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Abstract

Background and Purpose: Neuroinflammation has been proven to play an important role in 

the pathogenesis of early brain injury (EBI) after subarachnoid hemorrhage (SAH). Enhancer of 

zeste homolog 2 (EZH2)-mediated trimethylation of histone 3 lysine 27 (H3K27Me3) has been 

recognized to play a critical role in multiple inflammatory diseases. However, there is still a lack 

of evidence to address the effect of EZH2 on the immune response of SAH. Therefore, the aim of 

this study was to determine the role of EZH2 in SAH-induced neuroinflammation and explore the 

effect of EZH2 inhibition with its specific inhibitor EPZ6438.

Methods: The endovascular perforation method was performed on rats to induce subarachnoid 

hemorrhage. EPZ6438, a specific EZH2 inhibitor, was administered intraperitoneally at 1h after 

SAH. Suppressor of cytokine signaling 3 (SOCS3) siRNA and H3K27me3 CRISPR were 

administered intracerebroventricularly at 48h before SAH to explore potential mechanisms. The 

SAH grade, short-term and long-term neurobehavioral tests, immunofluorescence staining, and 

western blots were performed after SAH.

Results: The expression of EZH2 and H3K27me3 peaked at 24h after SAH. In addition, 

inhibition of EZH2 with EPZ6438 significantly improved neurological deficits both in short-term 

and long-term outcome studies. Moreover, EPZ6438 treatment significantly decreased the levels of 
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EZH2, H3K27Me3, pathway-related proteins tumor necrosis factor (TNF) receptor family 6 

(TRAF6), nuclear factor-κB (NF-κB) p65, pro-inflammatory cytokines TNF-α, interleukin (IL)-6, 

IL-1β, but increased the expression levels of SOCS3 and anti-inflammatory cytokine IL-10. 

Furthermore, administration of SOCS3 siRNA and H3k27me3-activating CRISPR partly abolished 

the neuroprotective effect of EPZ6438, which indicated that the neuroprotective effect of EPZ6438 

acted, at least partly, through activation of SOCS3.

Conclusions: In summary, the inhibition of EZH2 by EPZ6438 attenuated neuroinflammation 

via H3K27me3/SOCS3/TRAF6/NF-κB signaling pathway after SAH in rats. By targeting EZH2, 

this study may provide an innovative method to ameliorate EBI after SAH.

Graphical Abstract
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Introduction

Subarachnoid hemorrhage (SAH) is a type of cerebrovascular disease with high mortality 

and morbidity.1 According to recent studies, early brain injury (EBI) may be the underlying 

cause of poor outcomes in patients with SAH. Among all possible mechanisms of EBI, 

neuroinflammation is now considered the main contributor of EBI.2, 3 However, there is still 

a lack of effective pharmaceutical treatment for EBI. Therefore, the anti-inflammation 

treatment may be practical.

Enhancer of zeste homolog 2 (EZH2) is an essential component of polycomb repressive 

complex 2. It is also a histone methyltransferase, which catalyzes the repressive chromatin 

modification histone H3 lysine 27 trimethylation, eventually resulting in gene silencing.4 

There is emerging evidence showing the important role of EZH2 in inflammatory diseases, 

such as autoimmune inflammation, prostatitis, colitis, etc.5, 6 Moreover, EZH2 regulated the 

immune responses in the central nervous system.7 Inhibition of EZH2 attenuated 

neuroinflammation in neuropathic pain and provided neuroprotective effects in ischemic 

stroke.8 EPZ6438, a potent and selective EZH2 inhibitor, is a promising treatment for non-

Hodgkin Lymphoma because of its superior potency and oral bioavailability.9, 10 EPZ6438 
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depleted EZH2 and downregulated the expression of trimethylation of histone 3 lysine 27 

(H3K27Me3). Administration of EPZ6438 reduced microglial activation in a 

lipopolysaccharide- treated primary microglial cell vitro study.7 In addition, suppressor of 

cytokine signaling 3 (SOCS3) is known as an intracellular negative regulator of 

inflammation.11 EZH2-mediated H3K27me3 directly targets SOCS3 for its transcriptional 

inhibition. SOCS3 promoted Lys48-linked ubiquitination and degradation of tumor necrosis 

factor (TNF) receptor family 6 (TRAF6). SOCS3 mediated the degradation of TRAF6, 

which subsequently leads to the inhibition of nuclear factor-κB (NF-κB) activation.12

In the present study, we hypothesized that EPZ6438, as an inhibitor of EZH2, can attenuate 

neuroinflammation by reducing the expression of H3K27me3, and may be a potential 

therapeutic agent for SAH. These neuroprotective effects may be mediated through the 

SOCS3/TRAF6/NF-κB signaling pathway.

