that exposure to OGD/R markedly upregulated
S100a8 expression in BV2 cells. S100a8 silencing inhibited
inflammation, oxidative stress and apoptosis, accompanied
by changes in the expression of related proteins. The IP assay
revealed a strong interaction between GAB1 and S100a8.
In addition, GABI silencing reversed the inhibitory effects
of S100a8 silencing on inflammation, oxidative stress and
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apoptosis in OGD/R-stimulated BV2 cells. Taken together, the
results of the present study demonstrated that S100a8 silencing
alleviated inflammation, oxidative stress and the apoptosis
of BV2 cells induced by OGD/R, partly by upregulating the
expression of GABI. Thus, these findings may potentially
provide a novel direction to develop therapeutic strategies for
cerebral I/R injury.

Introduction

Neonatal hypoxic-ischemic encephalopathy (HIE) refers to the
clinical symptoms of hypoxic-ischemic damage to the brain
caused by asphyxia during the perinatal period, which is asso-
ciated with a high morbidity worldwide of ~737 per 100,000
in 2015 (1-3). Ischemia/reperfusion (I/R)-induced brain
injury is one of the most common causes of neonatal brain
injury (4). It arises from the temporary interruption of blood
supply followed by the recovery of perfusion and concomitant
reoxygenation, which exacerbates the dysfunction and leads to
damage to the brain parenchyma (5). This disease is life threat-
ening to the newborn and one of the most common causes of
neonatal disability affects ~5,000-20,000 infants per year in
Europe (1-4/1,000 live births in high-income countries) and
~1,000,000 infants per year worldwide (6,7). Although several
efforts have been made to determine the underlying mecha-
nisms of cerebral I/R injury, the precise molecular mechanisms
remain largely unknown. Thus, a better understanding of the
disease is imperative in order to aid the identification of novel
targets for the development of effective therapies.

A number of studies have demonstrated that rapid reper-
fusion possesses the ability to rescue dying cells in ischemic
areas; however, it also results in the excessive release of inflam-
matory mediators and the formation of oxidative stress, which
together, contribute to the exacerbation of brain injury (8,9).
Increasing evidence suggests that both inflammation and
oxidative stress accelerate neuronal apoptosis in the develop-
ment of cerebral I/R injury (10,11).

S100a8 (also known as calgranulin A or migration inhibi-
tory factor-related protein 8) is a member of the S100 protein
family of calcium-modulated proteins (12). It is well known
that S100a8 is involved in the pathobiology of inflammatory
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disorders (13). S100a8 is highly expressed in the brains of mice
following focal cerebral I/R injury (14). Increasing evidence
suggests that S100a8/a9 genes are significantly upregulated
during the early stages of myocardial I/R injury (15,16).
Notably, S100a8/a9 plays a vital role in regulating
macrophage-mediated renal repair following I/R (17). The
Search Tool for the Retrieval of Interacting Genes/Proteins
(STRING) http://string-db.org/cgi/input.pldatabase revealed
that Grb2-associated binder 1 (GABI1), an intracellular
scaffolding adaptor (18), may interact with S100a8 (15). In
addition, increasing evidence suggests that GABI protects
against myocardial I/R injury and oxidative stress in cardio-
myocytes (19,20). Activation of the GABI1/Src/p-catenin
signaling pathway may protect the integrity of the blood-brain
barrier following cerebral hemorrhage (21). Thus, the function
of S100a8 in cerebral I/R injury, and whether it can protect
against this disease by regulating GABI expression, has
attracted research interest.

In the present study, oxygen-glucose deprivation and
reoxygenation (OGD/R)-induced BV2 cell injury were used
to mimic a model of cerebral I/R injury in vitro. The effects
of S100a8 on inflammation, oxidative stress and the apoptosis
of BV2 cells, and its potential molecular mechanisms were
investigated. Taken together, the results of the present study
may provide a novel therapeutic target for cerebral I/R injury.

