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Abstract: Aberrant epigenetic regulation is critically involved in the pathogenesis of nasopharyngeal carcinoma 
(NPC), where abnormal histone methylation can be found in polycomb repressive complex-2 (PRC2) related cancer 
gene loci. This study investigated some novel combinational strategies against NPC in vitro using PRC2-targeting 
agents as a backbone. PRC2 subunit proteins were overexpressed in over 70% of NPC tumors and enhancer of zeste 
homolog-2 (EZH2) expression correlated with more advanced T-stage. Basal expression of EZH2 and embryonic 
ectoderm development (EED) was higher in Epstein-Bar virus (EBV)+ NPC cells than EBV- cells. Treatment with an 
EED inhibitor (EED226) led to reduced levels of H3K27me3 with minimal inhibitory effect on NPC cell growth. The 
combination of an EZH2 inhibitor (EPZ-6438) and trichostatin-A (TSA) yielded the highest synergy score (12.64) in 
NPC cells in vitro than combinations using EED226 and agents like chemotherapy and azacitadine. Global gene 
expression analysis showed that EED226 predominantly affects the expression of major histocompatibility complex 
(MHC) class I genes and cell cycle-related genes in NPC cells. Furthermore, treatment with EED226 resulted in in-
creased MHC-I proteins in vitro. Based on the prediction of an artificial neural network, a synergistic inhibitory effect 
on growth was found by combining EED226 with cyclin dependent kinase (CDK) 4/6 inhibitor (LEE011) in NPC cells. 
In summary, this study found that PRC2-targeting agents could exert synergistic effect on growth inhibition when 
combined with TSA or LEE011 in NPC cells. Since MHC-I genes alterations are found in a third of NPC tumors, the 
effect of EED226 on MHC-I genes expression on response to immunotherapy in NPC warrants further investigations.
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Introduction

Nasopharyngeal carcinoma (NPC) is endemic  
in Asia and North Africa especially Southern 
China. According to the International Agency  
for Research on Cancer in 2018, there were an 
estimated 129,079 new cases of NPC account-
ing for 0.7% of all cancers [1]. Over 50% of NPC 
patients present with stage III to IV disease [2] 
where concurrent chemo-radiotherapy (CRT) is 
a standard of care [3]. However, over 25% of 
patients developed distant failure following 
CRT and thus newer treatment is needed [4]. 

The Polycomb Repressive Complex-2 (PRC2) is 
an essential epigenetic effector which consists 

of three subunits: enhancer of zeste homo- 
log-2 (EZH2), embryonic ectoderm development 
(EED) and suppressor of zeste 12 (SUZ12). Th- 
ese PRC2-related proteins mediate the tran-
scriptional silencing of tumor suppressor genes 
(TSGs) by inducing modifications in histone H3 
(H3K27me3). EZH2 is the catalytic subunit that 
requires the presence of SUZ12 and EED in 
maintaining the integrity and activity of the 
PRC2 complex [5, 6]. Perturbations of PRC2 
activity have been found in many cancers and 
pharmacological inhibitors of PRC2 are current-
ly under evaluation [7]. 

Two classes of agents that have shown promise 
in early phase clinical trials of solid cancers. 
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These include a small molecule targeting the 
cofactor S-adenosylmethionine (SAM) of EZH2, 
and an allosteric inhibitor of EED that directly 
binds to the H3K27me3 binding pocket. Taze- 
metostat (EPZ-6438) is a first-in-class SAM-
competitive EZH2 inhibitor that has shown 
promising clinical activity in patients with 
refractory B-cell non-Hodgkin lymphoma (NHL) 
with favorable toxicity profile [8]. EED226 is a 
first-in-class EED inhibitor and its analogue, 
MAK683 is being evaluated in phase 1 basket 
trial I lymphoma, NPC and other solid tumors 
(Clinical trial.gov: NCT02601950) [9]. 

Aberrant hypermethylation and enrichment of 
de novo methylation at PRC2-related gene loci 
are commonly found in NPC [10]. EZH2 overex-
pression has been found in 46-80% of NPC 
tumor and has been associated with advanced 
disease stage [11-13]. However, the prognostic 
significance of other PRC2-related proteins and 
H3K27me3 remain to be defined. In NPC mod-
els, EZH2 overexpression has been shown to 
suppress the expression of genes that regulate 
important cellular functions such as Bcl‑2, c‑ 
Myc, CDK4 and CDK6 [11]. Downregulation of 
EZH2 via microRNA (miRNA) has been shown to 
inhibit cell growth and cell-cycle progression 
[14], while EZH2 knockdown could inhibit cellu-
lar invasiveness in NPC models [12, 15]. 

