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ARTICLE INFO ABSTRACT

Keywords: Intracerebral hemorrhage (ICH) is a common and severe neurological disorder, which is associated with high
Intracerebral hemorrhage rates of mortality and morbidity. This study aimed to evaluate whether general control non-derepressible-2
Inflammation (GCN2) stimulation ameliorated neuroinflammation after ICH. Male CD-1 mice were subjected to experimental
;i{‘:;isg:::’l non-derepressible-2 ICH by infusion of bacterial collagenase. Post-ictus assessment included neurobehavioral tests, brain edema

measurement, quantification of neutrophil infiltration and microglia activation, and measurement of TNF-a and
IL-1p expression at 24 h after ICH. Furthermore, we tested the long-term neurological improvement by GCN2 at
21 days after ICH. Our results showed that GCN2 improved neurological function and reduced brain edema at 24
and 72 h following experimental ICH in CD-1 mice in contrast to the vehicle administration alone. GCN2 was
also found to decrease levels of IL-1B and TNF-a, and inhibit neutrophil infiltration activation. In addititon,
GCN2 also alleviated long-term neurological impairment after ICH. However, inhibition of elF2a or ATF4
abolished the protective effects of GCN2, indicating e[F2a/ATF4 signaling pathway as the downstream mediator

Early brain injury

of GCN2.

1. Introduction

Spontaneous intracerebral hemorrhage (ICH) is one of the deadliest
stroke subtypes, accounting for about 15% of all strokes (Sutherland
and Auer, 2006; Yang et al., 2016). Yet no specific therapy has been
proven clinically effective. There is a general consensus that hemor-
rhage in the brain leads to tissue disruption and displacement (ADNAN,
2001; Zhai et al., 2016). Hemorrhage is not only directly detrimental to
the surrounding brain tissue, but also leads to secondary brain injury,
which is characterized by the induction of pro-inflammatory factors,
activation of microglia and migration of peripheral inflammatory cells
into the center nervous system (Yu et al., 2017; Zhao et al., 2015).
Therefore, the anti-inflammatory therapeutic strategy is a promising
target for ICH.

General amino acid control non-repressible 2 (GCN2) is a kinase
that senses the absence of one or more amino acids by virtue of direct
binding to uncharged cognate tRNAs (Ravindran et al., 2013).

Decreased consumption of dietary protein leads to the reduction in the
amount of amino acids, activation of GCN2, an eventual increase in
elF2a phosphorylation and activation of ATF4(Jung et al., 2015; Laeger
et al., 2014). Specifically, GCN2 phosphorylates eukaryotic initiation
factor 2 alpha (elF2a), which attenuates global mRNA translation and
then induces a selective subset of stress response genes, for example
ATF4. Recent studies demonstrate that the GCN2 kinase plays an im-
portant role in reducing inflammation (R et al., 2016). Genetic deletion
of GCN2 can result in enhanced intestinal inflammation and Th17-
mediated responses, due to elevated IL-1f3 production (Revelo et al.,
2016).

Recently inflammasome, one of the components of the innate im-
mune system, has drawn much attention because of its role in the pa-
thogenesis of sterile inflammatory response by processing caspase-1
and IL-18 to an active stage following human central nervous system
disorders (Zhou et al., 2018). Among over 20 NLR members, NLRP3
gains notable attention. It is activated by endogenous stimuli, including
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uric acid crystals, adenosine triphosphate (ATP), asbestos and silica.
Increasing evidence has indicated that GCN2 controls inflammation by
inhibiting inflammsome activation (Zhou et al., 2018).

However, to date, no research has investigated the role of GCN2 in
ICH models. In this study, we hypothesized that the GCN2 kinase
played an important role in controlling inflammation by inhibiting
NLRP3 inflammsome though elF2a/ATF4 pathway after ICH.

