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ABSTRACT ARTICLE HISTORY
Oxidative stress and inflammation are implicated in the pathogenesis of cerebral ischemia- Received 13 October 2021
reperfusion (I/R) injury. SETD7 (SET Domain Containing 7) functions as a histone lysine methyltrans- ~ Revised 17 February 2022
ferase, participates in cardiac lineage commitment, and silence of SETD7 exerts anti-inflammatory or ~ Accepted 18 February 2022

antioxidant capacities. The effect of SETD7 in in vitro cell model of cerebral I/R injury was investi- KEYWORDS
gated in this study. Firstly, adrenal pheochromocytoma cell (PC12) was conducted with oxygen- SETD7: OGD/R;
glucose deprivation/reoxygenation (OGD/R) to establish cell model of cerebral I/R injury. OGD/ inflammation; oxidative

R-enhanced SETD7 expression in PC12 cells. Cell viability of OGD/R-induced PC12 was reduced, stress; PC12 cell; NF-kB;
while the apoptosis was promoted. Secondly, knockdown of SETD7 reversed the effect of OGD/R on Keap1/Nrf2/ARE
cell viability and apoptosis of PC12. Moreover, OGD/R-induced inflammation in PC12 with decreased

interleukin (IL)-10, increased IL-6, IL-1(3, tumor necrosis factor-a (TNF-a), and cyclooxygenase 2 (COX-

2) were restored by knockdown of SETD7. Thirdly, knockdown of SETD7 attenuated OGD/R-induced

decrease of superoxide dismutase (SOD), glutathione peroxidase (GSH-Px), and catalase (CAT), as

well as increase of malondialdehyde (MDA) and reactive oxygen species (ROS) in PC12. Lastly, OGD/

R-induced decrease of NF-kB inhibitor a (IkBa), increase of phosphorylated (p)-p65, p-lkBa, and

Keap1 (Kelch-like ECH-associated protein 1) were reversed by silence of SETD7. Silence of SETD7

increased heme oxygenase-1 (HO-1) and nuclear factor erythroid 2-related factor 2 (Nrf2) expression

in OGD/R-induced PC12. In conclusion, suppression of SETD7 ameliorated OGD/R-induced inflam-

mation and oxidative stress in PC12 cell through inactivation of NF-kB and activation of Keap1/Nrf2/

ARE pathway.
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Introducti
niroduction five million people died from stroke injury [2].

Ischemic stroke is a common clinical cerebrovas-  Under the ischemic condition, brains could not
cular disease [1]. Around 150,000 people suffer  get enough energy supply, including blood and
from the stroke injury every year, and nearly  oxygen, for biosynthesis, cell membrane structures
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maintenance, and proper function of enzymes,
thus resulting in neurological damages [3]. To
date, restoration of blood and oxygen supply to
the ischemic brain tissues has been considered to
be the primary concern in clinical treatment of
ischemic stroke [2]. However, blood and oxygen
supply might cause pathological damage in the
ischemic tissue, leads to irreversible cerebral I/R
injury [4]. Therefore, protection of neural cells
against I/R-induced damage might be beneficial
for the treatment of stroke therapies [5].

The basic mechanism of cerebral I/R injury has
not been fully elucidated. Study has shown that
oxidative stress caused by large amount of free
radical production and reduced free radical
scavenging ability after reperfusion is the critical
regulator of cerebral I/R injury [6]. Excessive oxi-
dative stress could lead to lipid peroxidation, pro-
tein nitrification, nucleic acid damage, and severe
inflammation of nerve cell membranes and orga-
nelles [6]. Therefore, effective strategies to prevent
oxidative stress and inflammatory response show
beneficial effects on inhibiting cerebral I/R
injury [7].

SETD7 (SET Domain Containing 7) functions
as a lysine methyltransferase specifically catalyze
the demethylation of H3K4mel [8]. SETD7 has
been reported to be related to various signaling
or disease pathways [9]. For example, SETD7
interacted with cofactors involved in the cardio-
myocyte differentiation, thus potentiating cardiac
lineage commitment [10]. SETD7 also methylated
Tau during the development of Alzheimer’s dis-
ease [11]. SETD7 regulated expression of inflam-
matory cytokines to be involved in chronic
constriction injury-induced neuropathic pain
[12]. Inhibition of SETD?7 also promoted function
of mitochondria antioxidant system, thus partici-
pating in reactive oxygen species-associated dis-
eases [13]. Moreover, SETD7 was overexpressed
in rat cardiocytes induced by hypoxia and reoxy-
genation, and suppression of SETD7 reduced
accumulation of reactive oxygen species sup-
pressed cell apoptosis to prevent myocardial ische-
mia/reperfusion injury [14]. However, the
neuroprotective effect of SETD7 silence on I/R
injury has not been fully understood.