This study hypothesized that components of 
the PRC2 complex, namely, EZH2 and EED are 
potential therapeutic targets in NPC, given their 
prevalent expression in NPC tumors and sup-
pressive effect on the transcription of impor-
tant genes that regulate growth, cell cycle pro-
gression and invasiveness. Furthermore, given 
the crosstalk between DNA methylation and 
PRC2 pathway in transcriptional silencing, a 
combinatorial approach to targeting PRC2 ac- 
tivity together with DNA methyl-transferase 
inhibitors or histone deacetylase (HDAC) inhibi-
tors may potentially be synergistic in suppress-
ing NPC cell growth. The effect of targeting 
PRC2 activity on the growth inhibitory effect of 
platinum-based chemotherapy also warrants 
investigation given the important role of che-
motherapy in the treatment of NPC.

Materials and methods 

Immunohistochemistry

Archival, paraffin-embedded primary NPC tu- 
mors were retrieved retrospectively, and sur-

vival data were updated. This study was app- 
roved by the New Territory-East Cluster-Chine- 
se University of Hong Kong Ethics committee. 
Tumor samples were cut into a thickness of  
4 µm from archived paraffin blocks by using  
a commercial kit (ultraView Universal DAB 
Detection Kit, Roche). The antibodies used for 
immunohistochemical (IHC) analysis were as 
follow: EZH2 (D2C9) (#5246) and H3K27me3 
(C36B11) (#9733) were from Cell Signaling 
Technology (CST); anti-EED antibody (HPA06- 
1140) was from Sigma-Aldrich; anti-SUZ12 
antibody [SUZ220A] (ab126577) was from 
Abcam. EZH2, EED, SUZ12 and H3K27me3 
expression in the tumor samples were evaluat-
ed in three fields (200 × magnification) or by 
counting 100-200 cells. A pathologist (JT) per-
formed the scoring and the staining pattern 
was graded as 0 when there was completed 
absence of cell nuclear staining. The positive 
tumor samples were graded as 1+, 2+ and 3+ 
according to the degree of cell nuclear staining. 
Tonsil tissue was used as a positive control. 
Negative controls were obtained by omission of 
the primary antibody in NPC tissue with unsta- 
ined slides.

Cell lines and culture methods

The NPC cell lines used in this study included 
three Epstein Barr virus (EBV)-positive cell lines 
(C666-1, NPC43 and C17C), an EBV-negative 
cell line (HK1) and an immortalized normal 
nasopharyngeal epithelial cell line (NP69). 
C666-1 and HK1 cells were cultured in RPMI-
1640 medium (Hyclone, Thermo Fisher Scie- 
ntific-TFS, Logan, UT) with 10% of fetal bovine 
serum (FBS, Gibco, TFS, Logan, UT). NPC43 
and C17C cells were cultured in RPMI-1640 
medium with 10% of fetal bovine serum and 4 
μM Rho-associated kinase inhibitor Y-27632. 
NP69 was cultured in keratinocyte serum-free 
medium supplemented with Keratinocyte-SFM 
(Gibco, TFS, Logan, UT), 50 μg/ml bovine pitu-
itary extract, and 5 ng/ml EGF human recombi-
nant epidermal growth (Gibco, TFS, Logan, UT). 
All cells were maintained in a humidified incu-
bator at 37°C with 5% CO2. 

Drug preparation

The EED inhibitor (EED226) and cyclin-depen-
dent kinase 4 and 6 (CDK4/6) inhibitor (LEE- 
011) were purchased from Cayman Chemical 
(Michigan, USA). EPZ-6438 (Tazemetostat)  
was purchased from Selleckchem (Houston, 
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TX, USA). Trichostatin (TSA) and azacitidine 
(AZA) were from Sigma-Aldrich (Darmstad, 
Germany). Reconstituted cisplatin and gem-
citabine were obtained from leftover reconsti-
tuted drugs in vials from a hospital pharmacy. 
Aliquots were thawed and diluted to concen- 
tration required in the corresponding growth 
media before adding to cell cultures.

Assay of cytotoxicity

Cell cytotoxicity was assessed by a colorime- 
tric assay using 3-(4, 5-dimethylthiazol-2-yl)-2, 
5-diphenyltetrazolium bromide (MTT) at 72 
hours. C666-1, NPC43, C17C, HK1 and NP69 
were cultured in 48-well plates (1,000-5,000 
cells per well) in the respective culture medium. 
Drugs were added to the wells after cell plating 
and incubated at 37°C with 5% CO2 before 
detection. Each experiment on drug treatment 
was repeated in triplicates. Cell growth inhibi-
tion was expressed as the percentage of the 
absorbance of control cultures measured at 
570 nm with a microplate reader (PerkinElmer 
1420 Multilabel Counter VICTOR3, Waltham, 
Massachusetts, USA) and the 50% of the maxi-
mum growth inhibition (IC50) was calculated 
using GraphPad (PRISM 7.0, San Diego, CA).

