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ABSTRACT
Aims: Polycomb Group (PcG) complexes are epigenetic repressors that silence tumor suppressive
genes. Studies demonstrated that pharmacologic inhibition of PcG complexes with 3deazaneplanocin A (DZNeP) induces cancer cell death by re-expressing silenced genes. Here, we
evaluate the prognostic significance of DZNeP target genes in gastric and breast cancer.
Patients & Methods/Materials: The prognostic impact of a DZNeP-regulated gene signature was
investigated using the KM Plotter and cBio Portal resources containing microarray data from tumor
tissue.
Results: We report that elevated expression of DZNeP targets is associated with poor clinical
outcome in gastric and breast cancer. In gastric cancer, elevated expression of DZNeP signature is
inversely correlated with decreased overall survival. In breast cancer, DZNeP signature predicted
poor prognosis in HER2+ tumors but not in HER2- neoplasms.
Conclusions: These findings demonstrate that DZNeP target genes are not predictive of better but
rather of poor clinical outcome in gastric and breast cancer.
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SUMMARY POINTS
-

-

EZH2 is an epigenetic repressor that is frequently overexpressed in advanced malignancies.
3-deazaneplanocin A (DZNeP) is an EZH2 inhibitor that has shown some anti-tumor
activity in pre-clinical models.
Tan et al. have previously identified a 44-gene expression signature that was upregulated
following treatment with DZNeP in cancer cells.
In gastric cancer, high expression of DZNeP signature is associated with lower overall
survival in patients independently of other clinicopathologic factors.
In breast cancer, elevated expression of DZNeP signature is correlated with poor clinical
outcome.
More specifically, expression of DZNeP target genes is associated with patient prognosis
in HER2+ but not in HER2- breast cancer.
The results presented in this article suggest that analyzing the expression of genes
modulated by an epigenetic drug may not be a perfect surrogate to determine the efficacy
of that drug.
There are multiple proposed mechanisms by which higher expression of DZNeP targets
may be associated with poor clinical outcome in different tumor types.

INTRODUCTION
For many years, cancer has been described as a genetic disease resulting from a series of DNA
mutations [1]. However, it has become widely accepted that epigenetic alterations that do not alter
DNA sequence can also drive cancer initiation and progression in concert with genetic alterations
[2, 3]. This paradigm shift has generated considerable interest in exploring the cancer epigenome
in the search for clinical tools to diagnose, classify, and treat human tumors [4]. Notably, extensive
evidence has demonstrated that a group of epigenetic regulators called the Polycomb Group (PcG)
proteins play critical roles in human cancer and may be exploited clinically [5, 6]. PcG proteins
assemble in two main Polycomb Repressive Complexes (PRC1 and PRC2) known to silence key
tumor suppressor genes, thereby contributing to tumorigenesis and metastasic dissemination [7].
Among PcG proteins, EZH2 has been the most extensively studied protein given its recurrent
implication in aggressive neoplasms [8, 9]. EZH2 functions as the catalytic component of PRC2
by trimethylating histone 3 at lysine 27 (H3K27me3), an epigenetic mark associated with
transcriptional repression [10]. H3K27me3 serves as a docking site for PRC1, which further
promotes heterochromatin formation at target loci [11]. In a number of tumor types, EZH2 is
overexpressed and its elevated expression correlates with metastatic spreading and poor patient
prognosis [12-14]. Moreover, single nucleotide polymorphisms (SNPs) present in the EZH2 gene
have been associated with survival and drug response in different cancer types [15, 16]. In line with
these findings, pharmacologic inhibition of EZH2 decreased proliferation, tumorigenicity, and
invasion while inducing apoptosis in vitro and in vivo [8, 17]. Accordingly, the efficacy of EZH2
inhibitors has been well documented in animal models and come of them are currently undergoing
highly anticipated clinical testing [18, 19].
Given the transcriptional effects of EZH2, altered gene expression induced by EZH2 may be used
as an important tool to prognosticate human tumors [20, 21]. Tan et al. have previously analyzed
gene expression following pharmacologic EZH2 inhibition with the EZH2 inhibitor 3deazaneplanocin A (DZNeP) in a panel of human cancer cell lines [22]. They identified 44 EZH2
target genes that were consistently upregulated following DZNeP treatment. We have previously
shown that this gene signature is down-regulated in metastatic compared to primary neoplasms [9].
However, the prognostic role of this signature in primary tumors remains unexplored. In this article,
we analyze the prognostic significance of this signature and demonstrate that its elevated expression
associates with poor clinical outcome in breast and gastric cancer.

FINDINGS AND DISCUSSION
To assess the clinical significance of EZH2 target genes, we employed a list of genes, referred to
as the DZNeP signature, comprised of 44 genes that were significantly overexpressed following
DZNeP treatment in a number of human cancer cell lines (Table S1), as reported by Tan et al [22].
Briefly, RNA was extracted from cancer cell lines after treatment with 5μM of DZNeP and
subsequently profiled using Illumina microarray technology. The mean expression of these 44
genes was used and correlated to different clinical endpoints using the KM Plotter platform
(http://kmplot.com/analysis/) [23, 24]. The optimal microarray probes to represent a gene were
selected in an unbiased fashion according to the previously published Jetset method [25]. KM