Methods

The original data of this current study can be obtained from the corresponding author on 

request. All animals were randomized to the control, and experimental groups and 

neurobehavioral testing, as well as quantitative data collection, was conducted in a blinded 

fashion (animals and sample tubes were marked by numbers, without any identifiers of 

group allocation).

Animals

Adult male Sprague-Dawley rats (10-week-old, 300–320g) were housed in a humidity 

controlled and constant temperature (25°C) room, with a 12-h light/dark cycle and free 

access to food and water. All experimental protocols were approved by the Institutional 

Animal Care and Use Committee of Loma Linda University and in accordance with the 

National Institutes of Health (NIH) guide for the care and use of laboratory animals.

SAH model

Endovascular perforation SAH model was induced in rats as previously described.13 Briefly, 

the rats were anesthetized using 5% isoflurane. During surgery, the rats were ventilated with 

3% isoflurane. After carefully exposing the left carotid artery, a 4–0 sharpened 

monofilament nylon suture was inserted into the external carotid artery. After feeling 

resistance at the bifurcation of the anterior and middle cerebral arteries, the monofilament 

nylon suture was advanced another 3mm to further puncture the vessel. After vessel 

perforation, the nylon suture was immediately withdrawn. The sham-operated animals 

underwent the same surgical procedure, but without vessel perforation. After removal of the 

suture, the incision was closed. The rats were housed individually in heated cages until they 

recovered from anesthesia.

Drug administration

EPZ6438 (TargetMol, USA) was dissolved in 10% DMSO and administered via 

intraperitoneal injection (i.p). Three different dosages of EPZ6438 (1mg/kg, 3mg/kg, 

9mg/kg) were given to rats at 1h after SAH.7 SOCS3 siRNA (Ambion, USA) was 
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administrated intracerebroventricularly. The same volume of 10% DMSO was given via i.p 
as the vehicle.

Intracerebroventricular injection

Intracerebroventricular injection (i.c.v) method was performed as previously reported.14 

Briefly, the rats were placed in a stereotaxic apparatus under 3% isoflurane anesthesia. A 

burr hole was drilled into the skull at the following coordinates relative to the bregma:1.5mm 

lateral, 0.9mm posterior, and the 10-μL Hamilton syringe was inserted into the burr hole at a 

depth of 3.3mm. SOCS3 siRNA (Ambion, USA) and control siRNA were infused into the 

right ventricle at a rate of 1 μL/min with a pump. H3K27me3 CRISPR (Santa Cruz 

Biotechnology, Dallas, TX, USA) was used to increase H3K27me3 gene expression. A total 

of 5ug per pup of H3K27me3 CRISPR or scrambled CRISPR (Santa Cruz Biotechnology, 

Dallas, TX, USA) was injected into the ipsilateral ventricle at 48h before SAH.

Experimental design

Experimental 1: time course and cellular localization of EZH2 and H3K27Me3
—In this part, 40 rats were randomly divided into sham, SAH (3h, 6h, 12h, 24h, 72h) 

groups. EZH2 and H3K27Me3 expression levels were detected by Western blot at every 

single time point (n=6 for each group). Immunofluorescence staining was used to show the 

colocalization of EZH2 and H3K27Me3 with microglia, astrocytes, and neurons in sham and 

SAH (n=2 for each group).

Experiment 2: short-term outcome study—To study the neuroprotective effect of 

EPZ6438, a total of 30 rats were randomly assigned into 5 groups with n=6 per group: sham, 

SAH + vehicle, SAH + EPZ6438 (1mg/kg), SAH + EPZ6438 (3mg/kg), SAH + EPZ6438 

(9mg/kg). EPZ6438 was administered at 1h after SAH via i.p. Neurological scores and brain 

water content were measured at 24h after SAH.

To explore the efficacy of EPZ6438 on neuroinflammation, microglia activation and 

neutrophil infiltration were detected at 24h after SAH. An additional 9 rats were randomly 

divided into 3 groups with n=3 per group: sham, SAH + vehicle, SAH + EPZ6438 (3mg/kg).