Synergistic effect assay

Cells were cultured in 96-well plates (500-
1,000 cells per well) in culture medium, and 
each drug was added sequentially (Figure 4A) 
after the cells were plated and then incubated 
at 37°C with 5% CO2 before detection. Expe- 
riments were repeated in triplicates. Cell prolif-
eration was assessed by colorimetric assay 
using WST-1 reagent at the 6th day [16]. Cell 
growth inhibition was measured at 450 nm  
and 690 nm with a microplate reader. The 
Synergistic Score (SS) of each drug combina-
tion was calculated by the SynergyFinder web 
(https://synergyfinder.fimm.fi) with the Bliss 
and Loewe model [17, 18]. Negative values of 
SS indicate that there is an antagonistic effect 
between the two drugs on cell growth, while 
positive SS values indicate synergism.

WST-1 based colorimetric assay was used to 
study the effect of EED226 on cell proliferation 
in combination with gemcitabine (at day 6 of 
exposure), or with LEE011 (at 72 hours of drug 
exposure). The Combination index (CI) value 
was calculated by CompuSyn software (Com- 

boSyn, Inc., Paramus, NJ 07652, USA) based 
on the median-effect principle of the mass-
action law [19, 20] and combination index  
theorem described by Chou et al. [20]. CI less 
than 0.7 indicates that the drug combination  
is synergistic.

Western blot analysis

Cells were lysed with RIPA buffer and the anti-
bodies used were: EZH2 (D2C9), H3K27me3 
(C36B11), GAPDH (D16H11), PCNA (D3H8P), 
Cdk4 (D9G3E), Cdk6 (DCS83), p21 Waf1/Cip1 
(12D1), Phospho-Rb (s807/811), Rb (4H1), 
anti-mouse IgG, HRP-linked Antibody (#7076) 
and anti-rabbit IgG, HRP-linked Antibody (#70- 
74) were all purchased from CST. Phospho-
CDK4 (Thr172) antibody (PA5-64482) was from 
TFS. Phospho-CDK6 (Y24) (ab131469) and 
MHC-II (ab55152) were from Abcam. MHC-I 
(W6/32) was from Dako. Anti-EED (09-774) was 
from Millipore. Anti-β-Actin antibody (A2228) 
was from Sigma-Aldrich.

RNA sequencing analysis and bioinformatics 
analysis

The effect of EED226 (at concentration of 5 
μM) on gene expression was evaluated at 3 
time points (3, 7 and 14 days) with DMSO as a 
control. The experiments performed at each 
time-point were repeated in triplicates. Gene 
Ontology (GO) enrichment analysis, KEGG path-
way enrichment analysis and artificial neural 
network (ANN) were used for bioinformatics 
analysis.

Statistical analysis

SPSS version 15.0 and GraphPad PRISM 7.0 
software were used for statistical analysis. For 
the IHC analysis, Spearman rank test was used 
to evaluate any correlation between PRC2-
related proteins. The clinical primary endpoints 
were overall survival (OS) and progression-free 
survival (PFS). Secondary end points were cor-
relation with disease stage [21], distant metas-
tasis-free survival (DMFS) and locoregional 
recurrence-free survival (LRFS). OS was calcu-
lated from the date of diagnosis to the date of 
death from any cause. PFS was calculated from 
the date of diagnosis to the date of first occur-
rence of locoregional and/or distant relapse or 
death from any cause. DMFS was defined as 
the time from diagnosis to primary local recur-
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rence and distant metastasis. LRFS was de- 
fined as time from diagnosis to loco-regional 
failure. A diagnosis of disease progression was 
confirmed histologically, endoscopically and/or 
radiologically. The Cox proportional regression 
model was used to investigate the relationship 
between survival endpoints and key prognostic 
covariates. The mean, standard deviation (SD) 
and P-values were calculated by the x2 test or 
Fisher’s Exact Test (n < 5), with a two-sided 
P-value of < 0.05 as considered to be statisti-
cally significant [21, 22].

Results

The prognostic significance of EED, SUZ12, 
EZH2 and H3K27me3 expression

A total of 93 paraffin-embedded NPC samples 
from 93 consecutive patients were retrieved 
and survival data were updated and frozen in 
December 2019. The characteristics of the 
patients who gave consent to these samples 
are summarized in Table S1. There were 20 
locoregional and 17 distant recurrences; 27 
patients died of NPC and 14 patients died of 
treatment-related complication or other causes 
(Table S2). There was no statistical association 
between EZH2, EED and SUZ12 expression 
with any of the survival endpoints (Table S3). 
Positive EZH2 expression correlated with more 
advanced T stage (x2 test, P = 0.021), whereas 
none of the markers correlated with distant-
metastatic stage, overall stage and local failure 
(Table S4).