2. Materials and methods

All experiments were approved by the Institutional Animal Care and
Use Committee of Loma Linda University,

2.1. Animals

All animal procedures for this study were approved by the
Institutional Animal Care and Use Committee at Loma Linda University.
Eight-week-old male CD-1 mice (weight=30g, Charles River,
Wilmington, MA) were housed in a 12-h light/dark cycle at a controlled
temperature and humidity with unlimited access to food and water. We
chose to focus on the male gender in this study since several clinical
studies have indicated that male sex could be one of the risk factors for
spontaneous ICH (Marini et al., 2017; Roquer et al., 2016). In addition,
estrogen has been shown to be protective in ICH (Arbor, 2005;
Nakamura et al., 2006). Naive female mice at this age might not re-
present a large clinical population.

2.2. ICH model

The general procedures for inducing ICH in the mouse using bac-
terial collagenase (0.075U dissolved in 0.5ul of PBS) into the basal
ganglia were performed as described in previous publications (Chen
et al., 2018; Ma et al., 2011, 2014). Briefly, mice were anesthetized
with ketamine (100 mg/kg, i.p.) and xylazine (10 mg/kg, i.p.) and po-
sitioned prone in a stereotaxic head frame. An electronic thermostat-
controlled warming blanket was used to maintain the animals' core
temperature at 37 °C. The calvarium was exposed by a midline scalp
incision from the nasion to the superior nuchal line, and the skin was
retracted laterally. With a variable speed drill a 1mm burr hole was
made 0.2mm posterior to Bregma and 2.2mm to the right of the mid-
line. A 26-G needle on a Hamilton syringe was inserted with stereotaxic
guidance 3.5mm into the right deep cortex/basal ganglia. The col-
lagenase (0.5 ul) was infused into the brain at a rate of 0.167 pl/min.
The needle was left in place for an additional 10 min after injection to
prevent the possible leakage of the collagenase solution. After removal
of the needle, the incision was closed, and the mice were allowed to
recover. The sham operation was performed with needle insertion only.

2.3. Drug administration

GCN2 was purchased form Abcam and it was dissolved in PBS be-
fore injection. GCN2 was tested at three different doses (0.5 ug, 1.5 ug
and 5.0 ug per mouse), which were administered in the ICH + GCN2
group at 1h after surgery intranasally. elF2a and ATF4 small inter-
fering RNA (siRNA), as well as scramble siRNA, were purchased form
Origene Technologies, Inc. (MD) and dissolved in sterile RNAse free
resuspension buffer according to the manufacturer's instructions. siRNA
or scramble RNA (100pmol) was administered via in-
tracerebroventricular injection (i.c.v) at 48 h pre-surgery as previously
described.

2.4. Experiment design
Experiment 1: 30 mice were randomly divided in 5 groups (sham,

ICH + vehicle, ICH + GCN2 low dosage, ICH + GCN2 medium dosage,
ICH + GCN2 high dosage). Recombinant GCN2 was administered
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intranasally at 3 different dosages (0.15pg/mouse; 0.5pg/mouse;
1.5pg/mouse) at 1h after ICH. Neurological deficits, brain edema
measurement and western blot were performed at 24 h.

Experiment 2: 18 mice were randomly divided in 3 groups (sham,
ICH + vehicle, ICH + GCN2 best dosage). Recombinant GCN2 was
administered intranasally at 1h after ICH. Neurological deficits and
brain water content were assessed at 72 h after ICH.

Experiment 3: To determine the time course of GCN2 and elF2a
after ICH, Western blot analysis for GCN2, elF2a and ATF4 expression
was performed in the ipsilateral/right hemisphere of each group at 3, 6,
12, 24, 72h after ICH. 9 mice randomly divided in 3 groups (sham,
ICH + vehicle and ICH + GCN2) and these mice euthanized for MPO
staining.

Experiment 4: Negative control (scramble) siRNA, elF2a siRNA or
ATF4 siRNA (100 pmol in 2 pul) were injected i.c.v. at 24 h before ICH in
sham and ICH animals. Modified Garcia Test, Forelimb Placement Test
and Corner Turn Test were performed at 24 h after ICH. Then these
mice euthanized for Western blot.