Experiment 3: long-term outcome study—To explore the effects of EPZ6438 on 

long-term neurobehavioral function, a total of 30 rats were randomly assigned into 3 groups 

with n=10 per group: sham, SAH + vehicle, SAH + EPZ6438 (3mg/kg). To evaluate the 

sensorimotor coordination and balance ability of rats, the Rotarod test was performed at day 

7, day 14, and day 21 after SAH. In addition, the Morris water maze was used to assess the 

spatial learning and memory of the rats, and it was performed on days 21–25 after SAH.

Experiment 4: mechanism study—Experiment 4 was divided into two parts. The first 

part was to explore the underlying mechanism of EPZ6438-mediated anti-

neuroinflammation effects after SAH, SOCS3 siRNA was administered via i.c.v 48h before 

SAH. Thirty rats were randomly divided into 5 groups with n=6 per group: sham, SAH + 

vehicle, SAH + EPZ6438, SAH + EPZ6438 + SOCS3 si RNA, SAH + EPZ6438 + scr 

siRNA. Western blot was detected at 24h after SAH.
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The second part was to assess the role of H3k27me3 on the anti-neuroinflammatory effects 

of EPZ6438, H3k27me3 activating CRISPR was administered by i.c.v 48h before SAH. An 

additional 12 rats were randomly divided into SAH+EPZ6438+H3k27me3 CRISPR and 

SAH+EPZ6438+scr CRISPR group (n=6 in each group) and then compared with sham, 

SAH + vehicle, SAH + EPZ6438 (shared with the first part). Western blot was detected at 

24h after SAH.

SAH grade

SAH Grade was used to evaluate the severity of SAH as previously described.15 Briefly, the 

basal cistern was divided into six sections, each section was given a grade of 0–3 according 

to the following criteria: 0 = no SAH; 1 = minimal SAH; 2 = SAH with recognizable vessels; 

3 = SAH without recognizable vessels. The total scores ranged from 0 to 18, and the rats 

with scores < 8 were excluded from this study. SAH grade was evaluated in a blinded 

manner.

Brain water content

A wet-dry method was used to measure the brain water content as previously reported.16 

Briefly, the brains were divided into four parts: left hemisphere, right hemisphere, brain 

stem, and cerebellum. After harvesting the brains, each part was weighed immediately as the 

wet weight, and then weighed again after 72h at 100°C as the dry weight. Brain water 

content was calculated as (wet weight – dry weight)/wet weight × 100%.

Modified Garcia score and Beam balance test

Modified Garcia score and Beam balance test were performed in a blinded manner to assess 

the short-term neurological function as previously reported.17 Briefly, the modified Garcia 

score is composed of six tests as follows: spontaneous activity, spontaneous movement of 

the four limbs, body proprioception, whisker proprioception, forepaw outstretching, and 

climbing. The total score was calculated as the sum of six tests with a cumulative score 

ranging from 3 to 18, with higher scores indicating better neurological function. Beam 

balance test is used to assess the rats’ ability to walk on the wooden beam for 1 minute. The 

evaluation was as follows: 0 = not walk and fall; 1 = not walk but remains on beam; 2 = walk 

but fall; 3 = walk < 20 cm; 4 = walk beyond 20cm.

Rotarod test and Water Maze test

The rotarod test was performed on days 7, 14, and 21 to assess the sensorimotor 

coordination ability of animals by a blinded investigator as previously described.18 Briefly, 

the rotarod speed started from 5rpm and 10rpm, with a 2rpm increase in speed every 5s. The 

duration of rats on the rotarod machine was recorded. The Morris water maze was 

performed at day 21–25 after SAH as previously described. On the last day, A 60s probe 

trial was performed on the rats’ ability to find the platform, which had already been 

removed. Escape latency, probe quadrant duration, and swimming velocity were recorded by 

the tracking system.
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Western blot analysis

Western blot was performed as previously reported.19 Briefly, the rats were sacrificed at 3h, 

6h, 12h, 24h, and 72h after SAH. Rats were anesthetized and perfused with 0.1M PBS, and 

the left hemispheres were immediately harvested. Samples were mixed with RIPA, after 

centrifuged at 14000g for 20min (4°C), the supernatants were collected. A protein assay kit 

was used for measuring the protein concentration of the samples. Equal amounts of proteins 