Correlation between expression of PRC2-
related proteins and H3K27me3 

Of the 93 NPC samples analyzed, overexpres-
sion of EZH2 was found in 72.0%, EED in 88.2%, 
SUZ12 in 74.2% and H3K27me3 in 74.2% of 
the samples (Figure 1A and 1B; Table S5). 
EZH2, EED and SUZ12 are positively correlated 
with each other, while EZH2 (r = 0.409, P < 
0.000) and EED (r = 0.225, P < 0.05) correlated 
with H3K27me3 in NPC tumors (Table S6).

Expression of PRC2-related proteins at basal 
condition and after treatment with PRC2-
targeting agents in NPC cell lines

The basal expression of PRC2-related proteins 
was determined in HK1, C17C, NPC43 and 
C666-1 cell lines, with an immortalized epithe-
lial nasopharyngeal epithelial cell line NP69 

serving as a control. EZH2 and EED are ex- 
pressed in all 4 NPC cell lines, while the ex- 
pression levels of EZH2 and EED in EBV-posi- 
tive NPC cell lines (C17C, NPC43 and C666-1) 
appeared to be higher than in the EBV-nega- 
tive NPC cell lines (HK1) and NP69 cells (Fig- 
ure 1C). Following treatment with EED226 at 1 
μM, 5 μM and 10 μM for up to 72 hours, 
H3K27me3 expression was significantly redu- 
ced in both C666-1 and HK1 cell lines in a 
dose-response relationship (Figure 1D). EED- 
226 could significantly reduce EED expression, 
but the effect on EZH2 was relatively modest 
(Figure 1E). Using proliferating cell nuclear  
antigen (PCNA) as an indicator, EED226 at low 
concentrations could inhibit cellular prolifera-
tion in C666-1 cells, while higher concentra-
tions of EED226 were needed to inhibit prolif-
eration in HK1 cells (Figure 1F).

Effect of PRC2-targeting agents (EPZ-6438, 
EED226) and other epigenetic modulators as 
single agents on NPC cell growth

The EBV-positive C666-1 cell line and the EBV-
negative HK1 cell lines were chosen for evalu-
ating the effect of EPZ-6438, EED226, TSA and 
AZA as single agents on cell growth. TSA has 
the most potent growth inhibitory effect among 
all the four agents, with IC50 values at 72 hours 
observed in the low micro-molar range, while 
treatment with EED226 alone has the least 
growth-inhibitory effect (Figure 2). The growth-
inhibitory effect of PRC2-targeting agents 
seemed to be lower than AZA and TSA. HK1 
cells were most sensitive to the growth-inhibi- 
tory effect of EPZ-6438, AZA and TSA, while 
C666-1 was comparatively more sensitive to 
EED226. Since in these experiments, C666-1 
cells were found to be more sensitive to the 
effect of EED226 and moderately sensitive  
to EPZ-6438 when compared with other cell 
lines, C666-1 cells were chosen for subsequ- 
ent experiments on drug combinations. 

Effect of combining PRC2-targeting agents 
with other epigenetic modulators

The effect of PRC2 inhibitors in combination 
with other epigenetic modulators were evaluat-
ed at, and near their IC50 concentrations in 
C666-1 cells for up to 6 days (Figure 3A) [16]. 
The effect of EED226 and AZA were antagonis-
tic on cell growth, while EPZ-6438 and TSA 
resulted in the highest synergy score (SS = 
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Figure 1. Basal levels of PRC2 related proteins in NPC and effect of EED226 in NPC cells. (A) Percentage of positive 
EZH2, SUZ12, EED and H3K27me3 in NPC tumors. (B) Representative immunohistochemical staining images from 
NPC tissue. (C) Basal PRC2 subunits protein expression of cancer cell lines HK1, C17C, NPC43, C666-1, and an 
immortalized epithelial nasopharyngeal epithelial cell line NP69 as normal control. EZH2 and EED were expressed 
in all cell lines. Cells were treated with EED226 in 3 concentrations at 72 hours. H3K27me3 (D), EZH2, EED (E) and 
PCNA (F) were reduced by EED226 treatment. * represent P < 0.05.

12.64) among all the other combinations (Fig- 
ure 3B-D). Concurrent treatment of EED226 
with AZA or EPZ-6438 resulted in antagonistic 
effects on cell growth, suggesting that EED226 
should not be combined with other epigenetic 
modulators.

Effect of combining PRC2-targeting agents 
with chemotherapy

Cisplatin and gemcitabine were chosen in this 
experiment because they are the standard first-
line treatment for recurrent/metastatic NPC. 
The SS was higher when EED226 was com-
bined with cisplatin or gemcitabine, compared 
with when EED226 was combined with AZA  
or EPZ-6438. The SS of EED226 and gem-
citabine was 8.79 (Figure 4B) in C666-1 cells, 
and the CI value of this combination were < 0.7 
- indicating a synergistic effect on cell growth 
inhibition (Figure 4C). This synergistic effect 
observed in C666-1 cells could also be obser- 
ved in a confirmatory experiment using HK1 
cells. 