Materials and methods

Cells and cell culture. The murine microglia cell line, BV2,
was provided by the China Center for Type Culture Collection
and maintained in Dulbecco's modified Eagle's medium
(DMEM; Thermo Fisher Scientific, Inc.) supplemented with
10% fetal bovine serum (Gibco; Thermo Fisher Scientific,
Inc.). BV2 cells were cultured in a 95% air/5% CO, incubator
at 37°C, at saturated humidity.

Prediction of target genes. Search tool for recurring instances
of neighboring genes (STRING) database (https://string-db.
org/cgi/input.pl; version 11.0) was used. STRING is an
open-source platform for studying the miRNA-ncRNA,
miRNA-mRNA, ncRNA-RNA, RNA-RNA, RBP-ncRNA and
RBP-mRNA interactions from CLIP-seq, degradome-seq and
RNA-RNA interactome data.

Cell transfection. Short hairpin (sh)RNAs targeting S100a8
(shRNA-S100a8-1 and shRNA-S100a8-2; 500 ng/ul; 50 nmol),
scrambled negative control (NC) shRNA, small interfering
(si)RNA against GAB1 and scrambled siRNA-NC were
purchased from Shanghai GenePharma Co., Ltd. BV2 cells
were seeded into 6-well plates (with DMEM) at a density
of 1x106 cells/well 24 h prior to transfection at 37°C for 6 h.
Lipofectamine® 3000 reagent (Invitrogen; Thermo Fisher
Scientific, Inc.) was used to perform transfection. Transfection
efficiency was assessed using reverse transcription-quantitative
(RT-q) PCR and western blot analyses 24 h post-transfection.

OGDI/R treatment. OGD/R was performed to generate I/R
models in vitro. BV2 cells were seeded into 95-cm cell culture
dishes at a density of 1x10° cells/well and incubated at 37°C for
6 h. To mimic OGD/R injury, cells in the logarithmic growth

phase were cultured in glucose-free DMEM and placed in
a hypoxic chamber (Thermo Fisher Scientific, Inc.) supple-
mented with a gas mixture of 1% O,,94% N, and 5% CO,
at 37°C for 6 h. OGD was terminated by restoration with
high-glucose DMEM and incubation under normoxic condi-
tions (95% air and 5% CO,) at 37°C for 12 h. BV2 cells without
any treatment were used as a control.

Flow cytometric analysis of apoptosis. Apoptosis was
detected using an apoptosis detection kit (cat. no. KGA102,
Nanjing KeyGen Biotech Co., Ltd.). Following transfection
for 24 h, following the manufacturer's manual, BV2 cells
were stained with Annexin V-fluorescein isothiocyanate and
propidium iodide at room temperature in the dark for 15 min.
Apoptosis cells were subsequently analyzed using a flow
cytometer (BD Biosciences) and FlowJo software version 7.6.5
(FlowJo LLC).

Immunoprecipitation (IP) assay.BV2 cells (1x107) were washed
in 2 ml PBS (Beyotime Institute of Biotechnology) and centri-
fuged at 850 x g at room temperature for 5 min to collect the
cells. OGD/R-exposed BV2 cells were lysed using lysis buffer
for IP (Beyotime Institute of Biotechnology). Lysates were
incubated with the indicated antibodies S100a8 (cat. no. 73425;
1:1,000 dilution), GAB-1 (cat. no. 12747; 1:1,000 dilution)
and control 1gG for 1 ug plus Protein A/G beads (Santa Cruz
Biotechnology, Inc.) at 4°C for 2 h. The beads were washed with
PBS (Beyotime Institute of Biotechnology) three times and the
immunoprecipitants were assessed via western blot analysis.

Concentrations of inflammatory cytokines. Culture medium
(the supernatant) was collected at the end of the reoxygenation
stage. The levels of inflammatory cytokines, including tumor
necrosis factor-a (TNF-q; cat. no. F11632), interleukin (IL)-1f
(cat. no. F10770) and IL-6 (cat. no. F10830) were assessed in
the culture supernatant using enzyme linked immunosorbent
assay kits (Shanghai Westang Bio-Tech Co., Ltd).