Experiment 5: To determine expression of GCN2 and elF2a on mi-
croglia in the ipsilateral hemisphere after ICH, 4 mice were euthanized
for immunofluorescence.

Experiment 6: To test the effects of GCN2 treatment in the long-term
neurological function after ICH, neurological function was assessed by
water maze and rotarod from 1 week to 3 weeks after the hemorrhage.
18 mice were used in Experiment 6: 6 in sham group, 7 in ICH group
and 5 in GCN2 group.

2.5. Neurobehavioral tests

Neurobehavioral outcomes were evaluated by the modified Garcia
test for the sensorimotor deficits as previously described (Manaenko
et al., 2016; Xie et al., 2018). Three tests were used to evaluate neu-
rological deficits: (1) The modified Garcia Test, in which mice were
given a score ranging from O to 21. The scoring system consists of seven
tests (spontaneous activity, side stroking, vibrissae touch, limb sym-
metry, lateral turning, forelimb walking and climbing), with possible
scores of 0-3 (0 = worst; 3 = best) for each. (2) The limb placement
test, in which the animals were held by their trunk positioned parallel
to a table top and slowly moved up and down, allowing the vibrissae on
one side of the head to brush along the table surface. Refractory pla-
cements of the impaired (left) forelimb were evaluated, and a score was
calculated as the number of successful forelimb placements out of 10
consecutive trials. (3) Corner Turn Test. Mice were allowed to walk into
a 30-degree corner. When exiting the corner, the mouse could turn
either to the left or the right, and this choice was recorded. Trials were
repeated 10 times and the percentage of left turns was calculated.

Animals were numbered and randomized into different experi-
mental groups using Excel. The scientists who did the neurobehavioral
tests and data analysis were blinded to the experimental group of each
animal. Animals were uncoded after the analysis.

2.6. Morris water maze

Between days 7 and 21 following ICH, the Morris water maze test
was performed in a blinded setup to evaluate ICH-induced neurocog-
nitive deficits, as previously described (Liao et al., 2016), Briefly, the
test consisted of three trials, including a cued learning paradigm, spatial
paradigm and probe paradigm. All trials lasted a maximum of 60s.

The cued learning trials were conducted on Day 18 after ICH for
non-associative factors that could affect scoring on the Morris water
maze, such as motivation, swimming ability and vision. During the cued
learning trials, there was a visible platform above the water surface.
Mice were placed in the tank, required simply to swim to the platform
by the end of each trial and were allowed to remain on the platform for
10 after finding or being guided to it.

On the following 3 consecutive days, the spatial and probe trials
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Fig. 1. Time course expression of GCN2, p-elF2q, total el[F2a and ATF4 by Western blot. N = 6 mice/group. *p < .05 vs sham.

were conducted to measure the ability of the mouse to learn and re-
member the location of a hidden platform in the tank. Unlike the cued
learning trial, the platform in these trials was submerged under the
water. Once a mouse was released in the tank, it was allowed to swim
and search for the platform. The total distance to find the platform was
measured to reflect spatial learning ability. At 1 h after the spatial trial,
the platform was removed completely and the mice were allowed to
swim again in search of the now-absent platform. The percentage of
time spent in the probe quadrant (the previous location of the platform)
was measured to reflect spatial memory ability.

2.7. Rotarod test

The rotarod test was performed at the first-, and third-week post-
ICH to assess sensorimotor coordination and balance as previously de-
scribed (Zhou et al., 2018). The mice were placed on an accelerating
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horizontal cylinder and the latency and rotational speed of each sub-
ject's falling off was recorded by a blinded evaluator. Three constant
velocity runs of 1 min each were done per subject prior to testing. Three
scoring trials were performed at each of 5 or 10 rpm starting speeds
with regular increases in velocity, with the mean averages of falling
latency used for comparison.