Effect of EED inhibitor on global gene expres-
sion profile

Previous studies have shown that treatment 
with low-dose epigenetic-modulating agents 
can result in the reprogramming of RNA tran-

scription of tumor cells [23]. Qi et al. demon-
strated that EED226 could inhibit H3K27  
methylation of PRC2 target genes and indu- 
cing regression of human lymphoma xenograft 
tumors [16]. Thus, the current study hypothe-
sized that EED226 also could change the global 
gene expression profile of NPC cells. C666-1 
cells were treated with EED226 at 5 μM con-
centration at 3, 7 and 14 days. RNA seq analy-
sis was used to investigate any time-dependent 
effect on gene expression (Figure 5A).

GO and KEGG pathway enrichment analysis 
showed that EED226 could significantly en- 
hance the expression of MHC class 1-related 
genes (P < 0.00001) and MHC class 2-related 
genes (P < 0.001) in NPC cells following pro-
longed exposure at 7 and 14 days (Figures 5B, 
S1A and S1B). Notable examples of changes  
in gene expression included NLRC5 (log2 fold  
= 0.77761), HLA-A (log2 fold = 1.2155), HLA- 
B (log2 fold = 1.3036), HLA-C (log2 fold = 
1.4081), B2M (log2 fold = 0.74116), TAP1  
(log2 fold = 0.59951) and TAP2 (log2 fold = 
0.72345). Exposure to EED226 at 5 μM con-
centration also resulted in significant changes 
in the expression of cell cycle-related genes (P 
< 0.00001) at 14 days (Figures 5C and S1C).

Since RNA profile showed that EED226 enhan- 
ced the expression of MHC related genes at 7 
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Figure 2. Cytotoxicity of PRC2-related inhibitors and other epigenetic modulators at 72 hours. A. Representative 
dose-response curves showing the cytotoxicity effect of EED226 and EPZ-6438 in C666-1, NPC43, C17C, HK1, and 
NP69 by MTT assay. All samples were carried out in triplicate. B. Representative dose-response curves showing the 
cytotoxicity effect of AZA and TSA in C666-1, C17C, HK1, and NP69 cell lines.

and 14 days of exposure, the levels of MHC-I 
and MHC-II related proteins were analyzed 
after treatment with EED226 in C666-1 cells at 
day 7 first. The data showed that 10 M of 
EED226 could up-regulate the expression of 
MHC-1 proteins in C666-1 cells at day 7 day of 
exposure (Figure 5D), but 5 μM of EED226 
resulted in down-regulation of the expression 
of MHC-I proteins. The expression of MHC-II 
proteins decreased after cells were treated 
with 5 μM of EED226, but no statistically signifi-
cant changes were detected at 10 μM of 
EED226 when comparing with the control. RNA 
sequencing data indicated that MHC-I and 
MHC-II genes were up-regulated after treat-
ment with EED226, but the MHC-I and MHC-II 
related proteins expression did not increase in 
vitro. This may be because changes in protein 
expression may take longer time to become 
detectable following EED226-induced changes 
in MHC-I gene expression. To confirm this find-
ing, the experiment was repeated in another 
NPC cell line-HK-1. Western blot data showed 
that EED226 exposure increased the expres-
sion of MHC-I and MHC-II protein in HK1 cells 
as early as at day 3 of treatment-earlier than it 
took in C666-1 cells (Figure 5E). 

Effect on combining EED226 with LEE011 on 
cell growth and cell cycle

Deep learning is currently used in Bioinforma- 
tics and Computational Medicine including 
analysis of RNA Seq gene expression data [24]. 
ANN are computing systems which have been 
used for classification and prediction task, 
such as in the unsupervised data-mining of 
molecular data [25]. Having demonstrated the 
effect of EED226 on cell cycle-related genes in 
C666-1 cells, this study tested the hypothesis 
that combining EED226 with inhibitors of the 
cell cycle could be more effective. ANN was 
used to predict the sensitivity of C666-1 cells 
towards 97 drugs with or without the presence 
of EED226 and found a potential complemen-
tary effect when combining EED226 with 
CDK4/6 inhibitors (Figure 6A). LEE011 (Ribo- 
ciclib) is a selective CDK4/6 inhibitor that 
induces G1 arrest by blocking the formation of 
cyclin D1-CDK4/6 complex and inhibiting reti-

noblastoma (Rb) phosphorylation. The authors 
have previously shown that LEE011 has pre-
clinical activity in NPC cell lines [26]. This pre-
diction by ANN was confirmed when a synergis-
tic effect on growth inhibition was observed 
when EED226 was combined with LEE011 in 
C666-1 cells (Figure 6B).