(40μg) were loaded onto the SDS-PAGE gel and transferred onto polyvinylidene fluoride 

membranes. Membranes were incubated with primary antibodies against EZH2 (1;1000, 

ab191080, Abcam, USA), H3K27Me3 (1:1000,ab6002, Abcam, USA), H3 (1:1000, ab1791, 

Abcam, USA), SOCS3(1:1000, ab14939, Abcam, USA), TRAF6 (1:1000, ab227560, 

Abcam, USA), NF-κB(1:1000, ab16502, Abcam, USA), IL-1β (1:1000, ab9722, Abcam, 

USA), IL-6 (1:1000, ab6672, Abcam, USA), TNF-α (1:1000, ab1793, Abcam, USA), and 

IL-10 (1:1000, ab33471, Abcam, USA) overnight at 4°C. On the following day, secondary 

antibodies were incubated at room temperature for 2h. The bands were visualized by ECL 

reagents. The proteins band densities were analyzed with Image J software.

Immunofluorescence

The rats were anesthetized with isoflurane and transcardially perfused with 0.1M PBS and 

followed with 10% formalin. The brains were immersed in 10% formalin for 48h at 4°C, and 

then dehydrated in 30% glucose for 72h. Brain samples were cut into 10-μm-thick coronal 

sections using a cryostat. Brain slices were rinsed and blocked with 5% donkey serum for 1h 

at room temperature. Slices were incubated with primary antibodies against EZH2 (1:200, 

ab191080, Abcam, USA), H3K27Me3 (1:200,ab6002, Abcam, USA), Iba-1 (1:200, ab5076, 

Abcam, USA), NeuN (1:200, ab103224, Abcam, USA), GFAP (1:200, ab53554, Abcam, 

USA), MPO (1:200, ab208670, Abcam, USA), CD16 (1:200, ab211151, Abcam, USA), 

CD206 (1:200, sc-70585, Santa Cruz, USA) overnight at 4°C. On the following day, the 

slices were incubated with fluorophore-conjugated secondary antibodies for 2h at room 

temperature. After adding DAPI, the brain slices were visualized under a fluorescence 

microscope.

Statistical analysis

All data were expressed as mean ± SD, statistical analyses were performed with Graph Pad 

Prism 6.0. One-way ANOVA, followed by Tukey’s post-hoc test, was used to compare 

multiple groups; Two-way ANOVA, followed by Tukey’s post-hoc test was used to compare 

the changes according to the different levels of multiple categorical variables (Brain water 

content, long-term neurological function). Statistical significance was defined as P<0.05.

Results

Mortality and SAH grade

A total number of 175 male rats were used in this study, and 5 rats were excluded for mild 

SAH grade. The total mortality of SAH rats was 13.9% (19/137), no rat died in sham group. 

(Supplementary Table I) There was no significant difference of SAH grade among all SAH 

Luo et al. Page 6

Stroke. Author manuscript; available in PMC 2021 November 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



groups. (Supplementary Figure I) Blood clots were mainly distributed around the Circle of 

Willis in the SAH rats, but no blood clots were observed in sham rats.

Temporal patterns and cellular colocalization of EZH2 and H3K27Me3

Western blot was used to detect the protein levels of EZH2 and H3K27Me3 in sham, 3h ,6h, 

12h, 24h, and 72h after SAH. Results showed that the EZH2 and H3K27Me3 expressions 

started to increase at 3h, peaked at 24h, and was down-regulated at 72h after SAH. (Figure1 

A) Double immunofluorescence staining was performed to show the localization of EZH2 

and H3K27Me3 with microglia, neurons, and astrocytes. EZH2 and H3K27Me3 were 

expressed in all three types of cells. (Figure 1B, C)

EPZ6438 treatment improved short-term neurobehavioral functions and reduced brain 
edema after SAH

Modified Garcia score and Beam Balance test were performed to assess the neurological 

functions at 24h after SAH. After SAH, the modified Garcia score and Beam Balance score 

were significantly worse compared to the sham group. The administration of EPZ6438 

(3mg/kg) significantly increased both Modified Garcia Score and Beam Balance score at 

24h after SAH. The brain water content in the left hemisphere and right hemisphere was 

significantly increased in the SAH+vehicle group compared to the sham group, while 

administration of EPZ6438 significantly reduced brain water content in left hemisphere. 