Detection of oxidative stress-related markers. After 12 h of
reoxygenation, the culture supernatant was harvested. The
concentration of malondialdehyde (MDA cat. no. A003-4-1),
as well as the activities of superoxide dismutase (SOD;
cat. no. A0O1-3-2) and glutathione peroxidase (GSH-Px;
cat. no. A005-1-2) were determined using chemical colo-
rimetric detection kits (Nanjing Jiancheng Bioengineering
Institute), according to the manufacturer's instructions.

RT-gPCR. Following the different treatments, total RNA
was extracted from BV2 cells using TRIzol® reagent
(Invitrogen; Thermo Fisher Scientific, Inc.). Total RNA
was reverse transcribed into cDNA using PrimeScript RT
reagent (Thermo Fisher Scientific, Inc.). Following the manu-
facturer's protocols, Using SuperScript™ III Platinum™
One-Step qRT-PCR kit (Thermo Fisher Scientific, Inc.;
cat. no. 11732020) amplification reactions were initially incu-
bated at 94°C for 5 min, followed by 35 cycles of 94°C/30 sec,
54°C/30 sec, and 72°C/20 sec with a final extension at 72°C
for 2 min. Thermocycling conditions of the qPCR were:
5 min at 95°C, with 40 cycles for 30 sec at 95°C and 45 sec
at 65°C. Gene expression was quantified using the ABI 7500
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Figure 1. S100a8 is highly expressed in OGD/R-exposed BV2 cells. (A) RT-qPCR and (B) western blot analyses were performed to determine S100a8
expression in BV2 cells following exposure to OGD/R. (C) RT-qPCR and (D) western blot analyses were performed to determine S100a8 expression in
BV2 cells following transfection with siRNA-S1002a8-1 or shRNA-S100a8-2. “P<0.01 and ““P<0.001 vs. the control. OGD/R, oxygen-glucose deprivation and
reoxygenation; RT-qPCR, reverse transcription-quantitative PCR; sh, short hairpin; NC, negative control.

PCR system (Applied Biosystems; Thermo Fisher Scientific,
Inc.). The following primer sequences were used for qPCR:
S100A8 forward, 5'-AAATCACCATGCCCTCTACAAG-3'
and reverse, 5-CCCACTTTTATCACCATCGCAA-3'"; GABI1
forward, 5'-GTTGATGCTGGGTTGACATTCA-3"' and
reverse, 5'-GAAAATCCGGTCGATGGTGTT-3"; cyclooxy-
genase-2 (COX-2) forward, 5~ ACGGTCCTGAACGCATTT
ATG-3' and reverse, 5S"TTGGCCCCATTTAGCAATCTG-3";
induced nitric oxide synthase (iNOS) forward, 5'-CTCTTC
GACGACCCAGAAAAC-3" and reverse, 5'-CAAGGC
CATGAAGTGAGGCTT-3"; and GAPDH forward, 5'-TTG
TCATGGGAGTGAACGAGA-3' and reverse, 5'-CAGGCA
GTTGGTGGTACAGG-3'. Relative expression levels were
measured using the 224°4 method (22) and normalized to the
internal reference gene GAPDH.

Western blotting. Following the different treatments,
BV?2 cells were collected and total protein was extracted using
RIPA buffer (Applygen Technologies, Inc.). Total protein was
quantified using the bicinchoninic acid kit (Beyotime Institute
of Biotechnology) and 50 pg protein/lane was separated via
SDS-PAGE and proteins (30 ug/lane) were separated via
SDS-PAGE (15%). The separated proteins were subsequently
transferred onto nitrocellulose membranes (EMD Millipore),
blocked with 5% non-fat milk at room temperature for 2 h and
incubated with primary antibodies at 4°C overnight against:
S100A8 (cat. no. 47310T), GABI1 (cat. no. 3232T), COX-2
(cat. no. 12282T), iNOS (cat. no. 13120S), Src (cat. no. 109381),
B-catenin (cat. no. 32572), Bax (cat. no. 14796S), Bcl-2
(cat. no. 3498T), cleaved caspase-3 (cat. no. 14220T) and
GAPDH (cat. no. 5174T), all at 1:1,000 and purchased from
Cell Signaling Technology, Inc. Following the primary incu-
bation, the membranes were washed with TBS containing
Tween-20 (0.1%) and incubated at room temperature for 1.5 h
with a horseradish peroxidase-conjugated goat anti-rabbit IgG
secondary antibody 1:5,000 (cat. no. SAO0001-9, ProteinTech