Rb is hypophosphorylated by the CDK4/cyclin D 
complex, which controls whether cells will tran-
sit through the G1/S checkpoints. The CDK 
inhibitor p21 also binds to and inhibits the 
activity of cyclin-CDK4/6 complexes, therefore 
promoting cell cycle arrest [27]. To investigate 
the underlying mechanism of the synergistic 
effect of combining EED226 and LEE011 
observed in this study, an immunoblot assay 
showed that combination therapy of EED226 
and LEE011 down-regulate the expression of 
CDK4, pCDK4, CDK6 and pCDK6 in C666-1 
cells. This observation could be replicated in 
HK1 cells. Furthermore, co-treatment with 
EED226 and LEE011 resulted in the upregula-
tion of p21 expression in C666-1 cells. EED226 
and LEE011 combination have better suppres-
sion effect of the expression of Rb and pRb in 
HK1 cells (Figure 6C).

Discussion

The findings of this study support the therapeu-
tic targeting of PRC2-related proteins in NPC, 
when used in combination with other anti-can-
cer agents such as HDAC inhibitor or CDK4/6 
inhibitor. This study found that PRC2-related 
proteins are commonly expressed in NPC cell 
lines and tumors but were not associated with 
survival in NPC patients-although EZH2 was 
associated with advanced T-stage. When used 
as single agents, EED and EZH2 inhibitors have 
modest effect on inhibiting NPC cell growth, 
even though EED inhibition could significantly 
reduce the level of H3K27me3 in vitro at rela-
tively low concentrations. Subsequent explor-
atory gene expression analysis revealed that 
EED inhibition could significantly affect the 
expression of genes and proteins which regu-
lating the antigen-presentation pathways and 
the cell-cycle. Furthermore, the combined inhi-
bition of CDK4/6 and EED activity was syner- 
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Figure 3. Synergistic effect of PRC2 inhibitors with other epigenetic modulators. A. Schematic representation of drug sequence. B. Combinatory effect of EPZ-6438 
& AZA and EPZ-6438 & TSA on proliferation of C666-1 cells in 6-day assay. C. Combinatory effect of EED226 & AZA and EED226 & TSA on proliferation of C666-1 
cells in 6-day assay. D. Combinatory effect of EPZ-6438 & EED226 and on proliferation of C666-1 cells in 6-day assay.
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Figure 4. Synergistic effect of PRC2 inhibitors with chemotherapy agents. A. Combinatory effect of EPZ-6438 & gem-
citabine and EPZ-6438 & cisplatin on proliferation of C666-1 cells in 6-day assay. B. Combinatory effect of EED226 
& gemcitabine and EED226 & cisplatin on proliferation of C666-1 cells in 6-day assay. C. CI analysis of EED226 and 
gemcitabine in HK1 and C666-1 cell lines at 6 day.

gistic on inhibiting cell growth in NPC in vitro. 
Likewise, the combination of EZH2 inhibitor 
and other epigenetic modulators could result in 
additive to synergistic inhibitory effect on NPC 
cell growth.

Overexpression of EZH2 has previously been 
shown to be an independent prognostic factor 
in patients with NPC, but this was not observed 
in the current study [12]. It may caused by the 
different patient characteristics in different 
studies. In the current study, 47 patients re- 
ceived chemotherapy for NPC and 6 patients 
developed distant metastasis (Table S2). Con- 
sidering PRC2-related proteins are involved in 
chemotherapy resistance [28, 29], prior che-
motherapy could have influenced the expres-
sion levels of PRC2 subunits. Furthermore, 
EZH2 expression has not been shown to have 
prognostic significance in some cancers like 
prostate cancer [30], because PRC2-related 
proteins may have a pleotropic effect in differ-
ent human cancers. 

The observation that EED226 could significant-
ly reduce the expression of H3K27me3 sup-
ports the hypothesis that PRC2-targeting may 
potentially ‘re-program’ gene expression in 
NPC. In this study, the most effective combina-
tion appeared to be the co-targeting of EZH2 
and HDAC in NPC, probably because EZH2 
could form a co-repressor complex with HD- 
AC1/HDAC2 induced cell growth inhibition and 
invasiveness in NPC models [10, 13]. This is 
supported by studies in other cancers, show- 
ing that the combination of EZH2 and HDAC 
inhibitors (or triple combination of AZA, EZH2 
inhibitor and TSA) have additive to synergistic 
effect on inhibiting cell growth in lung cancer 
and leukemia [31-33]. In this study, although 
EED226 showed synergistic effect when com-
bined with gemcitabine, the effective dose of 
EED226 used (20 μM) in CI assay will be too 
high to be used in vivo or clinical setting.

