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IKKa contributes to ischemia-induced autophagy after acute
cerebral ischemic injury
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Background: The function of IkB kinase o IKKa) in the brain is largely unknown. This study examined
the effects of IKKa on autophagy after cerebral ischemia.

Methods: Permanent distal middle cerebral artery occlusion (AMCAO) was conducted in C57/BL6 mice.
Oxygen-glucose deprivation/reperfusion (OGD/R) was performed to mimic ischemia injury in neuro-2A
(N2A) cells in vitro. Autophagy activation was assessed by detecting the ratio of microtubule-associated
protein 1 light chain 3p (LC3B)-II/LC3B-I and Cyto-ID autophagic fluorescence. The infarct volume was
verified by 2,3,5-triphenyltetrazolium chloride (T'TC) staining and magnetic resonance imaging (MRI).
Neurological functions were evaluated using the modified Garcia test. Cell death after AMCAO was
confirmed with terminal deoxynucleotidyl transferase (TdT)-mediated dUTP nick end labeling (TUNEL)
assay. To determine the role of IKKa, small interfering RNA (siRNA) was transfected into N2A cells or
injected intracerebroventricularly.

Results: IKKa and LC3B II/T expression levels were increased both in OGD/R treated N2A cells and
dMCAO mice. Under the same conditions, IKKp expression was not altered. IKKo siRNA significantly
decreased the infarct volume and the apparent diffusion coefficient (ADC) related to brain edema, and
promoted the neurological outcomes after AMCAO. Furthermore, inhibition of IKKa attenuated ischemia-
induced the conversion of LC3B I to LC3B II both iz vitro and in vive. In addition, IKKa siRNA alleviated
the formation of autophagic vacuoles and LC3 positive puncta after cerebral ischemia.

Conclusions: These findings indicate that IKKa, but not IKKp, plays a critical role in ischemia-induced
autophagy. Inhibition of IKKa protects the brain from ischemia injury and this may have potential benefits
in stroke therapy.
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Introduction ischemic strokes approved by the American Food and Drug
Administration. However, less than 5% of ischemic patients

Stroke is a leading cause of mortality and disability benefit from tPA therapy due to its narrow therapeutic time

worldwide, placing significant burden on the social window and potential severe adverse events including brain
healthcare system (1). Tissue-type plasminogen activator edema and the risk of hemorrhagic transformation (2,3).
(tPA) is currently the only medical treatment for acute Therefore, novel therapeutic targets for the treatment of

© Annals of Translational Medicine. All rights reserved. Ann Transl Med 2022;10(4):160 | https://dx.doi.org/10.21037/atm-22-517


https://crossmark.crossref.org/dialog/?doi=10.21037/atm-22-517

Page 2 of 11

ischemic injury and its related mechanisms are urgently
being investigated.

The IxB kinase (IKK) complex contains two catalytic
subunits, IKKa and IKKp, that play important roles
in triggering nuclear factor (NF)-kB activation under
physiological and pathological conditions. While IKKa and
IKKP share partial structural similarities, they activate NF-
kB through different mechanisms (4). Notably, both IKKa
and IKKp exert crucial NF-«kB-independent functions
through other substrates, such as c-Fos, p85a, 14-3-
39, silencing mediator for retinoid or thyroid-hormone
receptors (SMRT), mammalian target of rapamycin
(mTOR), steroid receptor coactivator 3 (SRC3), and maspin
(4-7). Together, these studies suggest that both IKKa and
IKKpB may act as multifunctional proteins that trigger a
series of NF-kB-independent signaling events beyond their
well-known functions in the NF-xB pathway. A previous
study has shown that activation of IKKP enhances the
ischemia infarct volume at 48 hours after the onset of
middle cerebral artery occlusion (MCAO) (8). In transient
focal cerebral ischemia, IKKa is involved in oxidative
stress injury and microglial polarization after stroke (9,10).
However, the role of IKKo in permanent cerebral ischemia
remains unclear.