Group, Inc.) or goat anti-mouse IgG secondary antibody
1:5,000 (cat. no. SA00001-8, ProteinTech Group, Inc.). Protein
bands were visualized using the Odyssey Western Blot
Analysis system (LI-COR Biosciences) and quantified using
Imagel] software version 7.6.5 (National Institutes of Health).

Statistical analysis. All experiments were performed in tripli-
cate and data are presented as the mean =+ standard deviation.
Statistical analysis was performed using GraphPad Prism 5
software (GraphPad Software, Inc.) and all data are presented as
the mean + SEM. Unpaired two-tailed Student's t-test was used
to compare differences between two groups, while one-way anal-
ysis of variance followed by Tukey's post hoc test was performed
to compare differences between multiple groups. P<0.05 was
considered to indicate a statistically significant difference.

Results

S§100a8 is highly expressed in OGD/R-exposed BV2 cells.
To determine the role of S100a8 in BV2 cells subjected to
OGD/R, RT-gqPCR and western blot analyses were performed
to detect S100a8 expression. The results demonstrated that
S100a8 expression was significantly increased at the tran-
scriptional and post-transcription level following exposure
to OGD/R (Fig. 1A and B). Subsequently, shRNA-S100a8-1
or shRNA-S100a8-2 were transfected into BV2 cells, and
transfection efficiency was assessed via RT-qPCR and western
blot analyses. The results indicated that transfection with
shRNA-S100a8-2 decreased S100a8 expression to a greater
degree than shRNA-S100a8-1 (Fig. 1C and D). Thus, BV2 cells
transfected with shRNA-S100a8-2 were used for subsequent
experimentation.

S$100a8 silencing inhibits inflammation and oxidative stress in
OGDI/R-exposed BV2 cells. As presented in Fig. 2A-C, exposure
to OGD/R significantly increased the contents of inflammatory
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Figure 2. S100a8 silencing suppresses inflammation and oxidative stress in OGD/R-exposed BV2 cells. The expression levels of (A) TNF-a, (B) IL-1p and
(C) IL-6 were assessed using ELISA kits. The concentration of (D) MDA, as well as the activities of (E) SOD and (F) GSH-Px were determined using commer-
cial kits. (G) Western blot and (H) reverse transcription-quantitative PCR analyses were performed to determine the expression of COX-2 and iNOS following
transfection with shRNA-S100a8-2. ““P<0.001 vs. control; “P<0.05, #P<0.01, *#P<0.001 vs. OGD/R + shRNA-NC. OGD/R, oxygen-glucose deprivation
and reoxygenation; TNF-a, tumor necrosis factor a; IL, interleukin; MDA, malondialdehyde; SOD, superoxide dismutase; GSH-Px, glutathione peroxidase;
COX-2, cyclooxygenase-2; iNOS, induced nitric oxide synthase; sh, short hairpin; NC, negative control.