Whole exome sequencing (WES) of NPC has 
shown that up to a third of NPC harbor MHC 
class 1-related gene alterations which contrib-
ute to defective antigen-presentation in NPC 
[36]. Given the promising activity of immune-

checkpoint inhibitors (ICP) in NPC patients [22], 
the effect of EED226 on increasing the expres-
sion of MHC-1 related genes may have impor-
tant clinical implications on modulating res- 
ponse to ICP in NPC. This finding is supported 
by a previous study showing that PRC2-target- 
ing agents can up-regulate immune response 
related pathways in Karpas422 cells [16], as 
well as enhancing the expression levels of  
B2M and CXCL10 in some tumors [34, 35]. 
Treatment with EZH2 inhibitors have been 
shown to increase the level of effector T-cell 
tumor infiltration in ovarian tumor-bearing mice 
[37]. Many head and neck squamous cancers 
are defective in MHC class 1-mediated antigen 
presentation [7], suggesting that PRC2-tar- 
geting agents may also potentially influence 
response to immunotherapy.

However, the effect of PRC2 inhibitors in mo- 
dulating response to ICP in NPC may be influ-
enced by the EBV. Previous studies have sh- 
own that the inhibition of multiple MHC-I genes 
was strongly correlated with the increase in 
EBV gene expression especially EBNA1 [38]. 
The link between MHC-I and EBV may possibly 
decrease the effect of PRC2 inhibitors in the  
re-expression of cell surface antigens.

The synergistic effect observed in the co-tar-
geting of CDK4/6 and EED activity has provid- 
ed another promising strategy that warrants 
further investigation, especially when these 
agents have shown tolerable toxicity profiles in 
clinical trials. This study has demonstrated a 
proof-of-concept for this combinatorial strate-
gy, by showing that an EED inhibitor could sup-
press CDK4/6 and pCDK4/6. This observation 
is supported by a precious observation that 
EZH2 downregulation could suppress the ex- 
pression of CDK4/6 [14].

In conclusion, EED inhibition can significantly 
down-regulate the level of H3K27me3 at rela-
tively low concentrations for prolonged period 
of exposure, and therefore affect global ge- 
ne expression in NPC. This study supports sev-
eral combinatorial approaches of combining 
PRC2-targeting agents in NPC which warrants 
further investigation in animal models of NPC. 
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Figure 5. EED226 gene expression profile. A. Cluster analysis of differential genes. For samples’ gene expression, 
the significant criteria of differential expression genes are: |log2 fold| > 1 and padj < 0.005, and up-regulated 
genes show in red, down-regulated genes show in blue. B. Top GO enrichment genes by 5 μM EED226 at day 3, 7, 
14. C. Top KEGG pathway enrichment by 5 μM EED226. D. MHC-I and MHC-II expression levels up-regulated after 
the treatment of EED226 in C666-1 cells at 7 day. E. MHC-I and MHC-II expression levels up-regulated after the 
treatment of EED226 in HK1 cells at 3 day. * represent P < 0.05.
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Figure 6. Synergistic effect of EED226 with LEE011. A. Schematic representation of ANN assay method. B. CI analy-
sis of EED226 and LEE011 in HK1 and C666-1 at 72 hours. C. Western blot for cell cycle related proteins on HK1 
and C666-1 cell lines treated with combination therapies at 24 hours. * represent P < 0.05.

The most promising combinations included 
EED and CDK4/6 inhibition, as well as EZH2 
and HDAC inhibition. The mechanism of EED 
inhibition on influencing response to ICI in 
tumors that are known to be defective in MHC 
class-I antigen presentation should also be 
investigated.
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Table S1. Patient characteristics
Characteristics No. of patients %
Total number of patients 93
    Age
        ≤ 50 48 51.6
        > 50 45 48.4
    Gender
        Males 74 79.6
        Females 19 20.4
    Primary tumor (T) stage
        T1 18 19.4
        T2 28 30.1
        T3 31 33.3
        T4 15 16.1
        Unknown 1 1.1
    Regional lymph nodes (N) stage
        N0 21 22.6
        N1 34 36.6
        N2 24 25.8
        N3 13 14.0
        Unknown 1 1.1
    Metastatic disease
        M0 87 93.6
        M1 6 6.5
    Overall stage
        Stage I 2 2.2
        Stage II 26 28.0
        Stage III 40 43.0
        Stage IVA 18 19.4
        Stage IVB 4 4.3
        Stage IVC 1 1.1
        Unknown 2 2.2
    Prior Chemotherapy
        No 10 10.8
        Yes 47 50.5
        Unknown 36 38.7
    Prior Radiotherapy
        No 29 31.2
        Yes 28 30.1
        Unknown 36 38.7
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Table S2. Clinical outcome of the 93 patients with archival NPC tumors 
analyzed in this study

Frequency %
Status
    Alive 52 55.9
    Died of NPC 27 29.0
    Died after protocol treatment complication 8 8.6
    Died of other chemotherapy treatment complication 2 2.2
    Died of concurrent illness 2 2.2
    Died of other causes 2 2.2
Progression
    Without progression 64 68.8
    Local failure 15 16.1
    Regional failure 5 5.4
    Distant failure 17 18.3
Note: 3 cases have both local-regional failure and distant failure. 29 cases have distant 
or local-regional failure.