Autophagy is a highly conserved and complex catabolic
process that maintains intracellular homeostasis through
degradation of cytoplasmic components (macromolecules or
damaged organelles) (11,12). Autophagy is generally induced
by stress, such as nutrient starvation, oxygen and energy
deprivation (13,14). Various indicators can be used to detect
autophagic activity, such as the conversion of microtubule
associated protein 1 light chain 3 (LC3) I to LC3 II,
Beclin 1 upregulation, and SQSTM1/p62 degradation.
Among these proteins, LC3 II turnover is the most widely
used maker for autophagosomes (14,15). The role of
autophagy after cerebral ischemia is still controversial (16).
It is reported that autophagy activation alleviated global
ischemia induced neuronal death (17). In cultured cortical
neurons, autophagy inducer rapamycin protected against
neuronal damage after oxygen-glucose deprivation (OGD)
treatment (18). However, inhibition of overactivated
autophagy by Sodium hydrosulfide (NaHS) was reported
to attenuate cerebral ischemia/reperfusion injury (19).
In our study, we proposed that autophagy activation
contributed to permanent cerebral ischemia injury.

In transient cerebral ischemic-reperfusion, autophagy
dependent IKKa degradation is involved in microglial
polarization (10). However, the relationship between IKKa
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and autophagy is unclear after permanent cerebral ischemia.
This current study investigated the potential role of
IKKo in mediating cerebral ischemia injury via regulating
autophagy in a cellular oxygen-glucose deprivation/
reperfusion (OGD/R) model and a permanent cerebral
ischemic mice model. We present the following article in
accordance with the ARRIVE reporting checklist (available
at https://atm.amegroups.com/article/view/10.21037/atm-
22-517/rc).

Methods
Animal models and experimental groups

All experimental procedures were performed under a project
license (No. 201902039) by the Animal Welfare Ethics
Committee of Beijing Neurosurgical Institute and were
performed in accordance with the guidelines of the National
Institutes of Health on the care and use of laboratory
animals. Male C57/BL6 mice were housed individually in
polycarbonate cages in a regular 12-hour light-dark cycle at
22+2 °C.

Distal MCAO (dMCAO) was performed by
electrocoagulation of the distal middle cerebral artery (MCA)
as previously reported (20,21). To confirm the ischemia in
mice, regional cerebral blood flow (rCBF) was detected with
a laser Doppler flowmetry (RWD Life Science, Shenzhen,
China) before and after dMCAO. The body temperature of
the mice was maintained at normothermia during surgery with
a heating pad (RWD Life Science).

A total of 60 mice (age of 8 to 10 weeks) weighed
24+0.5 g were used in this study. The mice were randomly
assigned into four groups, namely, sham (n=10), dMCAO
(n=10), dMCAO + control small interfering RNA (control
siRNA; n=21), dMCAO + IKKa siRNA (n=19). Surgery,
siRNA preparation and administration, outcome assessment,
and data analyses were performed by researchers who
were blinded to the experimental conditions of the mice.
No mice died due to surgery or stroke complications. A
protocol was prepared before the study without registration.

Cell culture and transfection

The mouse neuroblastoma cells neuro-2A (N2A)
were grown in Dulbecco’s modified Eagle’s medium
(DMEM) supplemented with 10% fetal bovine
serum. Cells were transfected with IKKa siRINA
(CCGGGAACUUGAUCUCAAA) or control siRNA
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(UUCUCCGAACGUGUCACGU, GenePharma, Suzhou,
China) using Lipofectamine™ RNAi MAX (Invitrogen,
Waltham, MA, USA) according to the manufacturer’s
instructions.

OGD/R

"To mimic ischemia in vitro, N2A cells were exposed to OGD
for 1 hour, followed by reoxygenation for 24 hours. Briefly,
the culture medium was replaced with glucose-free DMEM
(Gibco, Grand Island, NY, USA) and cells were placed in a
hypoxic chamber (Billups Rothenberg, San Diego, CA, USA)
containing 5% CO,, 0.02% O, and 94.98% N, according
to our previous study (22). After 1 hour of OGD, cells were
maintained in original culture medium for 24 hours. Cells in
the control group were maintained in normal growth medium
under normoxic culture conditions.

Western blot assay

Total proteins were extracted from N2A cells with lysis
buffer or from mice cortex as previously described (23). All
protein blots were probed with primary antibodies against
IKKo, IKKB, microtubule associated protein 1 light chain
3B (LC3B), or actin (1:1,000, Cell Signaling Technology,
Beverly, MA, USA). Protein expression was quantified and
normalized to actin, the loading control.

