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Abstract 

The epigenetic modification of histone H3 lysine 27 trimethylation (H3K27me3) by the embryonic ectoderm devel-
opment (EED) protein is closely associated with the regulation of transcriptional programs and is implicated in auto-
immune diseases. However, the efficacy of targeting H3K27me3 for the treatment of neuroinflammation remains 
unclear. In this study, we demonstrate that systemic administration of an EED inhibitor diminishes the inflammatory 
response mediated by dendritic cells (DCs), thereby alleviating experimental autoimmune encephalitis (EAE), a repre-
sentative mouse model of autoimmune diseases in the central nervous system (CNS). Our findings indicate that EED 
inhibitors suppress DC migration by upregulating genes in the WNT signaling pathway that are epigenetically marked 
by H3K27me3. Conversely, inhibiting the WNT pathway partially reverses the impaired DC migration caused by EED 
inhibitors. Additionally, the genetic deletion of Eed inhibits DC migration and effectively mitigates autoimmune 
symptoms and inflammatory infiltration into the CNS in EAE. These results highlight EED as a critical regulator of DC 
migration and suggest its potential as a therapeutic target for autoimmune disorders.
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Introduction
Histone modifications, which are followed with altera-
tions in chromatin reorganization and genetic tran-
scription, are pivotal events essential for vertebrate 
development [1, 2]. The trimethylation of histone H3 
lysine K27 (H3K27me3) is a well-established mark that 
plays a critical role in chromatin compaction and tran-
scriptional repression [3–5]. The polycomb repressive 
complex 2 (PRC2), which is the sole complex that cata-
lyzes H3K27me3, comprises three core subunits: the 
methyltransferase EZH2 (enhancer of zeste homolog 
2), which acts as a “writer” of the methylation mark, the 
methyl group-binding EED (embryonic ectoderm devel-
opment) subunit, which serves as a “reader” of methyl-
ated H3K27, and the SUZ12 (suppressor of zeste 12) 
[3–5]. The development of small molecule inhibitors 
that target these epigenetic regulators has shown great 
promise in disease intervention, especially with the com-
mercial availability of the EZH2 inhibitor Tazemetostat 
and the ongoing clinical trials for several allosteric EED 
inhibitors [6]. However, the majority of research and clin-
ical trials have concentrated on cancer treatment, and the 
potential roles of these inhibitors in other diseases are 
not yet fully understood [6, 7].

Accumulating evidence suggests that H3K27me3 plays 
fundamental roles in autoimmune diseases in the central 
nervous system (CNS), such as multiple sclerosis (MS). 
MS is a chronic, neurodegenerative disorder that is pri-
marily characterized by demyelination, axonal loss, and 
multifocal inflammation within the CNS [8, 9]. A reduc-
tion in EZH2 expression has been noted in peripheral 
blood mononuclear cells from MS patients compared to 
that from controls [10]. Network-based analysis reveals 
that EED and EZH2 genes in cerebrospinal fluid are iden-
tified as potential candidate genes for MS therapy [11]. 
Although the overall genome-wide H3K27me3 levels 
don’t differ significantly in CD4+ T cells from WT and 
experimental allergic encephalomyelitis (EAE) mice, a 
well-established mouse model of MS, the intensity of the 
histone marks in certain genomic regions is significantly 
altered in EAE mice [12, 13]. Notably, Ezh2 deficiency in 
macrophages is able to inhibit H3K27me3 and stimulate 
the expression of anti-inflammatory gene Socs3, thus hin-
dering autoimmune inflammation of EAE [12, 13]. Thus, 
PRC2/H3K27me3 may accelerate inflammation in MS 
and be a potential target for disease intervention.

However, the role of PRC2 components or H3K27me3 
varies across different immune cells. For instance, Ezh2 
deficiency in dendritic cells (DCs) impairs integrin-
dependent transendothelial migration and reduces 
inflammation in EAE mice, but in a manner that is inde-
pendent of H3K27me3 [14]. In contrast, Suz12 deple-
tion in DCs significantly reduces their ability to maintain 

H3K27me3 levels, yet it does not affect their develop-
ment or the efficiency of their immune responses [15]. 
On the other hand, T cells with Eed deficiency show 
an impaired response to TGF-β in  vitro, leading to 
decreased induction of FOXP3 expression and increased 
expression of molecules associated with non-Treg cell 
differentiation, such as Runx3 in CD8+ cells, which exac-
erbates inflammation [16, 17]. Furthermore, Zbtb46 and 
HSP70L1 contribute to the maintenance of repressive 
H3K27me3 marks in costimulatory and major histocom-
patibility complex (MHC) molecules, thereby inhibiting 
DC maturation [18, 19]. Taken together, the complex role 
of PRC2 and H3K27me3 in EAE is not fully understood 
and warrants further investigation.

Herein, we demonstrated that EED inhibitors not only 
block DC migration but also mitigate the inflammatory 
response in an EAE mouse model, suggesting signifi-
cant therapeutic potential for neuroinflammatory dis-
eases. By generating Eed conditional knockout mice, we 
further discovered that treatment with EED inhibitors 
upregulates WNT signaling pathway genes, which are 
targeted by H3K27me3 in DCs. Inhibition of the WNT 
pathway can partially reverse the impaired DC migration 
caused by EED inhibitors. Additionally, the inhibitory 
effect of EED inhibitors on DC migration was confirmed 
in human DCs. Thus, our findings uncover a previously 
unidentified role of EED in epigenetic regulation of DC 
migration and EAE prevention, offering a promising new 
avenue for autoimmune diseases therapy.

Results
Mice treated with EED inhibitors are refractory 
to the development of EAE
Considering the complex and inconsistent roles of PRC2 
or H3K27me3 in the pathogenesis of EAE and multiple 
immune cells, the precise contribution of H3K27me3 to 
EAE development remains to be elucidated. In this study, 
we delve into the impact of EED226, an EED inhibitor 
that can reduce H3K27me3 levels, on both the progres-
sion and inflammatory pathology of EAE. EED226 was 
administrated at a dosage of 40 mg/kg, twice daily, in an 
EAE mouse model (Fig.  1A). The clinical signs of EAE, 
including tail tip, hindlimb, and forelimb paralysis, typi-
cally emerged by day 8 post-immunization (dpi 8), and 
peaked from dpi 21 to dpi 30. Notably, EED226 treatment 
resulted in a significant attenuation of disease sensitiv-
ity and a marked alleviation of symptoms throughout the 
disease progression (Fig.  1B). Expectedly, hematoxylin 
and eosin (H&E) staining demonstrated a robust sup-
pression of inflammatory infiltration in the demyelinated 
regions after EED226 treatment (Fig. 1C). Luxol fast blue 
(LFB) and electron microscopy analysis indicated that 
EED226-treated EAE mice exhibited a more preserved 
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myelin sheath in the damaged lumbar spinal cord com-
pared to vehicle-treated EAE mice (Fig.  1C–E). These 
data underscored the protective effect of EED226 in the 
EAE mouse model.

Given the key role of T cells in the immune responses 
associated with MS [9, 20], our study sought to deline-
ate the modification in T cell activation induced by 
EED226 treatment in EAE mice using flow cytometry. 
Results showed that EED226 treatment significantly 
expanded the population of CD4+CD62LhiCD44lo naive 
T cells and concurrently reduced the proportion of 
CD4+CD62LloCD44hi central memory T cells (Fig.  1F). 
Additionally, the differentiation of pro-inflammatory 
Th1 (CD4+IFN-γ+) and Th17 (CD4+IL-17+) subsets was 
markedly suppressed following EED226 administration in 
EAE mice (Fig. 1G). Antigen presenting cells, particularly 
DCs, are well-established for their capacity to capture 
antigens, migrate to lymph nodes or the spleen, and pre-
sent antigens to T cells, thereby initiating and amplifying 
inflammation and myelin damage in MS [21, 22]. Nota-
bly, flow cytometry analysis revealed a significant reduc-
tion in the percentage of migratory CD11c+ DCs within 
splenic cells following EED226 administration (Fig. 1H), 
as well as the proportion of mature DCs, identified by 
CD11c+CD80+ or CD11c+MHC-II+ markers (Fig.  1I). 
However, the ratio of CD80+ or MHC-II+ mature DCs 
within the total CD11c+ DC population remained com-
parable between vehicle and EED226-treated EAE mice 
(Fig.  1J), suggesting a critical role for EED inhibitors in 
modulating DC migration rather than maturation in the 
context of EAE. Altogether, these results underscored 
the inhibitory effect of EED226 on immune activation, 
thereby conferring resistance to EAE development.