2.8. Brain water content

Brain water content was evaluated as previously reported
(Manuscript, 2015; Yang et al., 2016). Briefly, mice were decapitated
under deep anesthesia. Brains were immediately removed and cut into
4 mm sections around the needle track. Each section was divided into
four parts: ipsilateral and contralateral basal ganglia, ipsilateral and
contralateral cortex. The cerebellum was collected as control. Each part
was weighed on an electronic analytical balance and then dried at
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Fig. 2. Immunostaining of GCN2 and elF2a with IBA-1(microgia), GFAP (astrocytes), and NeuN (neurons) at 24 h after ICH. Scale bar = 50 um.

100 °C for 24 h to determine the dry weight (DW). Brain water content
(%) was calculated as [(WW — DW) /WW] x 100.

2.9. Western blot analysis

Brain sample were collected at 24 h after ICH. Mice were perfused
transcardially with 40 ml PBS, and proteins of the ipsilateral hemi-
spheres were extracted by homogenizing in RIPA buffer (Santa Cruz
Biotechnology). Western blotting was performed as previously de-
scribed (Xie et al., 2018; Zhou et al., 2018). The primary antibodies
included anti-GCN2(1:500; Santa Cruz Biotechnology, Santa Cruz, CA),
anti-elF2a (Santa Cruz Biotec hnology, Santa Cruz, CA), anti-p-elF2a
(Santa Cruz Biotechnology, Santa Cruz, CA), anti-ATF4(Abcam,

Experimental Neurology 313 (2019) 16-25

Cambridge, MA), anti-NLRP3(Abcam, Cambridge, MA), anti-IL-13
(Santa Cruz Biotechnology, Santa Cruz, CA), anti-TNFa (Abcam, Cam-
bridge, MA), anti-MPO (Abcam, Cambridge, MA) and (-actin (Santa
Cruz Biotechnology, Santa Cruz, CA).

2.10. Immunohistochemistry staining

Immunohistochemistry staining for brain was performed on fixed
frozen section as previously described (Yang et al., 2016),with primary
antibodies: anti-GCN2 (Santa Cruz Biotechnology, Santa Cruz, CA);
anti-e[F2a (Santa Cruz Biotechnology, Santa Cruz, CA), anti-GFAP
(Abcam, Cambridge, MA), anti-Iba-1(Abcam, Cambridge, MA), and
anti-NeuN (Abcam, Cambridge, MA), The slides were viewed and



Z. Lu et al.

Experimental Neurology 313 (2019) 16-25

A B
. Garcia Score(24h)
Brain Edema(24h)
22 4
g [ sham @ 20 .
€ Hl vehicle 8 %
£ GON20.154g & 18- %
S I GCN20.5ug >
5 g GCN215ug  © 1€ = AFA
5 H 2
2 = 14 A
2
g 12 : . . r T
I
N ‘\qﬁ' O\g\f oé"lr
& [ S
c Corner Turn(24h) D Limb Palcement(24h)
80 #
L
g e H
¢ -
S 40 &
= * o
E 20 — E
=
0 e =
< @ S S >
S RC R
o & S
E GCN2 72h Brain edema F
844
32 [ sham
3 - * = \ehicle 2 *
[ L # ® Al
€ mn GCN2 0.5ug é o
S » 20 "
= 804 ) o0
8 S 18+ AL
L -_— %
EN 2 16+ Y.
c =2
£ [ L1
g 2 14 —==
= 764 T
12 T T T
L & oL & & & © o
& Q\ 00\ e@ & Q\o Cf\
N N ® S © 2 © ©
G _ H
GCN2 72h Garcia Test GCN2 72h corner turn
24+ 80+
o 224 — [
» 207 # 8
L e 5 404
g: 184 Y. -
2 16 EAA K
s - 20
Z 14 %.. -
[T 0 r ¥
12 T T T & & <&
& XN -
s & & ° & &