However, there were no significant differences of the brain water content in the cerebellum 

and brain stem between sham and SAH groups. (Figure 2A). According to the neurological 

behavior results, EPZ6438 at 3mg/kg was chosen for the following study.

EPZ6438 administration reduced microglial activation and neutrophil infiltration, and 
induced the conversion of M1 into M2 at 24h at SAH

To explore the effect of EPZ6438 on neuroinflammation, immunofluorescence staining for 

microglia activation, neutrophil infiltration, and microglia phenotypes was performed. At 

24h after SAH, microglia were activated, as demonstrated by increased Iba-1 positive cells, 

bigger soma size, and less ramified morphology compared to the quiescent microglia in 

sham group. EPZ6438 treatment decreased the number of Iba-1 positive cells and reduced 

the soma size of microglia compared to the vehicle group. (Figure 2B) In addition, MPO-

positive cells (considered as neutrophil) were significantly increased in SAH + vehicle group 

compared with the sham group, while EPZ6438 effectively reduced neutrophil infiltration 

compared to the vehicle group. (Figure 2C) In addition, EPZ6438 significantly decreased 

CD16 positive cells (M1 microglia) compared to the vehicle group, while increased CD206 

positive cells (M2 microglia). (Figure 2D)

EPZ6438 treatment improved long-term neurobehavioral deficits after SAH.

To assess the sensorimotor coordination of rats, the rotarod test was performed on days 7, 

14, and 21. Compared to the sham group, the falling latency was significantly shorter at both 

5 rpm and 10 rpm in the SAH + vehicle. EPZ6438 treatment improved the performance of 

rotarod test compared to the vehicle group. (Figure 3A)
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In the water maze test, the escape latency was much longer, and the rats travelled a greater 

distance to find the platform in the SAH + vehicle group on day 3 and day 4 compared to 

sham group. EPZ6438 treatment significantly improved the performance on day 3 and day 4 

(Figure 3C). In probe quadrant trials, compared to the sham group, the time spent in the 

target quadrant was significantly decreased in the SAH + vehicle group. EPZ6438 

administration notably increased the duration of time that the rats spent in the target 

quadrant. (Figure 3B)

Inhibition of EZH2 by EPZ6438 attenuated neuroinflammation via H3k27me3/SOCS3/
TRAF6/NF-κB pathway after SAH

To explore the underlying anti-neuroinflammatory mechanism of EPZ6438 post SAH, 

SOCS3 siRNA was injected via i.c.v to inhibit the expression of SOCS3. The expression 

levels of EZH2, H3K27Me3, pathway-related proteins SOCS3, TRAF6, and NF-κB p65, as 

well as pro-inflammatory cytokines TNF-α, IL-6, and IL-1β were all significantly increased 

in the SAH + vehicle group compared with the sham group. EPZ6438 treatment significantly 

decreased the levels of EZH2, H3K27Me3, pathway-related proteins TRAF6, NF-κB p65, 

and pro-inflammatory cytokines TNF-α, IL-6, IL-1β, but increased the expressions level of 

SOCS3 and anti-inflammatory cytokine IL-10. However, inhibition of SOCS3 by SOCS3 

siRNA abolished the effect of EPZ6438 on SOCS3, TRAF6, NF-κB p65, and pro-

inflammatory cytokines TNF-α, IL-6, and IL-1β, as well as anti-inflammatory cytokine 

IL-10, but had no effect on EZH2 and H3K27Me3. (Figure 4A, B) Consistently, activating 

H3k27me3 by CRISPR significantly increased the level of H3k27me3 and abolished the 

effect of EPZ6438. (Figure 5A, B)

Discussion

In the present study, the neuroprotective effect of EPZ6438 and the underlying mechanisms 

after SAH in rats were explored. The results revealed that at 24h after SAH, the expression 

levels of EZH2 and H3K27Me3 significantly increased compared to the sham group. EZH2 

and H3K27Me3 were co-localized in microglia, neurons, and astrocytes. Inhibition of EZH2 

by EPZ6438 improved short- and long- term neurological deficits, ameliorated brain edema, 

reduced microglial activation, neutrophil infiltration, and induced the conversion of M1 into 

M2 microglia. EPZ6438 treatment significantly decreased expressions of EZH2 and 

H3K27Me3 and pro-inflammatory cytokines, but increased expressions of SOCS3 and anti-

inflammatory cytokine. Furthermore, SOCS3 siRNA and H3K27Me3 CRISPR abolished the 

anti-neuroinflammatory effect of EPZ6438, and reversed its effect on the SOCS3/TRAF6/ 

NF-κB signaling pathway. Taken together, our findings indicate that inhibition of EPZ6438, 

via selective inhibitor EPZ6438, attenuates neuroinflammation after SAH, possibly through 

the SOCS3/TRAF6/ NF-κB pathway.