EED inhibitors restrain DC migration in an EED‑dependent 
way
Expanding upon the aforementioned findings, we 
proceeded to examine the inhibitory effects of EED 

inhibitors on cultured DCs. A panel of EED inhibitors, 
including A395, MAK683, EEDi-5285, and EED226, was 
incubated with the mouse dendritic cell line DC2.4. A 
survival assay revealed no significant cytotoxicity at the 
concentrations up to 10  μM for these EED inhibitors 
(Fig.  2A). Given that these inhibitors primarily bind to 
the H3K27me3-binding pocket of EED and then prevent 
allosteric activation of the catalytic activity of EED [7, 
23–25], subsequent western blotting analysis confirmed 
the effective reduction of H3K27me3 levels but not EED 
protein by A395, MAK683, and EEDi-5285 at 5 μM, and 
by EED226 at 10  μM (Fig.  2B). To assess the impact of 
EED inhibitors on DC migration, we then conducted an 
in vitro transwell assay coupled with crystal violet stain-
ing, in response to the chemokines CCL19 and CCL21 
[26], which are pivotal for mature DC migration (Fig. 2C). 
The results demonstrated a significant inhibition of DC 
migration from the upper to the lower chamber in the 
presence of EED inhibitors (Fig. 2D). Besides, our immu-
nofluorescence assays showed that F-actin cytoskeleton, 
which is typically polarized or dispersed near the cell sur-
face or antennae for the extension of the pseudopods and 
DC migration [26, 27], was predominantly localized near 
the nucleus in both control and EED inhibitor-treated 
DC2.4 cells (Fig.  2E), indicating that EED inhibitors 
restricted the formation of pseudopods in DCs. Moreo-
ver, EED overexpression partially reversed the suppres-
sive effects of these inhibitors on H3K27me3 expression 
and DC migration, suggesting that their functionality is 
at least partially mediated through EED (Fig. 2F–H). Col-
lectively, these findings depicted a potent suppression of 
DC migration by EED inhibitors.

EED inhibitors regulate the transcriptional program 
necessary for DC migration
To understand the molecular mechanism by which EED 
inhibitors regulate DC migration, we subjected LPS-
induced DC2.4 cells to treatment with either vehicle or 

(See figure on next page.)
Fig. 1  EED226 ameliorates symptoms and inflammation in EAE mice. A Scheme for the induction, assessment and drug administration of EAE 
mice. B Clinical scores of vehicle or EED226 treated EAE mice. n = 10 animals, 5 animals are sacrificed for the histopathological examination 
and flow cytometry analysis at day 22 post immunization (dpi 22). * indicates a statistically difference when compared with EAE + vehicle group. C 
Representative images of H&E staining (top) and LFB staining (bottom) for spinal cords from vehicle or EED226 treated EAE mice at dpi 22. Scale bar: 
50 μm. n = 3. D Bar graph for LFB staining analysis of the demyelinated area in the spinal cords of vehicle or EED226 treated EAE mice at dpi 22. n = 3. 
E Representative images (left) and bar graph (right) for electron microscopy analysis of the demyelination in the spinal cords of vehicle or EED226 
treated EAE mice at dpi 22. Scale bar: 2 μm. n = 3. F Representative images (left) and bar graph (right) for flow cytometry analysis of the frequency 
of naïve T cells (CD4+CD62LhiCD44lo) and central memory T cells (CD4+CD62LloCD44hi) in the spleen of vehicle or EED226 treated EAE mice at dpi 
22. n = 3. G Representative images (left) and bar graph (right) for flow cytometry analysis of the frequency of Th1 (CD4+IFN-γ+) and Th17 (CD4+IL-17+) 
in the spleen of vehicle or EED226 treated EAE mice at dpi 22. n = 3. H Representative images (left) and bar graph (right) for flow cytometry 
analysis of the frequency of total DCs (CD11c+) in the spleen of vehicle or EED226 treated EAE mice at dpi 22. n = 3. I Representative images (left) 
and bar graph (right) for flow cytometry analysis of the frequency of mature DCs (CD11c+CD80+, CD11c+MHC-II+) in the spleen of vehicle or EED226 
treated EAE mice at dpi 22. n = 3. J Bar graph for flow cytometry analysis of the percentage of CD80+ or MHC-II+ in CD11c+ DCs in the spleen 
of vehicle or EED226 treated EAE mice at dpi 22. n = 3. Data are presented as mean ± SD. *, P < 0.05; **, P < 0.01; ***, P < 0.001; ns, not significant
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EEDi-5285, an EED inhibitor, and performed transcrip-
tome profiling. Principal components analysis (PCA) 
distinctly segregated the transcriptomes of the vehicle 
and EEDi-5285 groups (Fig. 3A). Further analysis using 
a volcano plot and heatmap identified a cohort of dif-
ferentially expressed genes (fold change > 2, P < 0.05) 
between the EEDi-5285 and vehicle groups, comprising 

565 genes that were significantly upregulated and 156 
that were significantly downregulated in EEDi-5285 
group (Fig.  3B, C). These findings are consistent with 
the anticipated outcome, given that the inhibition of 
EED-regulated H3K27me3 is associated with transcrip-
tional de-repression [4], leading to the activation of a 
multitude of genes.

Fig. 1  (See legend on previous page.)
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Furthermore, Gene Set Enrichment Analysis (GSEA) 
uncovered that the genes significantly downregulated in 
the EEDi-5285 group were predominantly enriched in 
gene signatures related to inflammatory response, micro-
tubule cytoskeleton organization, NF-κB activation, and 
Rho GTPases activate formins. Conversely, gene signa-
tures associated with the negative chemotaxis, negative 
regulation of inflammatory response, negative regulation 
of blood vessel endothelial cell migration, and TGF-β1 
signaling were enriched in the EEDi-5285 group, all of 
which are implicated in the migratory behavior of DCs 
(Fig.  3D). In consistence, genes pertinent to DC migra-
tion, such as Ccl9, Ccr7, Itgb7, Rhoa, Ripor2, Tubb6, and 
Cxcl2 exhibited reduced expression levels in the EEDi-
5285 group (Fig.  3E), thereby further corroborating the 
inhibitory effects of EED inhibitors on DC migration.

EED inhibitors suppress H3K27me3, thereby augmenting 
the WNT signaling pathway to repress DC migration
Given that EED functions as an epigenetic reader for the 
H3K27me3 mark, GSEA uncovered that genes upregu-
lated in the EEDi-5285 group were enriched in gene sig-
natures associated with H3K27me3 targets, EED targets 
and PRC2 targets (Fig.  3F–H). Notably, the expression 
levels of classical H3K27me3 target genes, such as Wnt7b, 
Trp53i11, and Lef1, were elevated in EEDi-5285 treated 
DC2.4 cells (Fig. 3I). To delineate genes directly targeted 
by the EED/H3K27me3 in DCs, an analysis of H3K27me3 
ChIP-seq data from human DCs was conducted [28]. The 
H3K27me3 peak signals were predominantly localized 
near the transcriptional start sites (TSS) in human DCs 
(Fig.  4A). Integration of ChIP-seq with RNA-seq data 
identified 431 genes with significant upregulation and 
H3K27me3 deposition (Fig.  4B), further substantiating 
the role of H3K27me3 following EEDi-5285 treatment. 
Kyoto Encyclopedia of Genes and Genomes (KEGG) and 
transcriptome analyses highlighted that pathways includ-
ing WNT, Hippo, Calcium, PI3K-AKT, and Rap1 were 

notably enriched and activated within the 431 overlapped 
genes after EED inhibitor intervention (Fig. 4C, D).