In this study, we hypothesized that SETD7
might contribute to OGD/R-induced cytotoxicity

in neurons. The effects of SETD7 on OGD/
R-induced apoptosis, oxidative stress, and inflam-
mation of neural cells were investigated. The
underlying mechanism involved in SETD7-
mediated OGD/R-induced neuronal cytotoxicity
might provide potential therapeutic strategy for
ischemic stroke.

Materials and methods
Cell culture, treatment and transfection

The PC12 cells were purchased from American
Type Culture Collection (Manassas, VA, USA),
and cultured in Dulbecco’ s modified eagle med-
ium with 10% fetal bovine serum (Invitrogen,
Grand Island, NY, USA). For establishment of
ischemia-like condition, cells in glucose-free med-
ium exposed to hypoxia condition: 1% O,, 5%
CO,, and 94% N, for 4 hours. Cells were then
incubated with normal culture medium with
4.5 g/L glucose and reoxygenated for another
24 hours before functional assays according to
previous study [15]. The PC12 cells were seeded
in a 96-well plate, and then transfected with 50 nM
siRNA targeting SETD7 (si-SETD7) or the nega-
tive control (si-NC) by Lipofectamine 2000
(Invitrogen). Cells were then subjected to OGD/R
24 hours later.

Quantitative real-time polymerase chain reaction
(QRT-PCR)

RNAs were isolated from PC12 cells using Trizol
(Invitrogen), and then reverse-transcribed into
cDNAs. The ¢cDNAs were used as a template for
gRT-PCR analysis of SETD7 by SYBR Green
Master (Roche, Mannheim, Germany) under
Applied Biosystems 7500 Real-Time PCR System
(Applied Biosystems, Foster City, CA, USA)
according to previous study [16]. The following
primers: SETD7 (forward: 5-GGGCCAGCCCAG
GAGTACGA-3’; reve-rse: 5-TTTGACCACAGG
GGCAGGAA-3’), Keapl (forward: 5-CAACTTCG
CTGAGCAGATTGGC-3’; reverse: 5-TGATGAGG
GTCACCAGTTGGCA-3’), Nrf2 (forward: 5-GAG
AGCCCAGTCTTCATTGC-3’; reverse: 5-TGCTC
AATGTCCTGTTGCAT-3), HO-1 (forward: 5-
ATGGCCTCCCTGTACCACATC-3; reverse: 5-



TGTTGCGCTCAATCTCCTCCT-3’), and GAPDH
(forward: 5-CTCTGCTCCTCCTGTTCGAC-3’; re-
verse: 5-GCGCCCAATACGACCAAATC-3’) were
used in this study.

Cell viability and apoptosis assays

PC12 cells with indicated treatment and transfec-
tions were seeded in a 96-well plate for 48 hours.
MTT solution (Dojindo, Tokyo, Japan) was added
into each well and incubated for 4 hours.
Absorbance at 570 nm was measured by Thermo
Multiskan MK3 (Thermo Fisher Scientific Inc,
Waltham, MA, USA) followed by incubation with
dimethyl sulfoxide. For cell apoptosis, PC12 was
harvested, and suspended in binding buffer of
ApoDETECT Annexin V-FITC Kit (Thermo
Fisher Scientific Inc). The apoptotic cells were
analyzed by FACS flow cytometer (Attune, Life
Technologies, Darmstadt, Germany) followed by
staining with Annexin V-FITC and PI (Thermo
Fisher Scientific Inc) according to previous
study [15].

ELISA and ROS measurement

PC12 was lysed in RIPA lysis buffer (Beyotime
Institute of Biotechnology, Beijing, China), and
then centrifuged at 12000 g for the collection of
cell culture supernatants. Protein concentrations
were determined by BCA Protein Assay Kit
(Nanjing Jiancheng Bioengineering Institute,
Nanjing, China). Levels of IL-10, IL-6, IL-1p,
TNF-a, and COX-2, as well as MDA, SOD, GSH-
Px, and CAT, were analyzed by commercial kits
(Nanjing Jiancheng Bioengineering Institute)
according to previous study [16]. For the determi-
nation of ROS production, PC12 cells were incu-
bated with dichlorofluoresceindiacetate (10 pM;
Thermo Fisher Scientific Inc). Fluorescence spec-
trophotometer (BioTek, Winooski, VT, USA) was
used to calculate the fluorescence intensity.