Cyto-ID autophagy detection

To detect specific autophagic fluorescence signals in N2A
cells, the Cyto-ID Autophagy Detection Kit was used
according to the manufacturer’s instructions (Enzo Life
Science, Farmingdale, New York, USA). Briefly, after
treatment, N2A cells were carefully washed twice with assay
buffer and incubated with Cyto-ID green detection reagent
and 4',6-diamidino-2-phenylindole (DAPI) nuclear stain
for 30 minutes at 37 °C. Cells were then washed twice with
assay buffer. The stained cells were observed by confocal
microscopy (Zeiss, Oberkochen, Germany) using a FITC
filter (autophagic signal) and a DAPI filter.

Intracerebroventricular (i.c.v) injection

IKKa siRNA or control (Con) siRNA (5.6 pL) mixed with
the transfection reagent (1.4 pL, Invitrogen) was delivered
into the right ipsilateral ventricle (1.0 mm lateral and
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0.5 mm posterior to bregma, 2.5 mm dorsoventral below the
skull) according to the stereotaxic map in the mice 1 hour
before dMCAO onset. The injection was administrated at a
rate of 0.5 pL/min and the needle was retained for another
15 minutes after injection. The bone wound was sealed with
bone wax.

Immunofluorescence staining

Mice brain sections (20 pm) were stained with rabbit anti-
LC3 (autophagy marker) and DAPI (a nuclear specific
marker) and observed with a confocal microscope (Zeiss).

2,3,5-triphenyltetrazolium chloride (T'TC) staining

Mice were deeply anesthetized using isoflurane at 24 hours
after dAMCAQ. The brains were removed quickly and
cut into seven 1-mm thick slices. The infarct volume was
measured by T'TC staining as described previously (20).

Magnetic resonance imaging (MRI)

MRI was conducted using a 7.0 T BioClinScan animal
system (Bruker, Germany) to assess the extent of brain
infarction and water diffusion. The T2 weighted (T2W)
sequence consisted of the following parameters: time to
repetition/echo time (TR/TE) =3,080 ms/41 ms, field of
view (FOV) =24 mm x 30 mm, and slice thickness =0.5 mm.
The diffusion weighted sequence was performed using
the following parameters: TR/TE =4,500 ms/46 ms,
FOV =25 mm x 30 mm, b value =600 s/mm’, number of
slices =28. Mice were anesthetized using isoflurane (1.5%)
during the MRI experiments at 24 hours after dAMCAO.
The infarct areas after dAMCAO showed high intensity
signals on T2W images (24). The infarct volume was
calculated based on the T2W images using ImageJ software
(National Institutes of Health, USA). The apparent
diffusion coefficient (ADC) estimates the water diffusion
in the brain (25). The relative ADC (%) was calculated
by the ADC values in the peri-infarct area divided by the
corresponding area in the contralateral brain.

Modified Garcia score test

The sensorimotor functions in the mice were assessed
using the modified Garcia test at 24 hours after dAMCAO
as previously described (20,26). Briefly, five tests were
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conducted, including body proprioception, vibrissae touch,
limb symmetry, lateral turning, and forelimb walking. For
each test, the scores ranged from 0-3.

Terminal deoxynucleotidyl transferase (TdT)-mediated
dUTP nick end labeling (TUNEL) staining

TUNEL staining was conducted using the In Situ Cell
Death Detection Kit according to the manufacturer’s
instructions (Roche, South San Francisco, CA, USA).
The nuclei of cells were stained with DAPI as previously

described (22).

Statistical analysis

Data are presented as mean = standard deviation (SD). All
statistical analyses were conducted using GraphPad Prism
8.0 software (GraphPad Software Inc., La Jolla, CA, USA).
Statistical differences were analyzed using one way analysis
of variance (ANOVA) or unpaired #-tests. A P value <0.05

was considered statistically significant.

Results

IKKa played a critical vole in regulating autophagy under
OGD/R treatment

The expression of IKKa and the presence of autophagy
after OGD/R were investigated in vitro. The protein
expression of IKKa was significantly increased after OGD/R
(Figure 1A4,1B). However, the expression of IKKB did
not change under OGD/R treatment (Figure 1A4,1C).
Meanwhile, the ratio of the specific autophagic key protein
LC3B II/I was significantly increased in OGD/R treated
N2A cells (Figure 14,1D). Autophagic activity assessed using
the commercial Cyto-ID Autophagy Detection Kit showed
significant accumulation of green autophagic fluorescence
signals in the perinuclear region in OGD/R treated cells but
not in control cells (Figure 1E), suggesting that autophagic
activity increased after OGD/R treatment.