Interestingly, differentially expressed genes with high 
H3K27me3 occupancy in EEDi-5285-treated DCs, 
such as Wnt6, Frzb, and Sfrp2, were found predomi-
nantly associated with the WNT pathway (Fig.  4E, F). 
This implicated the WNT signaling pathway as a pivotal 
mediator of H3K27me3 effects in DCs modulated by EED 
inhibitors. GSEA substantiated the significant enrich-
ment of the WNT/β-catenin signaling cascade in DC2.4 
cells exposed to EEDi-5285 (Fig.  4G). qRT-PCR cor-
roborated the induction of WNT/β-catenin-responsive 
genes, including Wnt5a, Wnt10a, Frzb, Sfrp2, and Sfrp1, 
following treatment with a panel of EED inhibitors 
(Fig. 4H). However, these EED inhibitors lost their capac-
ity to inhibit DC migration upon treatment with WNT 
signaling inhibitor Wnt-C59, indicating WNT signaling 
activation was responsible for EED’s regulation of DC 
migration (Fig. 4I). In brief, our results delineated a novel 
regulatory mechanism whereby EED inhibitors enhance 
WNT signaling to stamp down DC migration.

Eed deficiency intercepts DC migration via WNT signaling
The impact of EED inhibitors on DC migration has 
implications for immune activation and the pathogen-
esis of EAE, suggesting the potential of EED as a thera-
peutic target for autoimmune diseases. To ascertain the 
specific effects of EED in DC regulation, we genetically 
deleted Eed in DCs by crossing Eed-floxed mice with 
mice expressing the CD11c-Cre driver specifically in 
DCs (Fig.  5A). We then isolated and cultured murine 
bone marrow-derived dendritic cells (BMDCs) from the 
resulting conditional Eed knockout mice (Eed flox/flox; 
CD11c-Cre mice, hereafter referred to as Eed cKO) and 
their littermate controls. Western blotting analysis con-
firmed the successful ablation of EED and the consequent 
reduction of H3K27me3 in Eed cKO BMDCs (Fig.  5B). 
Flow cytometry analysis revealed negligible effects of Eed 

Fig. 2  EED inhibitors impair the migration of DC2.4 cells. A SRB analysis for the survival rate of DC2.4 upon treatment with different EED inhibitors 
at various concentrations (0, 0.32, 0.63, 1.25, 2.5, 5, 10, 20 or 40 μM) for 24 h. n = 3. * indicates a statistically difference when compared with 0 μM. 
B Western blotting analysis (left) and corresponding quantification (right) for the expression of H3K27me3 and EED in DC2.4 after treatment 
with A395 (5 μM), MAK683 (5 μM), EEDi-5285 (5 μM) or EED226 (10 μM) for 24 h. n = 3. C Scheme for transwell analysis of chemokines-triggered 
migration of DC2.4 after treating with LPS or different EED inhibitors. D Representative images (left) and statistics (right) for transwell analysis 
together with crystal violet staining in DC2.4 after treating with A395 (5 μM), MAK683 (5 μM), EEDi-5285 (5 μM) or EED226 (10 μM) for 24 h and LPS 
(50 ng/mL) for 6 h. Scale bar: 200 μm. n = 3. E Immunostaining of F-Actin (green) in DC2.4 after treating with A395 (5 μM), MAK683 (5 μM), EEDi-5285 
(5 μM) or EED226 (10 μM) for 24 h and LPS (50 ng/mL) for 6 h. Scale bar: 10 μm. n = 3. F Western blotting analysis (left) and the corresponding 
quantification (right) for the expression of H3K27me3 in DC2.4 after transfection with HA-EED plasmid and treatment with A395 (5 μM), MAK683 
(5 μM), EEDi-5285 (5 μM) or EED226 (10 μM) for 24 h and LPS (50 ng/mL) for 6 h. n = 3. G Scheme for transwell analysis of chemokines-triggered 
migration of DC2.4 after transfection with HA-EED plasmid and treatment with LPS and EED inhibitors. H Representative images (left) and statistics 
(right) for transwell analysis together with crystal violet staining in DC2.4 cells after transfection with HA-EED plasmid and treatment with A395 
(5 μM), MAK683 (5 μM), EEDi-5285 (5 μM) or EED226 (10 μM) for 24 h and LPS (50 ng/mL) for 6 h. Scale bar: 200 μm. n = 3. Data are presented 
as mean ± SD. *, P < 0.05; **, P < 0.01; ***, P < 0.001; ns, not significant

(See figure on next page.)
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deficiency on the successful differentiation of bone mar-
row cells into DCs (Fig. 5C, D). Additionally, Eed knock-
out had minimal impact on DC maturation, as evidenced 
by the largely unchanged  proportions and numbers of 
CD80+, CD86+ or MHC-II+ cells in BMDCs (Fig. 5E, F).

Transwell assays revealed that Eed ablation signifi-
cantly inhibited DC migration in response to CCL19 
and CCL21 chemokines, and treatment with EED inhibi-
tors did not further decrease cell migration, suggesting 
that the effects of EED inhibitors are EED-dependent 

Fig. 2  (See legend on previous page.)
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(Fig.  5G). It has been reported DC cytoskeletal rear-
rangement is required for the formation of its immuno-
logical synapse. Besides, the inhibition of cell migration 
or motility can reduce cell-to-cell contact within the con-
fined space of co-culture systems [29–32]. Both of which 
are necessary for DC activation of T cell proliferation. 
As expected, Eed deficiency significantly inhibited DC-
induced differentiation of T cells into pro-inflammatory 
Th1 (CD4+IFN-γ+) and Th17 (CD4+IL-17+) subsets upon 
stimulation with LPS and MOG35-55 peptide (Fig.  5H). 
Consistent with the effects of EED inhibitors, qRT-PCR 
analysis revealed an upregulation of mRNA levels for 
genes involved in the WNT/β-catenin pathway, such as 
Wnt6, Wnt5a, and Sfrp2, in BMDCs derived from Eed 
cKO mice (Fig.  5I). Further, CUT&Tag-qPCR results 
showed that H3K27me3 enrichment in the promoters 
of WNT target genes,  like Wnt6, Wnt5a, and Wnt10a, 
was reduced significantly after  Eed deletion, indicating 
that EED directly regulates expression of these genes in 
BMDCs (Fig.  5J). Moreover, treatment with Wnt-C59 
successfully reversed the reduced cell migration observed 
in Eed cKO BMDCs (Fig.  5K), further supporting the 
necessity of EED for DC migration via WNT signaling.

Eed deficiency in DC alleviates EAE development
Subsequently, wild-type (WT) and Eed cKO mice were 
immunized to establish the EAE model. As antici-
pated, Eed cKO mice exhibited milder EAE symptoms 
throughout the disease progression and demonstrated 
reduced demyelination in the CNS when compared to 
WT mice (Fig.  6A–C). As expected, we observed a sig-
nificant decrease in inflammatory infiltration within the 
CNS of Eed cKO EAE mice at dpi 23, as evidenced by 
the reduced frequencies and total proportion and num-
bers of CD4+IFN-γ+ Th1 cells and CD4+IL-17+ Th17 
cells (Fig.  6D–F), alongside increased differentiation of 
anti-inflammatory CD4+IL-4+ Th2 cells and CD4+Foxp3+ 
Treg cells (Fig. 6G, H). Notably, flow cytometry analysis 
revealed a significant reduction in the percentage and 
numbers of CD11c+MHC-II+ DCs within the CNS of Eed 
cKO EAE mice (Fig.  6I, J). Besides, lower mRNA levels 
of Ifn-γ and increased expression of the anti-inflamma-
tory cytokine Il-4 were observed in the brain of Eed cKO 

EAE mice, further confirming that Eed deficiency in DCs 
impedes neuroinflammation in EAE model (Fig. 6K).