factors, including TNF-a, IL-1p and IL-6, whereas S100a8
silencing inhibited the secretion of the aforementioned factors
compared with the NC group. In addition, commercial kits
were used to determine the levels of oxidative stress-related
markers. The results demonstrated that the concentration of
MDA was notably enhanced, accompanied by the decreased

activities of SOD and GSH-Px in BV2 cells following
exposure to OGD/R; however, these effects were reversed
following transfection with siRNA-S100a8-2 (Fig. 2D-F). To
determine the potential underlying molecular mechanisms,
the expression levels of COX-2 and iNOS were assessed via
western blot and RT-qPCR analyses, respectively. The results
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Figure 3. S100a8 silencing restrains apoptosis in OGD/R-exposed BV2 cells. (A) Apoptosis of BV2 cells was assessed via flow cytometric analysis.
(B) Quantifications of apoptotic rate. (C) Expression of apoptosis-related proteins was assessed via western blot analysis. ““P<0.001 vs. control; *#P<0.01,
##P<0.001 vs. OGD/R + shRNA-NC. OGD/R, oxygen-glucose deprivation and reoxygenation; sh, short hairpin; NC, negative control.
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Figure 4. GABI directly interacts with S100a8. (A) Reverse transcription-quantitative PCR and (B) western blot analyses were performed to determine
GABI expression following transfection with shRNA-S100a8-2. (C) IP was performed in BV2 cells and the immunocomplexes were subjected to western
blot analysis. “"P<0.01, ““P<0.001 vs. control; “P<0.05,”"P<0.01 vs. OGD/R + shRNA-NC. OGD/R, oxygen-glucose deprivation and reoxygenation; GABI,
Grb2-associated binder 1; sh, short hairpin; NC, negative control; IP, immunoprecipitation.

demonstrated that COX-2 and iNOS expression were markedly
upregulated in the OGD/R group compared with the control
group, whereas S100a8 silencing downregulated COX-2 and
iNOS expression (Fig. 2G and H). Taken together, these results
suggest that S100a8 silencing suppresses inflammation and
oxidative stress in OGD/R-exposed BV2 cells.

S100a8 silencing restrains apoptosis in OGD/R-induced
BV2 cells. To investigate the function of S100a8 silencing on
the apoptosis of OGD/R-exposed BV2 cells, flow cytometric
analysis was performed to detect the apoptotic rate. The results
demonstrated that exposure to OGD/R markedly enhanced the
apoptotic rate of BV2 cells relative to the control group, whereas
S100a8 silencing decreased cell apoptosis (Fig. 3A and B).
Consistently, the expression levels of the pro-apoptotic
proteins, Bax and cleaved-caspase-3/pro-caspase-3, were

notably upregulated accompanied by downregulated expres-
sion of the anti-apoptotic protein, Bcl-2, following OGD/R
stimulation; however, these effects were reversed following
transfection with shRNA-S100a8-2 (Fig. 3C). Collectively,
these results suggest that S100a8 silencing inhibits the apop-
tosis of BV2 cells subjected to OGD/R.

GABI directly interacts with S100a8. To further determine the
molecular mechanisms underlying S100a8-mediated inflam-
mation, oxidative stress and the apoptosis of OGD/R-exposed
BV2 cells, the STRING database was used to predict the
potential proteins interacting with S100a8. The results indi-
cated that GABI directly interacts with S100a8. As presented
in Fig. 4A and B, GABI expression markedly decreased in
the OGD/R-exposed group compared with the NC group,
while S100a8 silencing evidently increased GABI expression
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Figure 5. GABI silencing alleviates the inhibitory effects of S100a8 silencing on inflammation and oxidative stress in OGD/R-exposed BV2 cells. (A) RT-qPCR
and (B) western blot analyses were performed to determine GABI expression following transfection with siRNA-GABI-1 or siRNA-GABI1-2. (C) Expression
of downstream targets of GABI, including Src and -catenin was assessed via western blot analysis. Expression levels of (D) TNF-a, (E) IL-1 and (F) IL-6
were determined using ELISA kits. The concentration of (G) MDA, as well as the activities of (H) SOD and (I) GSH-Px were determined using commercial
kits. (J) Western blot and (K) RT-qPCR analyses were performed to determine the expression levels of COX-2 and iNOS. "P<0.05, “P<0.01, “"P<0.001
vs. control; “P<0.05, #P<0.01, *#P<0.001 vs. OGD/R + shRNA-NC; “P<0.05, 24P<0.01, ~*2P<0.001 vs. OGD/R + shRNA-S100a8-2 + siRNA-NC. GABI,
Grb2-associated binder 1; OGD/R, oxygen-glucose deprivation and reoxygenation; RT-qPCR, reverse transcription-quantitative PCR; si, small interfering;
TNF-a, tumor necrosis factor a; IL, interleukin; MDA, malondialdehyde; SOD, superoxide dismutase; GSH-Px, glutathione peroxidase; COX-2, cyclooxy-
genase-2; iNOS, induced nitric oxide synthase; sh, short hairpin; NC, negative control.