2 ()

Fig. 3. Administration of GCN2 decreased brain water content and improved neurobehavioral performance at 24 h after intracerebral hemorrhage (ICH). (A) Brain
water content; (B) Modified Garcia test; (C) Limb placement test, and (D) Corner turn test. Administration of GCN2 also decreased brain water content and improved
neurobehavioral performance at 72h after ICH at best dosage. N = 5 mice/group. *p < .05 vs. sham, *p < .05 vs. ICH + vehicle. Values are expressed as

mean * SD.

images were taken using LAS X software with a Leica DMi 8 fluores-
cence microscope (Leica Microsystems, Germany).

2.11. Statistical analysis

In this exploratory study, all data were expressed as mean + SD
and all tests were done two-sided. Before statistical tests, normal dis-
tribution and similar variation between experimental groups were in-
spected for appropriateness. We analyzed the data by using one-way
ANOVA with Tukey's post-hoc test and Kruskall-Wallis with Dunn's
post-hoc tests was used for non-parametric data. P values of < 0.05
were considered statistically significant. On the basis of the results of
the pilot preliminary study for neurobehavioral function and brain
water content, six mice were required to achieve 90% power to detect a

difference, with a probability of p < .05 . GraphPad Prism 6 and
SPSS18. 0 were us ed. for graphing and analyze all data.

3. Results

3.1. GCN2 and phosphorylated EIF2a expression levels were upregulated
following ICH injury

We first investigated whether GCN2 and phosphorylated elF2a le-
vels would change in response to the brain injury following ICH. The
Western blot results showed that GCN2 level was significantly increased
as early as 3h after ICH, reached a peak at 24 h and then declined at
72h (Fig. 1B) (P < .05). Similarly, phoshphorylated elF2a was sig-
nificantly increased at 3 h, peaked at 6 h and remained at a high level

20
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Fig. 4. Administration of GCN2 improved long-term neurological function at four weeks post-ICH. GCN2 treatment group showed significant memory function
recovery compared to the vehicle group in reduced swimming distance to platform (A), reduced escape latency (B), and more time spent in the target quadrant during
the probe phase (C). But there is no significant difference in speed. GCN2-treated animals had significantly better rotarod performance than vehicle mice at 1 week,

but not at 3 weeks (E,F).n = 8-10 mice/group.

(Fig. 1C) (P < .05). Meanwhile, we also detected the expression of
ATF4 in the brain. The result of Western blot showed that ATF4 protein
level increased at 3 h after ICH, reached to peak at 6 h, remained at a
high level form 6h to 24h and decreased at 72h after ICH (Fig. 1D)
(P < .05) (Fig. 1). Immunofluorescence staining revealed that the
GCN2 and elF2a were expressed on microglia, astrocytes and neurons.
(Fig. 2).

3.2. GCN2 treatment improved neurobehavioral outcomes in short-term and
long-term, reduced brain water content both at 24, 72 h after ICH and
neutrophil infiltration

The results at 24 and 72 h showed that ICH animals demonstrated
severe deficits compared to sham animals in the modified Garcia test as

21

well as increased perihematomal brain water content in the ipsilateral
basal ganglia (Fig. 3A,B,C,D). GCN2 was administered at 1 h after ICH.
At 24h, the medium-dosage group improved significantly than the
vehicle group in neurobehavioral tests and brain water content were
also significantly reduced (P < .05) (Fig. 3A,B,C,D). Based on these
results, we chose the medium dosage as the best treatment to test
neurobehavioral function and brain edema at 72 h post-ICH. The results
showed that GCN2 could significantly improve neurological function
and that brain edema in the ipsilateral basal ganglia (ipsi-BG) was also
significantly reduced compared to the ICH group (P < .05)
(Fig. 3E,F,G,H).