Furthermore, we also investigated peripheral immune 
activation in EAE mice. The percentages and total num-
bers of pro-inflammatory Th1 (CD4+IFN-γ+) and Th17 
(CD4+IL-17+) cells in the draining lymph nodes of Eed 
cKO EAE mice were suppressed notably when compared 
to WT EAE mice, while the differentiation of anti-inflam-
matory Th2 (CD4⁺IL-4⁺) and Treg (CD4⁺Foxp3⁺) cells 
were increased (Fig. 7A–E). Importantly, the proportions 
and total numbers of CD11c+ DCs and CD11c+CD80+ 
mature DCs were markedly lower in the spleen of Eed 
cKO mice, while the ratio of CD80+ mature DCs within 
the total CD11c+ DC population remained unchanged 
(Fig.  7F–I). This suggested that DC migration, rather 
than maturation, was impaired in Eed cKO EAE mice. 
In addition, we also examined the levels of autoimmune 
responses in the draining lymph nodes during the pla-
teau phase of EAE. Results showed that Eed deficiency 
continued to suppress the proportions and numbers 
of Th1, Th17 and DCs at dpi 30 (Supplementary Fig. 1). 
Overall, these data confirmed that mice lacking Eed in 
DCs exhibit resistance to DC migration and EAE devel-
opment, which is similar to the effects of EED inhibitors.

EED inhibitors suppress human DC migration
In order to substantiate the applicability of EED inhibi-
tors and EED as a target in humans, we conducted exper-
iments to assess its role in modulating the inflammatory 
responses of human monocyte-derived dendritic cells 
(moDCs). CD14+ monocytes were isolated using mag-
netic sorting and induced to differentiate into imma-
ture moDCs through exposure to human GM-CSF and 
IL-4. Subsequently, these cells were treated with EED 
inhibitors and stimulated with LPS to induce maturation 
(Fig.  8A). The morphological transitions from CD14+ 
monocytes (Day 0) to immature moDCs (Day 3), and 
subsequently to LPS-stimulated mature moDCs (Day 6 
and Day 7), were observable under microscopic exami-
nation (Fig.  8B). Additionally, the expression of CD209, 
a marker absent in monocytes but prominently expressed 
by moDCs, served as a confirmatory indicator of success-
ful moDC differentiation (Fig. 8C).

(See figure on next page.)
Fig. 3  EED inhibitors mediate the transcriptional programs for DC migration. A PCA of the transcriptome profiles of DC2.4 after treating 
with EEDi-5285 (5 μM) for 24 h and LPS (50 ng/mL) for 6 h. n = 3 independent experiments. B Volcano plot of the transcriptome profiles from vehicle 
and EEDi-5285 group (fold-change > 2, P < 0.05). C Heatmap analyses of the differentially expressed genes vehicle and EEDi-5285 group. D GSEA 
analyses of genes enriched in vehicle or EEDi-5285 group. E The relative counts of indicated genes in DC2.4 from vehicle and EEDi-5285 group. 
F–H GSEA enrichment scores for indicated gene sets in vehicle or EEDi-5285 group. I The relative counts of indicated genes in DC2.4 from vehicle 
and EEDi-5285 group. Data are presented as mean ± SD. *, P < 0.05; **, P < 0.01; ***, P < 0.001
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Fig. 3  (See legend on previous page.)
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Fig. 4  EED inhibitors block DC migration via promoting WNT signaling. A ChIP-seq analyses of H3K27me3 enrichment around TSS and TES 
regions in human DCs from GEO dataset GSE209566. Genes shown in rows were sorted in decreasing order by signal intensity. B Venn diagram 
of the overlapped genes between the H3K27me3-bound genes in DCs and differentially up-regulated genes in EEDi-5285 group. C KEGG analyses 
of the signaling pathways that enriched in the 431 overlapped genes from (B). D Heatmap analyses of the representative genes involved in different 
pathways of (C) in vehicle and EEDi-5285 groups. E Bland–Altman plot showing H3K27me3 ChIP-seq peaks in DCs with upregulated genes 
in EEDi-5285 group. F Representative H3K27me3 ChIP-seq peak tracks of indicated genes in DCs. G GSEA enrichment scores for WNT signaling 
in EEDi-5285group. H qRT-PCR analyses of the mRNA levels of WNT-related genes after treatment with A395 (5 μM), MAK683 (5 μM), EEDi-5285 
(5 μM) or EED226 (10 μM) for 24 h and LPS (50 ng/mL) for 6 h. n = 3. I Representative images (left) and statistics (right) for transwell analysis together 
with crystal violet staining in DC2.4 after treating with Wnt-C59 (5 μM), A395 (5 μM), MAK683 (5 μM), EEDi-5285 (5 μM) or EED226 (10 μM) for 24 h 
and LPS (50 ng/mL) for 6 h. Scale bar: 200 μm. n = 3. Data are presented as mean ± SD. *, P < 0.05; **, P < 0.01; ***, P < 0.001; ns, not significant
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Western blotting analysis suggested that EED inhibitors 
distinctly suppressed the levels of H3K27 trimethylation 
in moDCs by specifically targeting the H3K27me3 bind-
ing pocket of EED protein (Fig.  8D). In alignment with 
observations in murine cells, EED inhibitors enhanced 
the expression of WNT/β-catenin-responsive genes 
and substantially impaired the chemotactic response of 
mature moDC migration to CCL19 and CCL21 (Fig. 8E–
G). However, the expression of CD83, a co-stimulatory 
factor for human DC activation, was marginally affected 
by EED inhibitors, while the levels of MHC-II remained 
unchanged (Fig.  8H, I). Notably, with the exception of 
EED226, which decreased the production of TNF-α in 
moDCs, other EED inhibitors exerted minimal influence 
on the secretion of pro-inflammatory cytokine TNF-α 
and anti-inflammatory cytokine IL-10 (Fig. 8J). This sug-
gested a modest role for EED in the maturation of DCs. 
Taken together, our results highlighted an obstructive 
role of EED inhibitors in the migration of human DCs, 
potentially making EED a promising therapeutic target 
for human autoimmune disorders.

Discussion
Dendritic cells are pivotal in orchestrating both the 
innate and adaptive immune responses, playing a criti-
cal role in maintaining tissue homeostasis and regu-
lating immune-mediated diseases such as MS [21, 33, 
34]. Upon activation, DCs capture antigens and subse-
quently migrate to the meningeal lymphoid vessels in a 
CCL19/21-mediated manner, thereby initiating CNS 
inflammation characteristic of MS [35]. In early-phase 
preclinical trials, the adoptive transfer of tolerogenic 
immature DCs or strategies aimed at reducing DC migra-
tion have shown promise in MS therapy [8, 36]. However, 
small molecule compounds targeting DCs that are cur-
rently under investigation remain either unsuccessful or 
in the preclinical phase. In this study, we demonstrated 
that both EED inhibitors and the selective deletion of 

Eed significantly suppressed DC migration and alleviated 
EAE through activating WNT pathway. Yet four allosteric 
EED inhibitors are currently in clinical trials for cancer 
treatment [6, 37], our findings may provide a promising 
strategy of targeting DC for MS treatment.