To explore whether IKKa was involved in OGD/
R-induced autophagy in vitro, IKKa siRNA or control
siRNA was transfected into N2A cells before OGD/
R treatment. The LC3 II/I ratio was significantly
decreased in OGD/R cells transfection with IKKa siRNA
compared to the cells transfected with the control siRNA
(Figure 14,1D). Moreover, Cyto-ID autophagic fluorescence
signals were also impaired after knockdown of IKKa
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expression (Figure 1E). Taken together, these data suggested
that IKKa was essential for OGD/R-induced autophagy
in vitro.

Inbibition of IKKo reduced infarct volume after dMCAO

To further clarify the effects of IKKa on acute stroke
in vivo, IKKa siRNA or control siRNA were administered
into the right ventricle of the mice (Figure 24,2B). TTC
staining at 24 hours after AMCAO (Figure 2C,2D) showed
that the infarct volume in the IKKa siRNA group (infarct
volume: 16.00+3.09 mm’) was significantly decreased
compared with the control siRNA group (infarct volume:
24.33£5.34 mm’; P=0.0133). To further confirm the
protective role of IKKa inhibition after dMCAQO, T2W-
MRI were performed to assess the infarct volume at
24 hours after AMCAO (Figure 2E). As shown in Figure 2F,
the infarct size was significantly lower in IKKa siRNA-
treated mice compared to control siRNA-treated ischemic
mice. Moreover, increased relative ADC values in the peri-
infarct area of ipsilateral cortex were detected in the IKKa
siRNA-treated group (82.15%=1.93%) compared to the
control siRNA-treated group (74.03%=+3.24%; P=0.0013;
Figure 2G). rCBF was monitored before and after dMCAO
(Figure 2H). There was no significant difference in rCBF
reduction at 24 h after ischemia between IKKa siRNA-
and Con siRNA-treated groups (Figure 2I). These results
suggested that inhibition of IKKa exerted a protective effect
on cerebral brain damage after dMCAO.

Inbibition of IKKo improved neurological functions after
dMCAO

To investigate the effects of IKKa inhibition on neurological
functions, sensorimotor deficits were assessed using the
modified Garcia test scores at 24 hours after dAMCAO.
As shown in Figure 3A, vibrissae touch was significantly
improved in IKKa siRNA-treated mice compared to control
siRNA-treated mice. The IKKa siRNA treated group
showed an improved trend with four other sensorimotor
functions, including body proprioception, limb symmetry,
lateral turning, and forelimb walking (Figure 3B-3E). All five
assessments resulted in an increase in the total neurological
score in IKKa siRNA-mice compared to control siRNA
mice (Figure 3F). These data revealed that inhibition of
IKKa improved some aspects of neurological outcomes at
24 hours after dMCAO.
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Figure 1 The effect of IKKa on OGD-induced autophagy in N2A cells. (A) N2A cells were transfected with IKKa siRNA or control
siRNA, followed by 1 hour OGD and 24 hours reoxygenation. N2A cells were treated as follows: control, OGD/R, OGD/R + control (Con)
siRNA, and OGD/R + IKKa siRNA. The expression of IKKo, IKK, and LC3B II/T were examined at 24 hours. Quantitative analysis of
IKKa (B), IKKp (C), and LC3B II/T (D) expression. (E) Cyto-ID autophagy detection was performed in N2A. N2A cells were incubated
with Cyto-ID green detection reagent (green) and DAPI (blue) nuclear stain for 30 minutes at 37 °C. Cells were then observed by confocal
microscopy. Western blot assay was repeated for four times. Scale bar =10 pm. *, P<0.05; **, P<0.01; ***, P<0.001. IKK, IxB kinase; OGD,
oxygen glucose deprivation; R, reperfusion; N2A, neuro-2A; LC3B, microtubule-associated protein 1 light chain 3p; DAPI: 4',6-diamidino-
2-phenylindole.
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Figure 2 The effects of IKKa siRNA on cerebral infarct after dAMCAO. (A) Timeline for the iz vivo study. Permanent ischemia was
induced in mice with dMCAO. IKKo siRNA or control siRNA was intracerebroventricularly injected 1 hour before dMCAO onset. rCBF
was assessed before and after AMCAO. TTC staining/MRI was performed to determine the infarct volume. Modified Garcia scores were
conducted to measure post-ischemia neurological function at 24 hours after dMCAO. (B) The schematic map showing localization of i.c.v
injection in mice. (C) Representative TT'C staining at 24 hours after dMCAO. (D) The infarct volume in control siRINA and IKKa siRNA-
treated dMCAO mice according to the TTC staining (5 to 6 mice per group). (E) Representative T2W-MRI at 24 hours after dAMCAO. (F)
The infarct volume was determined by T2W-MRI at 24 hours after IMCAO (n=5 mice per group). (G) Relative ADC (%) was measured
in control siRNA and IKKo siRNA-treated dMCAO mice (n=5 mice per group). (H) Representative images of rCBF in IKKa siRNA and
control siRNA-treated mice. (I) Quantification of rCBF. Data are presented as a percentage of baseline (pre-dMCAO). *, P<0.05; **, P<0.01.
IKK, IxB kinase; dMCAO, distal middle cerebral artery occlusion; rCBE, regional cerebral blood flow; TTC, 2,3,5-triphenyltetrazolium