There is abundant evidence documenting the relationship between histone methylation and 

inflammatory diseases.20–23 Targeting EZH2 methyltransferase activity has been proven to 

be effective in multiple inflammatory diseases, such as intestinal inflammation, neuropathic 

pain, and allergic inflammation.5, 6, 24–26 The inhibition of EZH2 by its inhibitor, GSK343, 

decreased pro-inflammatory cytokines, delayed onset of colitis, and alleviated the symptoms 
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of ongoing colitis.5 Studies have reported that EZH2 deficiency prevented CD4+ T cells and 

antigen-specific IgE development, and thus inhibited lung inflammation and mucous 

hypersecretion, the mechanism is possibly due to the requirement of EZH2 in generating 

antigen-specific memory. Additionally, inhibition of EZH2 by GSK126 significantly 

ameliorated airway inflammation and hyperresponsiveness in the in vivo study.27, 28 EZH2 

played an important role in the immune responses of central nervous system diseases. EZH2 

mRNA expression significantly increased in BV-2 microglial cells after the stimulation of 

lipopolysaccharide. Principal component analysis revealed that genes encoding molecules 

involved in the response of inflammation were down-regulated after EPZ6438 

administration.7 Similarly, cell-specific knockouts of EZH2, using selective inhibitors, 

suppressed the activation of microglia after triggering Toll-like receptors.29 More 

importantly, EZH2 has been recognized to play a vital role in stroke. The expression of 

EZH2 was up-regulated in transient middle cerebral artery occlusion model, while inhibition 

of EZH2 by DZNep suppressed microglial activation, reduced infarct volume, and improved 

behavioral performance in mice after ischemia.8 EZH2 promoted neuronal differentiation of 

human mesenchymal stem cells, and transplantation of human mesenchymal stem cells with 

EHZ2 knocked out significantly improving the neurological deficits after cerebral ischemia 

in rats.30 EZH2, a histone methyltransferase, catalyzes H3K27me3, which in turn controls 

gene transcription.31 H3K27me3 demethylase inhibitor, GSK-J4, was proven to suppress 

microglial activation and exert immunosuppressive effects in macrophages.32

SOCS3 is a member of the SOCS family, and is well-known for its role as an intracellular 

negative regulator of inflammation.11, 33 SOCS3 gene harbored several EZH2 intervals by 

ChIP coupled with quantitative PCR assays. Furthermore, compared with the wild type cells, 

the expression level of SOCS3 was significantly increased in EZH2-deficienct macrophages.
29 As a member of the TNF receptor family, TRAF6 functions in many physiological 

processes, including cell death and survival.34, 35 Studies have reported that SOCS3 directly 

interacted and degraded TRAF6 via hyperubiquitination. A deficiency of TRAF6 paralyzed 

NF-κB signaling, indicating that TRAF6 also functions as an inflammatory adaptor.36

EPZ6438 was the first EZH2 inhibitor to enter clinical trials for its great efficacy in treating 

non-Hodgkin Lymphoma, and is therefore safe for patients.37 EPZ6438 inhibits EZH2 in a 

manner competitive with the substrate S-adenosylmethionine (that is, EPZ6438 and S-

adenosylmethionine binding to EZH2 is mutually exclusive, such that only one or the other 

ligand can bind, but both cannot bind to the enzyme simultaneously), and noncompetitive 

with the peptide or nucleosome substrate (that is, EPZ6438 binding is not mutually exclusive 

or synergistic with binding of the peptide/nucleosome substrate of the enzymatic reactions).
10, 38 However, the efficacy of EPZ6438 in inflammatory diseases remains under 

investigation. As mentioned above, EPZ6438 treatment repressed pro-inflammatory genes in 

BV-2 microglial cells. Consistently, the present study showed that inhibition of EZH2 by 

EPZ6438 significantly reduced inflammatory cytokines, improved short- and long-term 

outcome after SAH in rats, and that the neuroprotective effect of EPZ6438 could be partly 

reversed by SOCS3 siRNA. Taken together, our results suggested that the SOCS3/

TRAF6/NF-κB signaling pathway may underlie the anti-neuroinflammatory and 

neuroprotective effects of EPZ6438 after SAH.
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There are still some limitations in the present study. First, this study mainly focused on 

neuroinflammation, however, the effects of EZH2 inhibition on other mechanisms, such as 

apoptosis and blood-brain barrier breakdown, after SAH are required to be investigated. 