Administration of EED266 in  vivo mitigated the 
symptoms of EAE, which may be attributed to the sup-
pression of DC migration (Fig. 1). However, it is impor-
tant to acknowledge the indispensable roles of PCR2 
or H3K27me3 in other immune cells, such as T cells, B 
cells, and macrophage [17, 38, 39], which are crucial for 
MS progression. Thus, it is also of interest to investigate 
the involvement of these other immune cells in the con-
text of EAE in mice treated with EED226. In  vitro, we 
evaluated the effects of various EED allosteric inhibi-
tors on modulating DC phenotypes, and found similar 
inhibitory effects on global H3K27me3 levels, as well as 
on migration of DCs at the concentrations used in our 
study (Fig.  2). Notably, both MAK683 and EEDi-5285 
were optimized based on EED226, with EEDi-5285 show-
ing approximately 100 times greater potency in bind-
ing to EED [7, 24]. This increased potency may partially 
account for the higher concentration requirement of 
EED226. However, further research is needed to eluci-
date the differential immunomodulatory effects of these 
four inhibitors on DCs and to assess the in vivo effective-
ness of other small molecules beyond EED226.

Indeed, the four EED inhibitors examined in this study 
are capable of binding to EED within the pocket that rec-
ognizes the trimethyl lysine head group of H3K27me3, 
thereby disrupting the catalytic activity of PRC2 [23]. 
Homology comparisons indicate that the EED protein 
sequence is identical in mice and humans, and EZH2 
shows a high degree of conservation (98.39% sequence 
identity), with only two amino acid differences in the 
EZH2-EED interaction region and a completely con-
served SET catalytic domain [25]. This suggests that EED 
inhibitors might maintain their PRC2 inhibitory function 

(See figure on next page.)
Fig. 5  EED deficiency impedes DC activation. A Diagram depicting generation of Eed cKO mice. B Western blotting analysis (left) and its 
corresponding quantification (right) for the expression of EED and H3K27me3 in WT or Eed cKO BMDCs. n = 3. C, D Representative images 
and bar graph for flow cytometry analysis of the percentage and number of CD11c+ cells in WT or Eed cKO BMDCs after treating with LPS 
(50 ng/mL) for 6 h. n = 3. E, F Representative images (E) and bar graph (F) for flow cytometry analysis of the percentages and numbers of CD80+, 
CD86+ or MHC-II+ cells in CD11c+ DCs of WT or Eed cKO BMDCs after treatment of LPS (50 ng/mL) for 6 h. n = 3. G Representative images (left) 
and quantification (right) for transwell analysis of chemokines-triggered migration of WT or Eed cKO BMDCs after treating with EEDi-5285 (5 μM) 
or EED226 (10 μM) for 24 h and LPS (50 ng/mL) for 6 h. n = 5. H Representative images (left) and bar graph (right) for flow cytometry analysis 
of the frequency of Th1 (CD4+IFN-γ+) and Th17 (CD4+IL-17+) cells after co-culture with MOG35-55 (30 μg/mL, 24 h) and LPS (50 ng/mL, 6 h) stimulated 
WT or Eed cKO BMDCs. n = 3. I qRT-PCR analyses of the indicated WNT genes in WT or Eed cKO BMDCs after treatment with LPS (50 ng/mL) 
for 6 h. n = 3. J CUT&Tag-qPCR analyses of the enrichment of H3K27me3 in the promoters of WNT genes in WT or Eed cKO BMDCs after treatment 
with LPS (50 ng/mL) for 6 h. n = 3. K Quantification for transwell analysis of chemokines-triggered migration of WT or Eed cKO BMDCs after treating 
with Wnt-C59 (5 μM) for 24 h and LPS (50 ng/mL) for 6 h. n = 6. Data are presented as mean ± SD. *, P < 0.05; **, P < 0.01; ***, P < 0.001; ns, 
not significant
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in mice and humans. As expected, these four EED inhibi-
tors also suppressed inflammatory activation in human 
moDCs (Fig.  8), hinting at their potential clinical effi-
cacy. Given the potential impact of minor PRC2 protein 

sequence variations on allosteric mechanisms, further 
research is warranted to understand the role of EED 
inhibitors in human diseases. This should be done using 
humanized EAE animal models to provide more insight 

Fig. 5  (See legend on previous page.)
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into their therapeutic potential. Although network-based 
analysis in cerebrospinal fluid has identified Eed as a 
potential candidate gene for MS therapy [11], further 
studies are required to elucidate the clinical relevance of 
EED to MS.

Extensive alterations of H3K27me3 modification have 
been observed following LPS stimulation in DCs [40]. 
Zbtb46, HSP70L1, and miR-155 are known to regulate 
DC maturation and migration by mediating H3K27me3 
deposition at the Cd80, Cd86, and Ccr7 genes, respec-
tively [18, 19, 41]. In addition, Suz12 ablation disrupts 
the maintenance of H3K27me3 mark, resulting in a swift 
depletion of tissue-resident dendritic cells, including 
Langerhans cells, under both steady-state and inflam-
matory conditions because these cells could no longer 
proliferate to facilitate their self-renewal [15]. While the 
impact of reduced H3K27me3 levels due to Suz12 deple-
tion on DC migration remains to be elucidated, these 
findings underscore the potential role of H3K27me3 in 
modulating DC functions.

The Jumonji domain-containing protein 3 (JMJD3) is a 
pivotal demethylase responsible for H3K27me3 removal, 
thereby facilitating gene expression. Typically, JMJD3 and 
PRC2 have opposing roles, with H3K27me3 representing 
a dynamic equilibrium between the activities of methyl-
transferases and demethylases. However, genetic deple-
tion of Jmjd3 in CD4+ T cells has been shown to impede 
EAE progression by enhancing H3K27me3 levels at the 
Rorc locus, which is associated with pro-inflammatory 
Th17 cells [42]. The JMJD3 inhibitor GSK-J4 is found 
to promote an immune tolerance phenotype in DCs 
and to mitigate EAE-associated inflammation, poten-
tially through modulating the balance of H3K27me3 
and H3K4me3 modifications [43]. Additionally, GSK-J4 
administration ameliorates symptoms in inflammatory 
bowel disease and rheumatoid arthritis by regulating 
H3K27me3 binding at the promoters of various inflam-
matory genes [44–47]. Some researchers propose that 
JMJD3 is selectively recruited to transcription start sites 
with high H3K4me3 levels, as  the overall H3K27me3 

levels are not significantly affected by the absence of 
Jmjd3, highlighting a H3K27me3-independent role of 
JMJD3 [48]. Interestingly, our preliminary data suggest 
that GSK-J4 may also hinder DC migration (Supple-
mentary Fig. 2), an effect that mirrors the impact of EED 
inhibitors. It is essential to continue investigating the 
diverse functions of various epigenetic regulators related 
H3K27me3.

In addition to modulating histone methylation, a grow-
ing amount of research indicates that EED, along with 
other PRC2 components, exerts significant effects on var-
ious biological processes in a manner that is independent 
of their epigenetic functions. For instance, in Eed-inacti-
vated cardiomyocytes, gene upregulation was not associ-
ated with a reduction in H3K27me3 levels. Instead, EED 
was found to interact with histone deacetylases, modulat-
ing the catalytic activity of H3K27ac, which is crucial for 
the development of cardiomyocytes and the maintenance 
of normal cardiac function [49]. Similarly, the knockout 
of Ezh2, another PRC2 subunit, didn’t alter H3K27me3 
levels in DCs, but regulated DC adhesion dynamics and 
extranuclear integrin signaling, thereby ameliorating 
EAE [14, 15]. It is noteworthy that our study identified 
EED inhibitors markedly reduced H3K27me3 levels, and 
targeting the downstream genes regulated by H3K27me3 
counteracted the pharmaceutical effects of EED inhibi-
tors on DCs (Figs.  3, 4). This suggests that H3K27me3 
is likely to be involved in the observed effects. However, 
further research is warranted to explore the non-epige-
netic functions of EED and to elucidate the full spectrum 
of its biological roles.