compared with the OGD/R-exposed group. The IP assay
confirmed a strong association between GABI1 and S100a8
(Fig. 4C). Taken together, these results suggest that GABI can
directly interact with S100a8 in OGD/R-exposed BV2 cells.

GABI silencing alleviates the inhibitory effects of S100a8
silencing on inflammation and oxidative stress in OGD/R-
exposed BV2 cells. siRNA-GABI1-1 or siRNA-GABI-2
were transfected into BV2 cells and GABI expression was

determined (Fig. 5SA and B). The results demonstrated that
GABI expression was significantly downregulated following
transfection, and that transfection with siRNA-GABI1-1
decreased GABI expression compared with the control group.
Thus, BV2 cells transfected with siRNA-GABI1-1 were used for
subsequent experimentation. The expression of downstream
targets of GABI, including Src and B-catenin was assessed via
western blot analysis. Exposure to OGD/R significantly down-
regulated the expression of both Src and B-catenin compared



MOLECULAR MEDICINE REPORTS 23: 64, 2021 7

A
Control OGDIR OGD/R+shRNA-NC B
410 Q 4 1Q @ 4 {a Q@
R YT 1244 el FEC 155% 10 1200 193%
107 10°
& & =
* 107 4 x I 10% 4 501
& [ [ —_ Ak
1 £ 404
10’ 10" "
o @ gm- 4
o
100 ] 9540 . 51 e : i oo LR 2 204
o w0 0 ' w0 w0 =
& 10
Fl1-H" ANNFXIN-V-FITC FI1-H" ANNFXINVAITE FI1-H ANNFXINVAITE
o4
OGD/R+shRNA-5100a8-2 OGD/R+shRNA-5100a8-2+siRNA-NC  OGD/R+shRNA-5100a8-2+siRNA-GAB1-1 o & (¥ [ O N
s @ o e @ wla @ & 000 & &2 ??:"
! 1% e L% g ERE ) 8530 ¥} ‘\Q.'e“ g"& .\Q.‘\ Y‘Q
. ) & &
10° 10° 4 10° & Q—‘\? o ‘e}%
& & &
z = E ¢ S
£ gl EART E T e $¢ o
1 B L] o
@ @ 2 A
of &
1 1 1 é’ 2
10 10 o 10 0&
[ ] o | o e
10 10 . - w0 J 8 ——
10 10! 10 10 1’ w0 ' 10° 10° 10
FI1-H" ANNFXIN-V-FITC Fl1-H" ANNFXINV-FITE FI 1M ANNEXINAVLFITE
c Bax Bel-2
s 3 £ 15
£33 £ =
S
w8 23
£s, H
£g gg10 s
] ] 33 A
%0 28
g 8% o0s Aa
2z E $s
R £E
=z g o
© 0.0

Bax ‘ -——--l—__‘

N e ——

cleaved-caspase-3 ‘ - D e e —-"

pro-caspase-3 ‘—- J—— _‘

GAPDH | s wes e s s s |

cleaved-caspase-3/pro-caspase-3

%
%
P,
W,
%,
e
%

: ¥ z
& & o5& 5.8 20
o S &8 =
oY & & é@'ﬂ' §8 15
& &F S 1L
& & £z 10
& ‘e‘g- s¢g
@& £ 05
o"é,\ £