chloride; MRI, magnetic resonance imaging; i.c.v, intracerebroventricular; T2W, T2 weighted; ADC, apparent diffusion coefficient.

Inhibition of IKKo. decreased cell death after dMICAO Inbibition of IKKo. reduced autophagy activation after

The protective role of IKKa inhibition after dMCAO aMeA0

was further assessed using the TUNEL assay. The To verify the relationship between IKKa and autophagy
percentage of TUNEL positive cells in the dMCAO in vivo, IKKa expression levels and autophagy activation

group (15.24%=+3.65%) and the control siRNA group were examined using tissue from the cerebral cortex of
(17.66%+5.02%) were significantly increased compared mice after dAMCAO. As shown in Figure 5A,5B, the levels
with the sham group (2.11%=+2.25%; P<0.001; of IKKa were significantly increased in dMCAO mice

Figure 44,4B). Mice treated with IKKo siRNA (7.84%+5.16%) and control siRNA treated mice. The ratio of LC3B-II/I
showed significantly decreased TUNEL positive cells also upregulated after dAMCAO. The IKKa siRNA was

compared to the control siRNA group (17.66%=5.02%; injected into the ipsilateral ventricle of the mice at 1 hour
P<0.001; Figure 44,4B). These results suggested that inhibition before the onset of ischemia and the ischemia-induced
of IKKa reduced cell death after AIMCAO. IKKa expression was effectively blocked after dMCAO.
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Figure 3 The effects of IKKa siRNA on sensorimotor functions after dMCAO. (A) Vibrissae touch. (B) Body proprioception. (C) Limb
symmetry. (D) Lateral turning. (E) Forelimb walking. (F) Total neurological assessment. n=6 mice per group. *, P<0.05; **, P<0.01. IKK, IxB

kinase; AMCAO, distal middle cerebral artery occlusion.

Under the same conditions, the conversion of LC3 /Il was
significantly reduced compared with that in the control
siRNA group (Figure 54,5C). The expression of IKKB was
not altered after dMCAO nor after IKKo siRNA treatment
(Figure 5A,5D).

To further determine whether IKKa regulates the level of
autophagy after cerebral ischemia, immunostaining of LC3
was assessed. Positive fluorescence (autophagosome) was
induced in dMCAO and control siRNA mice. In contrast,
LC3 positive signals were hardly seen in the IKKa siRNA
group (Figure SE). These results suggested that IKKa was
involved in ischemia-induced autophagy after cerebral
ischemia.

Discussion

The role of IKKo, one of the catalytic kinases of the IxB
kinase complex, in cerebral ischemia is not fully understood.
To the best of our knowledge, this is the first study to
report ischemia-induced IKKa upregulation both in vitro,
in N2A cells during 1 hour OGD/24 hours reoxygenation-
induced ischemic injury, and in vive, in the peri-infarct
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area of mice at 24 hours after permanent cerebral ischemia
(Figures 1,5). Under the same conditions, the expression
of the other catalytic kinase of IKK (IKKP) did not change
after ischemia. Furthermore, inhibition of IKKa provided
neuroprotection against cerebral ischemia through
decreasing LC3-mediated autophagy both in vitro and
in vivo (Figures 2-5).