Second, our study and previous study indicated EPZ6438 treatment decreased the expression 

level of EZH2,7 but the mechanisms need to be further explored. At last, we demonstrated 

the important role of SOCS3/TRAF6/NF-κB signaling in the anti-neuroinflammatory effect 

of EZH2 inhibition. However, other signaling pathways underlying this effect should also be 

addressed in the future.

Conclusions

We concluded that the inhibition of EZH2 by EPZ6438 reduced neuroinflammation via 

H3K27Me3/ SOCS3/TRAF6/NF-κB after SAH in rats. EZH2 inhibition may provide a 

promising therapeutic strategy for SAH.
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Figure 1. Expression of EZH2 and H3K27me3 after SAH
(A) Representative Western blot images and quantitative analyses of EZH2 and H3K27me3 

time course after SAH. n=6 per group. (B) Double immunofluorescence staining for EZH2 

(green) in the neuron (NeuN, red), astrocytes (GFAP, red) and microglia (Iba-1, red) in the 

left basal cortex at 24h after SAH. n=2 per group. (C) Double immunofluorescence staining 

for H3K27Me3 (green) in the neuron (NeuN, red), astrocytes (GFAP, red) and microglia 

(Iba-1, red) in the left basal cortex at 24h after SAH. n=2 per group. One-way ANOVA. 

*P<0.05 vs. sham group. Bars represent mean ± SD. Scale bar = 50 μm.
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Figure 2. EPZ6438 improved the short-term neurobehavior after SAH
(A) Modified Garcia score, beam balance score and brain water content. n=6 per group. (B) 

Immunofluorescence staining for microglia (Iba-1). n=3 per group. Scale bar = 20 μm. (C) 

Immunofluorescence staining for neutrophil (MPO). n=3 per group. Scale bar = 20 μm. (D) 

Immunofluorescence staining for M1 (CD16) and M2 (CD206) microglia. n=3 per group. 

Scale bar = 40 μm. One-way and two-way (brain water content) ANOVA. *P<0.05 vs. sham 

group. #P<0.05 vs. SAH + vehicle group. Bars represent mean ± SD.
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Figure 3. EPZ6438 improved the long-term neurobehavior after SAH
(A) Rotarod test of 5RPM and 10RPM. (B) Probe quadrant duration and typical traces of 

water maze. (C) Swim distance and escape latency. n=10 per group. One-way (B) and Two-

way (A, C) ANOVA. *P<0.05 vs. sham group. #P<0.05 vs. SAH + vehicle group. Bars 

represent mean ± SD.
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Figure 4. The effects of SOCS3 siRNA in the protein expression of EZH2, H3K27me3, H3, 
SOCS3, TRAF6, NF-κB, TNF-α, IL-6, IL-1β, IL-10.
(A)Representative Western blot images and quantitative analyses (B) of EZH2, H3K27me3, 

H3, SOCS3, TRAF6, NF-κB, TNF-α, IL-6, IL-1β, IL-10. One-way ANOVA. *P<0.05 vs. 

sham group. #P<0.05 vs. SAH + vehicle group. &P<0.05 vs. SAH + EPZ6438 group. 

φP<0.05 vs. SAH+EPZ6438+SOCS3 siRNA group. Bars represent mean ± SD.
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Figure 5. The effects of H3K27me3 CRISPR in the protein expression of EZH2, H3K27me3, H3, 
SOCS3, TRAF6, NF-κB, TNF-α, IL-6, IL-1β, IL-10.
(A)Representative Western blot images and quantitative analyses (B) of EZH2, H3K27me3, 

H3, SOCS3, TRAF6, NF-κB, TNF-α, IL-6, IL-1β, IL-10. *P<0.05 vs. sham group. #P<0.05 

vs. SAH + vehicle group. &P<0.05 vs. SAH + EPZ6438 group. φP<0.05 vs. SAH

+EPZ6438+H3K27me3 CRISPR group. Bars represent mean ± SD.
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