In our study, we demonstrated that the inhibition 
of EED suppresses DC migration by enhancing WNT 
signaling (Figs.  4, 5). This finding is in line with exist-
ing research, which has established that the WNT/β-
catenin signaling pathway is essential for maintaining 
the immunological tolerance of DCs in intestinal and 
CNS inflammation. This signaling cascade is believed 
to modulate its effects by regulating the expression of 
retinoic acid-metabolizing enzymes, IL-10, and TGF-β 

Fig. 6  Eed deficiency in DC suppresses EAE progression. A Clinical score in WT and Eed cKO EAE mice. n = 14 animals, 9 animals are sacrificed 
for the histopathological examination and flow cytometry analysis at day 23 post immunization (dpi 23). * indicates a statistically difference 
when compared with WT group. B Representative images (left) and bar graph (right) of LFB staining for spinal cords from WT and Eed cKO EAE 
mice at dpi 23. Scale bar: 50 μm. n = 3. C Representative images (left) and bar graph (right) for electron microscopy analysis of the demyelination 
in the spinal cords from WT and Eed cKO EAE mice at dpi 23. Scale bar: 2 μm. n = 3. D–F Representative images (D) and bar graph (E, F) for flow 
cytometry analysis of the percentages and numbers of Th1 (CD4+IFN-γ+) and Th17 (CD4+IL-17+) in the brains from WT and Eed cKO EAE mice 
at dpi 23. n = 3. G Immunostaining of CD4 (green) and IL-4 (red) in the spinal cords from WT and Eed cKO EAE mice at dpi 23. Scale bar: 50 μm. 
n = 3. H Immunostaining of CD4 (red) and Foxp3 (green) in the spinal cords from WT and Eed cKO EAE mice at dpi 23. Scale bar: 50 μm. n = 3. I, J 
Representative images (I) and bar graph (J) for flow cytometry analysis of the frequency and numbers of CD11c+MHC-II+ DCs in the brains from WT 
and Eed cKO EAE mice at dpi 23. n = 3. K qRT-PCR analyses for the mRNA levels of pro-inflammatory cytokines Ifn-γ and anti-inflammatory cytokine 
Il-4 in the brains from WT and Eed cKO EAE mice at dpi 23. n = 3. Data are presented as mean ± SD. *, P < 0.05; **, P < 0.01; ***, P < 0.001

(See figure on next page.)
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[50, 51]. Similarly, WNT-1 overexpression in the lung 
resulted in reduced migration of allergen-loaded DCs 
from the lung to the draining lymph nodes [52]. Besides, 
a study observed reduced expression of β-catenin and 
an increased propensity for migration to skin-draining 

lymph nodes in Raptor-deficient Langerhans cells (skin 
DCs), highlighting the importance of the WNT/β-catenin 
pathway in DC migration [53]. Interestingly, WNT has 
also been identified as a significant target for epigenetic 
modification by EED in a variety of cell types, including 

Fig. 6  (See legend on previous page.)
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Fig. 7  Eed loss alleviates periphery inflammation in EAE mice. A–E Representative images (A) and bar graph (B–E) for flow cytometry analysis 
of the percentages and numbers of Th1 (CD4+IFN-γ+), Th17 (CD4+IL-17+), Th2 (CD4+IL-4+) and Treg (CD4+Foxp3+) in the draining lymph nodes 
from WT and Eed cKO EAE mice at dpi 23. n = 3. F–H Representative images (F) and bar graph (G, H) for flow cytometry analysis of the percentages 
and numbers of total DCs (CD11c+) and mature DCs (CD11c+CD80+) in the spleen from WT and Eed cKO EAE mice at dpi 23. n = 3. I Bar graph 
for flow cytometry analysis of the percentage of CD80+ in CD11c+ DCs in the spleen from WT and Eed cKO EAE mice at dpi 23. n = 3. Data are 
presented as mean ± SD. *, P < 0.05; **, P < 0.01; ***, P < 0.001; ns, not significant

Fig. 8  EED inhibitors hinder the chemotaxis of human moDCs. A Scheme of human moDCs culture and inflammation-associated phenotype 
detection. B The morphological changes from monocytes (Day0) to immature moDCs (Day 6) and eventually LPS-challenged mature moDCs 
(Day7). Scale bar: 20 μm. n = 3. C Representative images (left) and bar graph (right) for flow cytometry analysis of the frequency of CD209+ 
moDCs after cell culture for 7 days. n = 3. D Western blotting analysis (left) and its corresponding quantification (right) for the expression of EED 
and H3K27me3 in human moDCs treated with A395 (5 μM), MAK683 (5 μM), EEDi-5285 (5 μM), EED226 (10 μM) and LPS (300 ng/mL) for 24 h. n = 3. 
E qRT-PCR analyses of the mRNA levels of WNT-related genes in human moDCs treated with EEDi-5285 (5 μM), EED226 (10 μM) and LPS (300 ng/
mL) for 24 h. n = 3. F, G Representative images (E) and statistics (F) for transwell analysis in human moDCs after treating with A395 (5 μM), MAK683 
(5 μM), EEDi-5285 (5 μM), EED226 (10 μM) and LPS (300 ng/mL) for 24 h. Scale bar: 200 μm. n = 3. H, I Representative images (H) and bar graph (I) 
for flow cytometry analysis of the expression of CD83 and HLA-DR (MHCII) in CD209+ moDCs after treatment with A395 (5 μM), MAK683 (5 μM), 
EEDi-5285 (5 μM), EED226 (10 μM) and LPS (300 ng/mL) for 24 h. n = 3. J Elisa of TNF-α and IL-10 levels in the supernatant of human moDCs 
after treatment with A395 (5 μM), MAK683 (5 μM), EEDi-5285 (5 μM), EED226 (10 μM) and LPS (300 ng/mL) for 24 h. n = 3. Data are presented 
as mean ± SD. *, P < 0.05; **, P < 0.01; ***, P < 0.001

(See figure on next page.)
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Fig. 8  (See legend on previous page.)
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intestinal stem cells, chondrocytes, and oligodendrocytes 
[4, 54, 55]. Despite these insights, it remains to be deter-
mined whether in vivo modulation of WNT signaling can 
reverse the ameliorative effects of EED deficiency in EAE. 
Additionally, the potential involvement of other mecha-
nisms in the DC inactivation mediated by EED inhibitors 
warrants further investigation.

In summary, our study introduces a potential novel 
therapeutic application of EED inhibitors in mitigating 
CNS inflammation through the inactivation of DCs. We 
have demonstrated that H3K27me3-dependent WNT 
signaling is essential for the immunomodulatory effects 
of EED inhibitors. By targeting DC activation and mod-
ulating epigenetic modifications, our research not only 
proposes a novel strategy for autoimmune disease treat-
ment but also underscores the pivotal role of EED in 
maintaining DC homeostasis. This insight may pave the 
way for DC-based therapies in the management of auto-
immune diseases, offering a promising avenue for future 
research and clinical development.

Materials and methods
Mice
Eedflox/flox mice were gifted by Prof. Q. Richard Lu [4], and 
CD11c-Cre mice were obtained from the Jackson Labo-
ratory [21]. The CD11c+ cells conditional Eed knockout 
(Eed cKO) mice were generated by breeding CD11c-Cre 
with Eedflox/flox transgenic mice. All mice were fed in a 
specific pathogen-free environment with 60 ± 5% humid-
ity, 21 ± 1 °C, and 12 h light/dark cycle, and provided with 
standard laboratory diet and water ad libitum. All animal 
studies were performed in compliance with all relevant 
ethical regulations and approved by the Institutional Ani-
mal Care and Use Committee (IACUC) at Zhejiang Uni-
versity (IACUC-s21-017).