[#]
e
o

Figure 6. GABI silencing abrogates the inhibitory effects of S100a8 silencing on the apoptosis of OGD/R-exposed BV2 cells. (A) Apoptosis of BV2 cells
was assessed via flow cytometric analysis. (B) Quantifications of apoptotic rate. (C) The expression of apoptosis-related proteins was assessed via western
blot analysis. ““P<0.001 vs. the control; “#P<0.001 vs. OGD/R + shRNA-NC; “P<0.05, #44P<0.001 vs. OGD/R + shRNA-S100a8-2 + siRNA-NC. GABI,
Grb2-associated binder 1; OGD/R, oxygen-glucose deprivation and reoxygenation; sh, short hairpin; NC, negative control; si, small interfering.

with the control, while S100a8 silencing evidently increased ~ S100a8 silencing on the expression levels of Src and 3-catenin
their expression compared with the NC group (Fig. 5C). (Fig. 5C). In addition, as presented in Fig. 5D-F, GABI1
However, GABI silencing restored the inhibitory effects of  silencing enhanced the expression levels of TNF-a, IL-1§ and
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IL-6 relative to the siRNA-NC group in the OGD/R-exposed
BV2 cells, along with S100a8 silencing. Simultaneously, GAB1
silencing attenuated the effects of S100a8 silencing on the level
of MDA and the activities of SOD and GSH-Px (Fig. 5G-I). As
expected, the expression levels of COX-2 and iNOS markedly
increased following silencing of GABI and S100a8 compared
with S100a8 silencing alone (Fig. 5J and K). Collectively, these
results indicate that GABI silencing abrogates the inhibitory
effects of S100a8 silencing on inflammation and oxidative
stress in OGD/R-exposed BV2 cells.

GABI silencing blocks the inhibitory effects of S100a8
silencing on the apoptosis of OGD/R-exposed BV2 cells.
The results demonstrated that silencing of GABI and
S100a8 promoted the apoptosis of BV2 cells induced
by OGD/R compared with S100a8 silencing alone
(Fig. 6A and B). In addition, the expression levels of Bax and
cleaved-caspase-3/pro-caspase-3 decreased, coupled with
an evident increase in Bcl-2 expression following S100a8
silencing, which was abrogated following transfection with
shRNA-S100a8-2 and siRNA-GABI-1 (Fig. 6C). Taken
together, these results suggest that GABI silencing blocks
the inhibitory effects of S100a8 silencing on the apoptosis of
OGD/R-exposed BV2 cells.

Discussion

Cerebral I/R injury is one of the most common causes of
neonatal brain injury about 1 million or 23% of newborn deaths
worldwide every year (23,24). It arises from the temporary
interruption of blood supply followed by the recovery of perfu-
sion and concomitant reoxygenation, whereby reperfusion
induces neuronal injury in the brain (25). Neuroinflammation
and neuronal apoptosis have been reported to be notably
increased in the processes of I/R, both of which have been
confirmed to play crucial roles in I/R-induced neuronal
damage (26) The results of the present study indicated that
S100a8 was highly expressed in OGD/R-exposed BV2 cells.
Furthermore, S100a8 silencing attenuated OGD/R-induced
inflammation, oxidative stress and the apoptosis of BV2 cells
by upregulating GABI expression.

It is well-known that inflammation and oxidative stress are
closely associated with the progression of I/R-induced multiple
organ injury (27-29). Increasing evidence suggests that inflam-
mation is largely caused by microglia that release cytotoxicity
or pre-inflammatory markers, including TNF-a, IL-1p, IL-6,
COX-2 and iNOS (30-32). The excessive production of reactive
oxygen species (ROS) results in the imbalance of oxidation
and antioxidants in organisms, which plays a catalytic role
in the progression of cerebral I/R injury (33). MDA, the end
product of lipid peroxidation induced by ROS during oxida-
tive stress, causes oxidative damage by destroying multiple
biomacromolecules in biological membranes or organelles,
such as lipids, enzymes and nucleic acids (34,35). In addi-
tion, SOD and GSH-Px, important antioxidant enzymes, can
suppress and attenuate brain tissue injury induced by ROS
cytotoxicity during I/R (36). Previous studies have highlighted
the importance of S100a8 in the pathobiology of inflam-
matory disorders (11,37,38). Treatment with S100a8/a9 has
been demonstrated to markedly increase the secretion of