Table S3. Survival analysis of EZH2, EED, SUZ12 and H3K27me3
Hazard Ratio (HR) 95% CI P value

OS 
    EZH2 expression level 0.803 0.381-1.695 0.565
    SUZ12 expression level 0.815 0.387-1.718 0.591
    EED expression level 0.902 0.319-2.552 0.846
    Primary tumor (T) stage 0.372 0.186-0.741 0.005
    Regional lymph nodes (N) stage 0.409 0.215-0.776 0.006
    Overall stage 0.278 0.115-0.672 0.004
PFS 
    EZH2 expression level 0.812 0.399-1.652 0.566
    SUZ12 expression level 0.838 0.413-1.701 0.624
    EED expression level 0.787 0.280-2.209 0.649
    Primary tumor (T) stage 0.529 0.282-0.990 0.047
    Regional lymph nodes (N) stage 0.425 0.231-0.781 0.006
    Overall stage 3.310 1.454-7.535 0.004
DMFS
    EZH2 expression level 1.321 0.431-4.052 0.626
    SUZ12 expression level 0.849 0.277-2.605 0.775
    EED expression level 0.429 0.057-3.233 0.411
LRFS
    EZH2 expression level 0.703 0.285-1.733 0.444
    SUZ12 expression level 0.707 0.287-1.737 0.449
    EED expression level 0.573 0.135-2.421 0.448
Note: 0 and +1 were classified as negative group; +2 and +3 were classified as positive 
group.



Preclinical evaluation of PRC2-targeting agents in NPC

3	

Table S4. Correlation of markers with NPC stage
EZH2

P value
Negative Positive

Distant-metastatic stage 1.000
    Without Metastatic 25 62
    Metastatic 1 5
Primary tumor (T) 0.021
    T1 + T2 8 38
    T3 + T4 18 28
Overall stage 0.121
    Stage I + Stage II 5 24
    Stage III + Stage IV 21 43
Local failure 0.771
    Without local failure 22 54
    Local failure 4 13

SUZ12
P value

Negative Positive
Distant-metastatic stage 1.000
    Without Metastatic 23 64
    Metastatic 1 5
Primary tumor (T) 0.058
    T1 + T2 8 38
    T3 + T4 16 30
Overall stage 0.204
    Stage I + Stage II 5 24
    Stage III + Stage IV 19 45
Local Failure 1.000
    Without local failure 20 56
    Local failure 4 13

EED
P value

Negative Positive
Metastatic stage 0.541
    Without Metastatic 10 77
    Metastatic 1 5
Primary tumor (T) 0.197
    T1 + T2 3 43
    T3 + T4 8 38
Overall stage 0.163
    Stage II 1 28
    Stage III + Stage IV 10 54
Local Failure 0.682
    Without local failure 10 66
    Local failure 1 16

H3K27me3
P value

Negative Positive
Metastatic stage 1.000
    Without Metastatic 23 64
    Metastatic 1 5
Primary tumor (T) 0.342
    T1 + T2 10 36
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    T3 + T4 14 32
Overall stage 0.448
    Stage II 6 23
    Stage III + Stage IV 18 46
Local Failure 0.707
    Without local failure 19 57
    Local failure 5 12

Table S5. Frequency table of prognostic markers
Prognostic marker No. of patients %
EZH2 
    0 = none 11 11.83
    +1 = weak 15 16.13
    +2 = moderate 22 23.66
    +3 = strong 45 48.39
SUZ12 
    0 = none 14 15.05
    +1 = weak 10 10.75
    +2 = moderate 27 29.03
    +3 = strong 42 45.16
EED 
    0 = none 3 3.23
    +1 = weak 8 8.60
    +2 = moderate 36 38.71
    +3 = strong 46 49.46
H3K27me3 
    0 = none 18 19.35
    +1 = weak 6 6.45
    +2 = moderate 20 21.51
    +3 = strong 49 52.69

Table S6. Spearman correlation analysis result among 4 bio-
markers

EZH2 SUZ12 EED H3K27me3
EZH2 / 0.476** 0.263* 0.409**
SUZ12 0.476** / 0.256* 0.191
EED 0.263* 0.256* / 0.225*
H3K27me3 0.409** 0.191 0.225* /
Note: Table shows r values. *means P < 0.05; **means P < 0.000.
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Figure S1. KEGG pathway enrichment analysis. KEGG analysis of antigen processing and presentation pathway (ID: 
hsa04612) at 7 (A) and 14 (B) day. MHC-1, TAP1/2, B2M, MHC-II, HLA-DM, HSP70, SLIP and CLIP are red indicated 
those genes were up regulated after the treatment of EED226. (C) KEGG analysis of cell cycle (ID: hsa04110) at 14 
days. CDK4/6 are green indicated those genes were down regulated after the treatment of EED226.