Western blot

Protein were separated by SDS-PAGE, and then
transferred onto polyvinylidene difluoride mem-
brane. The membrane was blocked, and probed
with primary antibodies: anti-Bax and anti-Bcl-2
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(1:2000; Abcam, Cambridge, MA, USA), antic-

leaved caspase-3 and anti-GAPDH (1:2500;
Abcam), anti-p65 and anti-p-p65 (1:3000;
Abcam), anti-IkBa and anti-p-IkBa (1:3500;
Abcam), anti-Keapl and anti-HO-1 (1:4000;

Abcam), anti-Nuclear Nrf2, and anti-Lamin Bl
(1:4500; Abcam). Followingly, the protein blots in
the membrane were incubated with the corre-
sponding secondary antibody (1:5000; Abcam)
and visualized by ECL Western blotting Substrate
Kit (AmyJet Scientific, Wuhan, China).

Statistical analysis

All the data were expressed as mean + S.D., and
analyzed by student’s t test or one-way analysis of
variance under SPSS. A p value of < 0.05 was
considered as statistically significant.

Results

Knockdown of SETD7 increased cell viability of
OGD/R-induced PC12

Expression level of SETD7 in response to OGD/R
was detected to explore the relation between
SETD7 and cerebral I/R injury. Data from qRT-
PCR (Figure 1(a)) and Western blot (Figure 1(b))
showed that SETD7 was upregulated in OGD/
R-induced PCI12. Transfection with si-SETD7
reduced expression of SETD7 in OGD/R-induced
PC12 (Figure 1(c,d)). Knockdown of SETD7 pro-
moted neural survival in response to OGD/R
(Figure 1(e)), suggesting the proliferative effect of
SETD?7 silence against OGD/R-induced PC12.

Knockdown of SETD7 suppressed inflammatory
response in OGD/R-induced PC12

The effect of SETD7 on inflammation of OGD/
R-induced PC12 was investigated. Expression level
of IL-10 was reduced in OGD/R-induced PC12,
while IL-6, IL-1p, TNF-a, and COX-2 were
enhanced in PCl12 post OGD/R treatment
(Figure 2). Moreover, knockdown of SETD7 atte-
nuated OGD/R-induced decrease of IL-10,
increase of IL-6, IL-1P, TNF-a, and COX-2 in
PC12 (Figure 2). However, over-expression of
SETD7 enhanced levels of IL-6, IL-1p, TNF-a in
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Figure 1. Knockdown of SETD7 increased cell viability of OGD/R-induced PC12 (a) mRNA expression of SETD7 was increase in OGD/
R-induced PC12. (b) Protein expression of SETD7 was increase in OGD/R-induced PC12. (c) Transfection with si-SETD7 reduced
expression of SETD7 in OGD/R-induced PC12. (d) Transfection with si-SETD7 reduced protein expression of SETD7 in OGD/R-induced
PC12. (e) Knockdown of SETD7 promoted cell viability of OGD/R-induced PC12. # vs. OGD/R+ siNC, p < 0.05. ** vs. control, p < 0.01.
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Figure 2. Knockdown of SETD7 suppressed inflammatory response in OGD/R-induced PC12 Knockdown of SETD7 attenuated OGD/
R-induced decrease of IL-10, increase of IL-6, IL-1B, TNF-a, and COX-2 in PC12. #, ## vs. OGD/R+ siNC, p < 0.05, p < 0.01. ** vs.

control, p < 0.01.



OGD/R-induced PC12 (Supplemental Figure
S1A), demonstrating anti-inflammatory effect of
SETD?7 silence against OGD/R-induced PC12.

Knockdown of SETD7 suppressed oxidative stress
in OGD/R-induced PC12

The effect of SETD7 on oxidative stress of OGD/
R-induced PC12 was investigated. In addition to the
proliferative and anti-inflammatory effects, enhanced
MDA, as well as reduced SOD, GSH-Px, and CAT, in
OGD/R-induced PC12 were restored by knockdown
of SETD7 (Figure 3(a)). In addition, knockdown of
SETD?7 reversed the promotive effect of OGD/R on
ROS level (Figure 3(b)), while over-expression of
SETD7 enhanced levels of MDA (Supplemental
Figure S1B) and ROS (Supplemental Figure S1C) in
OGD/R-induced PC12, indicating antioxidant effect
of SETD7 silence against OGD/R-induced PC12.