Based on the results above, we chose the best dosage for the long-
term study. In the Rotarod test, the ICH + vehicle group had sig-
nificantly shorter latency to fall compared with the sham group both in
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Fig. 5. Administration of GCN2 reduced neutrophil infiltration at 24 h after ICH. This result showed that administration of GCN2 could inhibit activity of MPO
effectively (C,D). IL-1p levels significantly decreased after GCN2 treatment (A,B).

MPO = myeloperoxidase. Scale bar = 50 ym. n = 6/group.

the 5 revolution per minute (RPM) and 10RPM accelerating velocity
tests on 1 week and 3 weeks. One week after ICH, GCN2 significantly
improved performance in the 5 RPM and 10 RPM tests (P < .05)
(Fig. 4E,F). Three weeks after ICH, there was no significant different
between the ICH + vehicle group and ICH + GCN2 group (P < .05,
Fig. 4E,F). In water maze test, GCN2 treatment showed significant
memory function recovery compared to the vehicle-treated group in
reduced swimming distance (Fig. 4A) to platform, reduced escape la-
tency (Fig. 4B), and spent more time in the target quadrant during the
probe phase (Fig. 4C). But there was no difference in swimming velocity
among three groups, indicating that the difference in latency was due to
the impaired memory, instead of swimming ability (P < .05) (Fig. 4D).

We tested IL-1 by Western blot. The results showed that IL-1f le-
vels significantly decreased after GCN2 treatment (P < .05)
(Fig. 5A,B).

Meanwhile, we detected myeloperoxidase (MPO) levels in brain
tissue by immunostaining at 24 h following ICH to determine the effect
of GCN2 on neutrophil infiltration. The immunostaining results showed
that after GCN2 treatment the number of MPO-positive cells in the
perihematomal area significantly reduced compared to ICH group

(Fig. 5C,D).

3.3. elF2a and ATF4 knockdown reversed the anti-inflammatory effect of
GCN2

elF2a in vivo knockdown were preformed to investigate the poten-
tial role of elF2a in the protective effects of GCN2 activation. We ad-
ministrated elF2a siRNA and ATF4 siRNA 24 h before ICH, respectively,
followed by the treatment of GCN2 at 24 h after ICH. Western blots
results showed that there was a dramatic loss of phosphorylated eIlF2a
(P < .05, Fig. 6B) and that IL-1P increased in ipsilateral brain tissue
compared to GCN2 treatment group with or without scramble siRNA
(P < .05) (Fig. 6F). ATF4 siRNA also abolished the effects of GCN2, as
demonstrated by increased IL-13 and TNF-a levels and worse neuro-
logical outcomes (P < .05) (Fig. 6E,F). These data suggested that
GCN2 decreased inflammation dependent on elF2a and ATF4.

4. Discussion

ICH is a fatal stroke subtype, and increasing evidence shows that
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inflammation plays a critical role in the pathophysiology of ICH-in-
duced brain injury (Ma et al., 2014; Wang and Doré, 2007). This study
provided evidence for a molecular pathway activated by GCN2 in
ameliorating inflammation following ICH. In the present study, we
demonstrated that 1) after ICH, GCN2 increased in the acute phase; 2)
GCN2 attenuated neutrophil infiltration, resulting in decrease of TNF-a
and IL-1f production, as well as in reduction of neurological deficits
and brain edema after ICH. We also tested the effect of GCN2 in the
long-term study. The results showed that GCN2 could improve the
neurological function.

Accumulating evidence suggests that GCN2 deletion in myeloid cells
has a significant effect on systemic autoimmunity, accelerating immune
dysfunction and exacerbating outcomes. This is consistent with the role
of GCN2 in regulating myeloid inflammatory activity (Ravishankar
etal., 2015). Additionally, there is higher production of pro-IL-18 in the
colonic macrophages and dendritic cells isolated form GCN2 deletion
mice in the large and small intestine (Ravindran et al., 2013). Some
evidence demonstrated a clear role for inflammasome activation in
mediating the enhanced inflammation in GCN2 deletion mice
(Ravindran et al., 2013). Recent research also demonstrated that acti-
vation of GCN2 suppressed proinflammatory cytokine production in
glomeruli and reduced macrophage recruitment to the kidney during
the incipient stage of Ab-induced glomerular inflammation.