There is accumulating evidence that IKKa has crucial
NF-kB-dependent and NF-kB-independent functions
under various physiological and pathological conditions,
such as inflammation, cellular stress, and aging (4,27,28).
Our previous data showed that IKKa regulated vascular
endothelial growth factor (VEGF) expression through a
c-Fos-dependent, but not IKKB/NF-kB-independent manner
in UVB-induced photodamage (7). In addition, IKKa has
been reported to independently inhibit the transcription
of maspin, a metastasis suppressor, thereby mediating
tumor metastasis. Moreover, IKKo knockdown decreased
B-catenin expression without altering NF-«B activity
and inhibited cell growth in multiple myeloma cells (4).
These results revealed that IKKa may trigger a battery of
NF-kB-independent downstream substrates. The role of
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cerebral artery occlusion; DAPI, 4',6-diamidino-2-phenylindole; TUNEL, (TdT)-mediated dUTP nick end labeling.

IKKa in cerebral ischemia is not fully understood. After
transient focal cerebral ischemia, IKKa activation resulted
in phosphorylation of histone H3 in response to oxidative
stress (9). IKKa is degraded via selective autophagy
in primary microglia under OGD/R conditions (10).
To improve the quality of preclinical studies, the Stroke
Therapy Academic Industry Roundtable (STAIR)
recommends that both transient and permanent occlusion
models should be performed in the preclinical studies,
especially permanent occlusion models should be adopted
first (29). In the current study, IKKa, but not IKKS,
was significantly induced in N2A cells after OGD/R
treatment and mice suffered permanent cerebral ischemia
(Figures 1,5). Application of IKKa siRINA exerted a protective
role against brain damage through reducing cerebral infarct
volume, improving sensorimotor functions, and decreasing
cell death (Figures 2-4).

The ADC measured by MRI reflects the degree
of diffusion of water molecules (24). In pathological
conditions, a decrease in ADC values is considered to
be associated with the reduction of extracellular space
caused by cellular swelling (30). As indicated in Figure 2G,
knockdown of IKKa expression significantly increased
the relative ADC in the peri-infarct area at 24 hours
after dAMCAO. This result demonstrated that IKKo may
contribute to cell death through altered water mobility
and related cytotoxic edema after acute cerebral ischemia.
However, the relationship between IKKa and cell swelling
warrants further investigation.

© Annals of Translational Medicine. All rights reserved.

In response to nutrient deprivation, IKKa induces the
expression of the essential pro-autophagic gene, Beclin-1.
Moreover, loss of NF-«kB does not affect starvation-induced
expression of the autophagic gene (31). However, a previous
study from phosphatase and tensin homolog deleted on
chromosome ten (PTEN)-null prostate cancer cells showed
that IKKa controlled mTOR activation, which in turn
inhibited autophagy, with less involvement by IKKp (4).
Thus, the role of IKKa in regulating autophagy may vary in
different settings.

The potential mechanisms by which IKKa mediates
ischemia-induced LC3B expression is unclear at present.
It is possible that IKKa directly binds with LC3B through
the classical LC3-interacting region (LIR) motif (W/EF/
Y-X-X-V/L/T) (32). AMP-activated protein kinase (AMPK)
is a vital sensor of ATP/ADP energy balance in cells and
triggers autophagy when activated (33). Inhibiting the
expression of IKK decreases the activation of AMPK and
the conversion of LC3-I to LC3-II in intestinal epithelial
cells. We observed AMPK phosphorylation in the peri-
infarct area of mice with acute cerebral ischemia (data not
shown). It is therefore possible that the association between
IKKa and LC3B is mediated by AMPK and warrants
further investigation.

Conclusions

In conclusion, this study clearly elucidated a novel role
of IKKa in regulating the activation of autophagy after
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Figure 5 The effects of IKKa siRNA on autophagy activation after dMCAO. (A) Western blot showing the representative proteins bands of
IKKa, IKKB, and LC3B at 24 hours after dMCAO. (B-D) Statistical quantification of IKKa, LC3B II/I, and IKKp detected by Western blot
(n=5 per group). *, P<0.05; **, P<0.01; ***, P<0.001. (E) Representative images showing the autophagosomes (LC3 positive cells, green) at
24 hours after dMCAO. Scale bar =10 pm. Brain sections were co-stained with LC3 (green) and DAPI (blue) for 1 h at room temperature.
DAPI is used as a nuclear marker. Images were then performed on a confocal microscope. IKK, IxB kinase; dAMCAO, distal middle cerebral

artery occlusion; LC3B, microtubule-associated protein 1 light chain 3B; DAPI, 4',6-diamidino-2-phenylindole.
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acute cerebral ischemia. These finding may assist in the
development of novel therapeutic strategies for alleviating

brain injury by targeting IKKo.
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