Knockdown of SETD7 suppressed cell apoptosis
of OGD/R-induced PC12

The effect of SETD7 on cell apoptosis of OGD/
R-induced PC12 was investigated. Cell apoptosis
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of PC12 was promoted by OGD/R condition
(Figure 4(a)), while suppressed by silence of
SETD7 (Figure 4(a)). Silence of SETD7 attenuated
OGD/-induced decrease of Bcl-2, increase of Bax
and cleaved caspase-3 in PC12 (Figure 4(b)).
However, overexpression of SETD7 enhanced cell
apoptosis of OGD/R-induced PC12 (Supplemental
Figure S1D), revealing antiapoptotic effect of
SETD?7 silence against OGD/R-induced PC12.

Knockdown of SETD7 inhibited NF-kB and
activated Keap1/Nrf2/ARE pathways in OGD/
R-induced PC12

The mechanism involved in SETD7-mediated
OGD/R-induced PC12 was investigated. Protein
expression of IkBa was down-regualted by OGD/
R condition in PCI12 (Figure 5(a)). Moreover,
phosphorylated p65 (p-p65) and p-IxBa were up-
regulated in OGD/R-induced PC12 (Figure 5(a)),
showing that OGD/R induced activation of NF-kB
in PCI12. However, interference of SETD7
enhanced IkBa, reduced p-p65, and p-IkBa to
suppress activation of NF-kB in OGD/R-induced
PC12 (Figure 5(a)). Silence of SETD7 counteracted
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Figure 3. Knockdown of SETD7 suppressed oxidative stress in OGD/R-induced PC12. (a) Knockdown of SETD7 attenuated
OGD/R-induced enhance of MDA, reduce of SOD, GSH-Px, and CAT in PC12. (b) Knockdown of SETD7 attenuated OGD/
R-induced enhance of ROS in PC12. #, ## vs. OGD/R+ siNC, p < 0.05, p < 0.01. **, *** ys_ control, p < 0.01, p < 0.001.
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Figure 4. Knockdown of SETD7 suppressed cell apoptosis of OGD/R-induced PC12. (a) Silence of SETD7 attenuated OGD/-induced
increase of cell apoptosis in PC12. (b) Silence of SETD7 attenuated OGD/-induced decrease of Bcl-2, increase of Bax and cleaved
caspase-3 in PC12. #4, ### vs. OGD/R+ siNC, p < 0.01, p < 0.001. **, *** ys, control, p < 0.01, p < 0.001.

with the promotive effect of OGD/R on expression
of Keapl (Figure 5(b,c)). Expression of HO-1 and
nuclear Nrf2 were up-regulated in OGD/
R-induced PC12 (Figure 5(b,c)), showing that
silence of SETD7 promoted activation of Keapl/
Nrf2/ARE pathway in OGD/R-induced PC12.

Discussion

Post-translational modifications, such as histone
methylation, were implicated in the pathogenesis of
I/R-induced injuries [17]. For example, ischemic
stroke-induced oxidative stress in neurons, and the
oxidative stress-modulated epigenetic regulation,
such as DNA methylation and histone modification,
in neural networks influenced the redox system in
neurons and induced cell damages [18]. Inhibition of
histone methyltransferases has been shown to pro-
tect neurons against cerebral ischemia injury [19].
Since SETD7 was implicated in the pathogenesis of
myocardial ischemia/reperfusion injury [14], the
effect of SETD7 on OGD/R-induced PC12 was
investigated in this study.

Firstly, PC12 was conducted with OGD/R con-
dition to mimic the in vitro I/R pathological

process [20]. In line with previous study that
SETD7 was upregualted in hypoxia/reoxygena-
tion-induced cardiomyocytes [14], OGD/R condi-
tion also upregulated SETD7 in PC12. During the
initiation of ischemia/reperfusion injury, cell
apoptosis was promoted in the ischemic areas to
induce cerebral ischemic damage [21]. Alleviation
of I/R-induced cell apoptosis attenuated the cere-
bral damages [22]. Overexpression of SETD7 has
been shown to promote hypoxia/reoxygenation-
induced cell apoptosis of cardiomyocytes [14].
Functional assays in this study showed that silence
of SETD7 attenuated OGD/R-induced decrease of
cell viability and increase of cell apoptosis in PC12,
suggesting the antiapoptotic effect of SETD7
silence against OGD/R-induced PC12.