Induction and assessment of EAE
EAE mouse model was induced as described previously 
[21, 56]. In brief, 8-week-old C57BL/6 female mice were 
immunized with 400 μg MOG35-55 peptide (Sangom Bio-
tech) emulsified 1:1 in CFA (Sigma, F5881) containing 
5 mg/mL heat-killed Mycobacterium tuberculosis H37Ra 
(BD Difco, 231141) subcutaneously at day 0. Besides, 100 
μL PBS containing 200 ng pertussis toxin (List Biological 
Laboratories, #181) was administered intravenously at 
day 0 and day 2 post-immunization per mouse.

All mice were subsequently monitored for the signs of 
EAE daily and finally sacrificed at day 22–23 or day 30 for 
evaluation. Every animal will receive a clinical score from 
0 to 4 as follows: 0, healthy; 0.5, limp of tail tip; 1, com-
plete tail limp; 1.5, powerless of one hindlimb; 2, pow-
erless of tow hindlimb; 2.5 paralysis of one hindlimb; 3, 

complete hindlimb paralysis; 3.5, paralysis of forelimb; 4, 
severe paralysis or death [21, 56].

Histological staining
For hematoxylin and eosin (H&E) staining, spinal cords 
collected from paraformaldehyde (PFA) perfused EAE 
mice were fixed in 10% formalin for at least 2  days fol-
lowed by paraffin embedding. Then 3-μm thick sections 
were deparaffinized and stained with H&E. For luxol fast 
blue (LFB) staining, spinal cords collected from PFA per-
fused EAE mice were fixed in 4% PFA for 2  h followed 
by dehydration in 25% saccharose for 14  h and embed-
ded in OCT (SAKURA Finetek, 4583). Then 12-μm thick 
sections were stained with LFB (Sigma-Aldrich, S3382) 
overnight, rinsed in distilled water, differentiated with 
0.05% lithium carbonate and 70% ethanol, and finally 
stopped by distilled water.

Electron microscopy
For electron microscopy analysis, fresh spinal cord tis-
sues were fixed in 2.5% glutaraldehyde for a minimum 
of 2 days, followed by postfixation in 1% OsO₄ for 1.5 h. 
Subsequently, the tissues were stained with uranyl acetate 
and lead citrate, and then cut into ultrathin sections. The 
sections were finally examined using a Spirit 100 kV elec-
tron microscope (PHILIPS TECNAI 10).

Cell culture
DC2.4 cell line was cultured in RPMI-1640 containing 
10% fetal bovine serum, 100  mg/mL streptomycin, and 
100 mg/mL penicillin. Cells were maintained in a humid-
ified atmosphere containing 5% CO2 at 37 °C.

For BMDC isolation and culture, bone marrow from 6 
to 8 week old C57BL/6 mice were resuspended and cul-
tured in RPMI-1640 medium supplemented with 10% 
fetal bovine serum, 100  mg/mL streptomycin, 100  mg/
mL penicillin, 20 ng/mL recombinant murine IL-4 (Pep-
rotech, 214-14), and 50 ng/mL recombinant murine GM-
CSF (Peprotech, 315-03). Half medium supplemented 
with cytokines was replaced by fresh medium at day 3, 
and used at day 6 as immature BMDCs.

For human monocyte-derived dendritic cells (moDCs) 
culture, monocytes were purified from peripheral blood 
mononuclear cells using anti-CD14 microbeads (Milte-
nyi, 130–050-201) and cultured into moDCs in RPMI-
1640 medium supplemented with 10% fetal bovine 
serum, 100  mg/mL streptomycin, 100  mg/mL penicil-
lin, 100  ng/mL recombinant human IL-4 (Peprotech, 
200–04) and 100  ng/mL recombinant human GM-CSF 
(Peprotech, 300–03). Half medium was replaced by 
fresh medium at day 3 and day 5, and used at day 6 as 
immature moDCs. Human blood sample collection was 
in accordance with the Ethical Review Consent Letter 
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approved by Beijing Boren Hospital Ethics Committee 
(No. 20211126-TY-001 K).

Chemical treatment
In EAE mouse model, EED226 (40  mg/kg, dissolved in 
5% DMSO + 95% saline solution) or solvent control was 
given by i.g. twice a day from day 7.

For DC activation, cells were treated with 50  ng/mL 
LPS (Aladdin, L118716) for 6  h in DC2.4 or BMDCs, 
300  ng/mL LPS for 24  h in moDCs. For compounds 
intervention (except cell viability assay), cells were treated 
with 5  μM A395 (TargetMol, T10205) for 24  h, 5  μM 
MAK683 (TargetMol, T15201) for 24 h, 5 μM EEDi-5285 
(TargetMol, T22322) for 24 h, 10 μM EED226 for 24 h, or 
5 μM Wnt-C59 (TargetMol, T2242) for 24 h.

Cell viability assay
DC2.4 were seeded into 96-well plates at 6000 cells/well 
for 24 h, and different concentrations of A395, MAK683, 
EEDi-5285 or EED226 (0, 0.32, 0.63, 1.25, 2.5, 5, 10, 20 
and 40 μM) were incubated with DC2.4 for another 24 h.

Sulforhodamine B (SRB) staining was then performed 
to examine the cell viability. In brief, cells were incubated 
with 4  mg/mL SRB for 30  min, washed with 1% acetic 
acid more than 5 times, dissolved with 10 mM Tris-base, 
and finally detected in 540 nm.

In vitro transwell assay for DC Migration
The transwell assay was performed by 24-well plates 
together with 8-μm pore size transparent PET membrane 
(Falcon, 353097). 600 μL culture medium with 100  ng/
mL recombinant mouse CCL19 (PeproTech, 250-27B) 
and CCL21 (PeproTech, 250–13) or 100  ng/mL recom-
binant human CCL19 (Biolegend, 582102) and CCL21 
(Biolegend, 582202) was added to the lower chamber for 
the migration of BMDCs and DC2.4 or human moDCs, 
respectively. BMDCs, DC2.4 or moDCs (1 × 10 [5] cells 
in a total volume of 200 μL culture medium) were added 
to the upper chamber. The number of BMDCs or moDCs 
that migrated to the lower chamber was determined by 
flow cytometry or microphotography after 4 h, while the 
number of migrated DC2.4 was visualized by crystal vio-
let staining and microphotography.

Flow cytometry
For cell surface staining, single cell suspensions were 
incubated with PE anti-mouse  CD11c (BioLegend, 
117308), FITC anti-mouse CD80 (BioLegend, 104706), 
PE/Cyanine7 anti-mouse CD86 (BioLegend, 105014), 
PerCP/Cyanine5.5 anti-mouse MHC-II (BioLeg-
end, 107626), FITC anti-mouse CD4 (BD Biosciences, 
553047), PerCP/Cyanine5.5 anti-mouse/human CD44 
(BioLegend, 103032), PE anti-mouse CD62L (BioLegend, 

104407), PE anti-human CD209 (Biolegend, 330106), 
APC anti-human CD83 (Biolegend, 305312), or FITC 
anti-human MHC-II (Biolegend, 327006) for 30  min. 
Samples were then washed and analyzed by FACS versus 
flow cytometry (ACEA NovoCyte or BD Biosciences).

For intracellular cytokines staining, lymph glands or 
central nervous system single cell suspensions were 
stained with FITC anti-mouse CD4 (BD Biosciences, 
553047) for 30  min, followed by staining with PE anti-
mouse IFN-γ (BD Biosciences, 554412), PE anti-mouse 
IL-17A (Biolegend, 506904) or PE anti-mouse IL-4 (eBio-
science, 12-7041-82) for 30 min using Cytofix/Cytoperm 
kit (eBioscience, 00-8222-49) according to the manufac-
turer’s instructions. Intranuclear staining with PE anti-
mouse Foxp3 (Biolegend, 126404) was performed using 
a Fixation/Permeabilization kit (eBioscience, 00-5523-00) 
according to the manufacturer’s protocol.