the aforementioned pro-inflammatory cytokines in cultured
BV2 microglial cells (14). Notably, SIO0A8 induces cytokine
expression via the ROS-dependent activation of NF-«xB (39). A
previous study reported that S100a8 is highly expressed in the
brains of mice following focal cerebral I/R (25). The results
of the present study demonstrated that S100a8 was highly
expressed in OGD/R-exposed BV2 cells. In addition, S100a8
silencing notably decreased the expression levels of inflam-
matory markers, decreased the content of MDA and increased
the activities of SOD and GSH-Px in OGD/R-stimulated
BV2 cells. Collectively, the results of the present study demon-
strated that S100a8-knockdown can effectively attenuate
OGD/R-induced BV2 cell injury by suppressing inflammation
and oxidative stress.

Apoptosis is one of the main forms of cell death following
cerebral I/R (40). Increasing evidence indicates that inflam-
mation and oxidative stress contribute to the apoptosis of
microglia in the development of brain injury induced by
I/R (41,42). Caspase-3, a member of the caspase family, is one
of the key proteins that dominates the apoptotic pathway (43).
The activated expression of caspase-3, considered the ‘golden’
index for the detection of apoptosis, can result in a cascade
of apoptotic reactions (44). Bcl-2 family members also play
an important role in the regulation of apoptosis (45). The
Bcl-2 family is composed of antiapoptotic and proapoptotic
proteins, and Bcl-2 and Bax are the two crucial proteins during
apoptosis (46). Increasing evidence suggests that S100a8 can
induce apoptosis in several cells of different origins such as
skin and cancer cells (47-49). Consistent with previous find-
ings (50,51), the results of the present study indicated markedly
downregulated expression of the proapoptotic proteins, Bax
and cleaved-caspase-3/pro-caspase-3, and upregulated expres-
sion of the antiapoptotic protein, Bcl-2, following S100a8
silencing and OGD/R exposure in BV2 cells, respectively.
Taken together, these results suggest that S100a8 silencing
suppresses the apoptosis of OGD/R-exposed BV2 cells.

The STRING database revealed that GABI interacts with
S100a8. Increasing evidence indicates that GABI1 protects
cardiomyocytes against myocardial I/R injury and oxidative
stress (15). The absence of GABI1 in endothelial cells can
accelerate angiotensin II-dependent vascular inflammation
and aortic atherosclerosis (52). Additionally, activation of
the GABI1/Src/B-catenin signaling pathway can protect the
integrity of the blood-brain barrier following cerebral hemor-
rhage (21). The results of the present study demonstrated that
S100a8 silencing increased GABI1 expression in BV2 cells
exposed to OGD/R. In addition, the IP assay confirmed that
there was a strong association between GAB1 and S100a8.
Notably, GABI-knockdown reversed the effects of S100a8
silencing on inflammation, oxidative stress and apoptosis.
Collectively, these results suggest that S100a8 silencing can
attenuate OGD/R-induced BV2 cell injury by regulating
GABI expression.

In conclusion, the results of the present study demonstrate
that S100a8 silencing alleviates inflammation, oxidative
stress and the apoptosis of BV2 cells induced by OGD/R by
upregulating GABI1 expression. These findings potentially
provide insight into the pathogenesis of cerebral I/R injury
and may also provide a novel direction for the development
of therapeutic strategies for this condition. However, there
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are limitations to the present study. First, it was an in vitro
study and no in vivo experiments were performed and second,
the molecular mechanisms underlying the effects of S100a8
inhibition on BV2 cells function were not fully investigated.
These issues require further in-depth investigations and will
be addressed in future studies.
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