Previous study has shown that reperfusion
induces cascade amplification of inflammatory
responses in ischemic tissues, such as activation
of inflammatory cells, secretion of proinflamma-
tory cytokines, and sequestration of immunocytes,
to exacerbate the injury [21]. Therapeutic strate-
gies to prevent inflammation were considered to
be an effective treatment of ischemic stroke [23].
TNF-a-induced inflammation in airway smooth
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Figure 5. Knockdown of SETD7 inhibited NF-«kB and activated Keap1/Nrf2/ARE pathways in OGD/R-induced PC12. (a) Knockdown of
SETD7 attenuated OGD/R-induced decrease of IkBa, increase of p-p65 and p-IkBa in PC12. (b) Silence of SETD7 reduced Keap1
protein, enhanced protein expression of HO-1 and nuclear Nrf2 in OGD/R-induced PC12. (c) Silence of SETD7 reduced Keap1 mRNA,
enhanced mRNA expression of HO-1 and nuclear Nrf2 in OGD/R-induced PC12. #, ##, ### vs. OGD/R+ siNC, p < 0.05, p < 0.01,

p < 0.001. *, ** *** ys_control, p < 0.05, p < 0.01, p < 0.001.

muscle cells were promoted by SETD7 [24]. Our
results showed that knockdown of SETD7 attenu-
ated OGD/R-induced decrease of IL-10, increase
of IL-6, IL-1B, TNF-a, and COX-2 in PCI12,
demonstrating anti-inflammatory effect of SETD7
silence against OGD/R-induced PC12. Moreover,
NF-kB, important for inflammatory response, was
increased in the cortex post ischemia reperfusion
injury [25]. Suppression of NF-kB pathway pre-
vented cerebral I/R injury [25]. Activation of NF-
kB was repressed by silence of SETD7, and block

of NF-xB abrogated the effect of SETD7 on
inflammation of TNF-a-induced airway smooth
muscle cells [24]. Our results showed that knock-
down of SETD?7 increased protein expression of
IxkBa, decreased p-p65, and p-IkBa to suppress
activation of NF-xB in OGD/R-induced PC12.
Production of ROS induced by reperfusion-
induced lipid peroxidation, inflammation, and cell
apoptosis, thus aggravating the ischemic injury [23].
Overexpression of SETD7 promoted the accumula-
tion of ROS in hypoxia/reoxygenation-induced
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cardiomyocytes [14]. Dichlorofluorescein diacetate is
cell permeable and shows low fluorescence.
Dichlorofluorescein diacetate is cleaved by intracellu-
lar esterases, and then oxidized into DCF with highly
fluorescence by ROS. Therefore, the fluorescence of
DCEF was regarded as indicator of ROS level [26]. The
fluorescence of DCF in PC12 was upregulated by
OGD/R, and knockdown of SETD7 reduced the
fluorescence of DCF in OGD/R-induced PC12 to
reduce ROS. Oxidative stress was also expected to be
a target for the treatment of cerebral I/R injury [23].
Levels of MDA in OGD/R-induced PC12 was upre-
gulated, while SOD, GSH-Px and CAT were down-
regulated by knockdown of SETD7. Keapl is
a negative regulator of Nrf2 through ubiquitination
and degradation, Nrf2 translocates into nucleus after
dissociation with Keapl to promote activation of anti-
oxidant enzymes through binding to the antioxidant
responsive elements [27]. Activation of Keapl/Nrf2/
HO-1 pathway protected against oxidative stress and
exerted neuroprotection for stroke [28]. Silence of
SETD?7 has been shown to decrease Keap1 expression,
increase Nrf2 and HO-1 to prevent hypoxia/reoxy-
genation-induced injury [14]. Our results also showed
that knockdown of SETD7 reduced Keap1 expression,
enhanced Nrf2 and HO-1 to ameliorate OGD/
R-induced oxidative stress in PC12.

Conclusion

In summary, our results demonstrated that knock-
down of SETD7 exerted antiapoptotic effect
against OGD/R-induced PC12. Moreover, OGD/
R-induced oxidative stress and inflammation were
suppressed by silence of SETD7 through activation
of Keapl/Nrf2/HO-1 pathway and inactivation of
NF-kB pathway, respectively. Therefore, SETD7
might serve as a potential target for ischemic
injury, that needs to further investigated in the
in vivo animal model.

Highlights

Knockdown of SETD7 protected PC12 against OGD/
R-induced cytotoxicity.

Knockdown of SETD7 suppressed inflammatory response
and oxidative stress in OGD/R-induced PCI12.

Knockdown of SETD7 mediated NF-kB and Keap1/Nrf2/
ARE pathways in OGD/R-induced PC12.
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