Elisa for TNF‑α and IL‑10
The levels of IL-10 and TNF-α in human moDCs super-
natant were measured by ELISA (Dakewe, 1111002; 
Multi Sciences, EK182) according to the manufacturer’s 
protocols. In brief, the supernatant was diluted in a cer-
tain proportion and incubated in the coated ELISA plate, 
followed by biotinylated antibody solution and strepta-
vidin-HRP solution incubation. Finally, ELISA plate is 
colored by TMB solution and detected in 450 nm.

Co‑culture of BMDCs and CD4+ T cells
BMDCs from WT and Eed cKO mice were cultured until 
day 6, and stimulated with 10 μg/mL MOG35-55 peptide 
(Sangom Biotech) for 24 h and 50 ng/mL LPS (Aladdin, 
L118716) for 6  h. CD4+ T cells were isolated from the 
spleens and lymph nodes using the MojoSort™ Mouse 
CD4 T Cell Isolation Kit (Biolegend, 480033), follow-
ing the manufacturer’s protocols. Subsequently, BMDCs 
and CD4+ T cells were co-cultured at a ratio of 1:10. 
After 3 days, cells were harvested for the analysis of the 
percentage of IFN-γ or IL-17A in CD4+ cells by flow 
cytometry.

Plasmid transfection
Transient transfection was performed using jet medium 
and jetPRIME (Polyplus, 114–15), according to the man-
ufacturer’s instructions, in 12-well plates with 0.5  μg of 
total DNA per transfection. HA-EED plasmid was con-
structed by Miaoling Biology.

Western blotting
Cells were washed with PBS and then lysed in the lysis 
buffer (0.3% NP-40, 0.2% Triton X-100, 0.25% Leupep-
tin, 0.1% NaVO3, and 0.1% PMSF). Protein extracts 
were separated by 10% SDS-PAGE and blotted to PVDF 
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membranes. After blocking with 5% fat-free milk for 
1  h at room temperature, strips were incubated with 
the following primary antibodies overnight at 4  °C: 
anti-HA (Cell Signaling Technology, #3724), anti-EED 
(Cell Signaling Technology, #85322), anti-H3K27me3 
(Cell Signaling Technology, #9733), anti-GAPDH (Diag-
Bio Technology, db106). The strips were further stained 
by secondary horseradish peroxidase-conjugated 
IgG for 1  h at room temperature and visualized with 
enhanced chemiluminescent reagents (NCM Biotech, 
P2100). Images were finally taken by GE AI100 or Azure 
biosystem.

Total RNA isolation and quantitative real‑time PCR assays
For expression analyses, total RNA extraction was per-
formed using the Trizol reagent (Takara, 9109), and 
subsequently cDNA reverse transcribed using Trans-
Script kit (TransGen Biotech, AT311-03) according to 
the manufacturer’s protocols. Quantitative real-time RT-
PCR reactions were carried out with Taq Pro Universal 
SYBR qPCR Master Mix (Vazyme, Q712-02), following 
the reagent manufacturer’s specified preset procedure on 
QuantStudio 6 Flex Real-Time PCR System (Applied Bio-
systems, Carlsbad, California, USA). The gene expression 
was normalized to internal control Gapdh and deter-
mined by the 2−ΔΔCT method. PCR primer sequences are 
available in Supplementary Table 1.

Cleavage under targets and tagmentation—quantitative 
real‑time PCR assays
The CUT&Tag assay was performed using the Novo-
NGS® CUT&Tag® 4.0 High-Sensitivity Kit (N259-YH01, 
NovoProtein, Shanghai, China). Briefly, 1.5 × 105 BMDCs 
were sequentially incubated with ConA beads for 10 min, 
anti-H3K27me3 primary antibody (Cell Signaling Tech-
nology, #9733) for 2  h, Goat Anti-Rabbit IgG H&L sec-
ondary antibody for 1.5  h, and pAG-Tn5 transposase 
for 1.5  h at room temperature. Subsequently, MgCl2 
was added to activate the tagmentation reaction for 
1  h at 37 ℃. The transposed DNA fragments were then 
purified and amplified according to the manufacturer’s 
instructions. The libraries were quantified using quanti-
tative real-time PCR assays and the primer sequences for 
CUT&Tag-qPCR are provided in Supplementary Table 2.

Immunofluorescence
DC2.4 cells were fixed with 4% PFA at 4  °C for 20 min, 
permeabilizated by 0.3% Triton X-100 at room temper-
ature for 5  min, and incubated with blocking buffer at 
room temperature for 15  min. Cells were then stained 
with Actin-Tracker Green-488 (Beyotime, C2201S) and 
DAPI (Dojindo, D212) for 45 min at room temperature. 
For tissue staining, spinal cords collected from PFA 

perfused EAE mice were fixed in 4% PFA for 2 h followed 
by dehydration in 25% saccharose for 14 h and embedded 
in OCT (SAKURA Finetek, 4583). 12-μm thick sections 
were stained with FITC anti-mouse CD4 (BioLegend, 
100406), PE anti-mouse IL-4 (eBioscience, 12–7041-82), 
PE anti-mouse CD4 (BioLegend, 100408), or anti-FoxP3 
(Cell Signaling Technology, #12653) overnight, and 
then stained with Goat anti-Rabbit IgG (H + L) Cross-
Adsorbed Secondary Antibody (Invitrogen, F2765) and 
DAPI (Dojindo, D212) for 45 min at room temperature. 
Images were captured by Leica SP8 confocal.

RNA sequencing and data analysis
Total RNA was isolated from LPS + vehicle or 
LPS + EEDi-5285 treated DC2.4 by Trizol reagent, 
and subjected to cDNA library construction and RNA 
sequencing (Novogene). Index of the reference genome 
was built using Hisat2 (version 2.0.5) and paired-end 
clean reads were aligned to the reference genome 
(mm10). Then, featureCounts (version 1.5.0-p3) was used 
to count the reads numbers mapped to each gene. And 
the R package DESeq2 (version 1.42.0) was used to iden-
tify the differentially expressed genes between the groups 
(P < 0.05 and fold change > 2) for the subsequent analyses.

Raw read counts were first normalized using the 
DESeq2 variance-stabilizing transformation method to 
adjust for differences in library size and RNA composi-
tion. These normalized counts were then used as input 
for Gene Set Enrichment Analysis by GSEA software 
(version 4.3.2). The volcano plot was generated according 
to https://​www.​omics​tudio.​cn/​tool. Heatmap was plotted 
using the R language (version 4.3.1). Kyoto Encyclopedia 
of Genes and Genomes analysis was performed using 
DAVID (https://​david.​ncifc​rf.​gov/).

ChIP‑sequencing analysis
We re-analyzed the published H3K27me3 ChIP-seq data 
in human DCs from GEO dataset (GSE209566). We uti-
lized bigWigToWig (version 369) to convert the bigWig 
files into wig format, followed by the transformation of 
the wig files into BED format using wig2bed (version 
2.4.40). Peak calling was performed using MACS2 (ver-
sion 2.2.7.1). For the visualization of ChIP-seq data, the 
input bigWig files were processed with deepTools (ver-
sion 3.5.1). And the bigwig file was imported into IGV 
software (version 2.8.13) for the analysis of the bindings 
between H3K27me3 and indicated genes.

Statistical analysis
Statistical comparisons were performed using Graph-
Pad Prism (version 9.5.1). Unpaired two-tailed Student’s 
t-test or one-way ANOVA Tukey’s post hoc analysis was 
used for the comparison between two groups or multiple 

https://www.omicstudio.cn/tool
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comparisons, respectively. All data were presented as 
means ± SD (n ≥ 3 independent experiments). The statis-
tical significance was considered when P < 0.05 (repre-
sented as * P < 0.05, ** P < 0.01, *** P < 0.001).
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