Recently, some research indicated that GCN2 controls the infiltra-
tion of T cells into inflamed central nervous system following acute
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autoimmune neuroinflammation (Ravindran et al., 2013). The absence
of experimental autoimmune encephalomyelitis remission in GCN2-
deficient mice is associated increased expression of Th17-related cyto-
kines and decreased expression of IL-10 in the central nervous system
(Ravindran et al., 2013). However, effect of GCN2 in ICH has not been
studied so far.

In the present study, we showed that GCN2 and elF2a were ex-
pressed on microglia and increased as early as 3 h after ICH. Moreover,
we demonstrated that GCN2 administration into the brains of ICH mice
significantly decreased TNF-a and IL-1f levels. The result demonstrated
that GCN2 could alleviate neurological deficits. The MPO staining and
Western blot results showed that GCN2 treatment can decrease the
infiltration of neutrophile granulocytes. These results confirmed our
hypothesis that GCN2 suppressed inflammation induced by ICH. In the
next part of our study, we investigated the role of NLRP3 inflammasome
in the protective effect of GCN2 in ICH-mediated inflammation. Recent
evidence has alluded to the notion that a multiple-protein complex,
inflammasome, is the major source of IL-13. The NLRP3 inflammasome
belongs to the NLR family, and is associated with the apoptosis-asso-
ciated speck-like protein containing a caspase recruitment domain
(ASC), which recruits and activates caspase-1, therefore releasing
cleaved IL-1B (Ma et al., 2014; Ravindran et al., 2013). It has been
determined that the NLRP3 inflammasome contributes to ICH-induced
inflammatory response (Ma et al., 2014). Unlike other inflammasomes,
the NLRP3 inflammasome exhibited its functionality in both sterile
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inflammatory response and antimicrobial response. In our experiment,
after GCN2 treatment, the NLRP3 inflammsome levels decreased sig-
nificantly according to our Western blot results. It suggested that GCN2
attenuated NLRP3 inflammsome effectively.

Next, we examined the possible mechanism by which GCN2 atte-
nuated NLRP3 inflammsome. Evidence provided that GCN2 promoted
elF2a phosphorylation response that includes protein synthesis at-
tenuation and an increase in the expression of ATF4(Ma et al., 2014;
Ravindran et al., 2013). Based on our results that GCN2 could attenuate
NLRP3 inflammasome, we put forward a hypothesis that GCN2 at-
tenuates NLRP3 inflmmasome by eIF20/ATF4 pathway. So we knocked
down elF2a and ATF4 by siRNA, respectively, and the results of Wes-
tern bolt showed that after e[F2a or ATF4 was inhibited, NLRP3 levels
increased significantly, which verified our hypothesis.

There are some limitations in this study. First, the direct relation-
ship between GCN2 and ICH has not been studied. The exact me-
chanism by which ICH influenced the level of GCN2 remains to be
discovered. Second, we only focused on the effect of GCN2 on in-
flammation after ICH. We did not explore the physiology role of GCN2
in blood-brain barrier function, anti-apoptotic pathway or other neu-
roprotective effects of GCN2 after ICH. Additionally, we only tested
three doses and one route of administration at a one time point. To
enhance the translatability of the study, we would need to explore other
treatment regimens, as well as the outcomes at other time points. Thus
future studies are needed to investigate the other protective functions,
as well as signaling mechanisms.

In conclusion, the present study indicates that GCN2 level increased
after ICH in brain tissues, and that exogenous GCN2 could improve
neurological outcomes and decrease brain water content. This protec-
tive effect was by inhibiting NLRP3 via elF2a/ATF4 signaling pathway.
This study could possibly provide a potential novel treatment for ICH.
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