Plotter analyses were conducted in gastric cancer [23] and breast cancer [24, 26] cancer with the
available endpoints.
As the first step, we investigated the association between the expression of DZNeP signature with
overall survival (OS) in gastric cancer. In an unsorted cohort of gastric cancer patients, there was a
significant correlation between silencing of DZNeP signature and shorter OS, (Figure 1, Logrank
test, p<10-7, hazard ratio (HR)=1.86). Next, we analyzed whether this relationship was maintained
in specific clinical subgroups. We observed that downregulation of the signature was also
significantly associated with lower OS in gastric tumors of different differentiation status,
metastatasis, Lauren class, and HER2 status (Figure 1). Taken together, these results indicate that
repression of DZNeP target genes is observed in more lethal gastric cancers, independently of other
clinical features.
To further evaluate the prognostic impact of the DZNeP signature, we investigated the correlation
between poor prognosis and the expression of individual genes from the signature. We conducted
a Kaplan-Meier analysis using the cBio Portal in a large cohort of gastric cancer made up of 265
patients (TCGA, Nature 2014 gastric adenocarcinoma [27]). We report a strong association
between lower disease-free survival and elevated expression (fold change ˃2) of the genes KLF6
(Figure S1, p=3.8e-4) and SLPI (Figure S1, p=6.7e-3). In line with these findings, SLPI has already
been shown to promote gastric cancer growth and metastasis [28]. Thus, these data indicate that
KLF6 likely to represent the most relevant genes within the signature in gastric cancer and may be
independent prognostic markers, therefore warranting further functional evaluation.
To determine whether this association was restricted to gastric cancer, we also conducted survival
analysis in a breast cancer cohort. Expression data was correlated with three available clinical
endpoints: overall survival (OS), recurrence-free survival (RFS), and distant-metastasis-free
survival (DMFS). As observed in gastric cancer, upregulation of DZNeP signature was
significantly associated with poorer outcome with regards to OS (Figure 2A, Logrank test, p<0.05,
HR=1.43), RFS (Figure 2B, Logrank test, p<0.002, HR=1.29), and DMFS (Figure 2C, Logrank
test, p<0.03, HR=1.46). Thus, upregulation of DZNeP signature occurred preferentially in
aggressive breast tumors, as reported in gastric cancer.
Next, we assessed whether the signature was selectively upregulated in a particular breast cancer
subtype. In HER2+ breast cancer, we found that elevated expression of the signature was
significantly associated with lower RFS (Figure 3A, Logrank test, p<0.006, HR=2.19) and DMFS
(Figure 3B, Logrank test, p<0.006, HR=4.24). However, this was not found in HER2- breast
tumors, where RFS (Figure 3A, Logrank test, p=0.15, HR=1.24) and DMFS (Figure 3B, Logrank
test, p=0.98, HR=1.02) did not significantly correlate with expression of DZNeP. This suggests
that upregulation of DZNeP targets can occur preferentially in distinct clinical subgroups in breast
cancer but appears to be a widespread event in gastric cancer.
To further validate the prognostic value of the signature, we sought to determine whether individual
genes within the signature may be independently associated with clinical outcome in breast cancer
patients. We queried the cBio Portal to analyze whether elevated expression (fold change ˃2) of
each gene was significantly associated with poor prognosis using a Kaplan-Meier analysis. We
selected the Breast Cancer (METABRIC, Nature 2012 & Nat Commun 2016 [29]) cohort, which
contained microarray data, derived from 2509 patients. In accordance with our results, we found
that elevated expression of four genes was significantly linked with lower overall survival: KCNC4
(p=0.03), SQSTM1 (p=0.005), TGFB1 (p=0.02), and ZNF286A (p=0.04, Figure S2). Interestingly,

KCNC4, SQSTM1, and TGFB1 have all been linked to promoting increased cell migration and
stem-like phenotypes of breast cancer cells in the literature [30-32]. Therefore, the elevated
expression of these pro-metastatic genes may explain the reduced overall survival.
In accordance with numerous other articles, we have previously demonstrated that silencing of PcG
targets can predict poor prognosis in some aggressive tumor types [5, 20]. Here, we report the
opposite in gastric and breast cancer, wherein an upregulation of DZNeP target genes is observed
in more aggressive tumors. In this report, since EZH2 overexpression but not silencing of EZH2
targets correlates with poor prognosis, we conclude that EZH2 likely promotes tumor progression
through PcG-independent mechanisms and not solely through silencing of a few specific genes
such as the DZNeP signature [33].
Although these results argue against the classical model of PcG-mediated oncogenesis [34], a
number of factors can explain why the upregulation of DZNeP targets can be linked to poorer
prognosis. First, since the effect of EZH2’s silencing activity extends to a large amount of genes
and therefore affects global gene expression [35]. Thus, repression of a few genes such as the
signature may not be sufficient to promote tumor aggressiveness. In addition, EZH2 acts not solely
through gene silencing, but also through ncRNAs or other macromolecules [36, 37]. Since our
analysis contained exclusively protein-coding genes, it is possible that a DZNeP signature including
ncRNAs would yield different results. DZNeP may have off-target effects and interact with proteins
other than EZH2 that regulate gene expression. Another possibility is that DZNeP treatment
preferentially affects a subset of genes (the signature) but not all EZH2 target genes, as a microarray
analysis revealed that EZH2 siRNA and DZNeP affect a partially overlapping set of genes [22].
Furthermore, the expression and the effect of DZNeP targets may differ in a cancer-specific
manner. For example, it is possible that post-translational modifications (PTMs) of EZH2 in distinct
cell contexts may direct EZH2 towards gene silencing while other PTMs may prime EZH2 for
cellular roles that are independent of transcriptional repression [37, 38].
While our findings open up novel avenues regarding the mechanisms through which EZH2
promotes tumor growth, our study also brings up key implications for clinical management.
Importantly, our findings raise the issue that it may be inaccurate to use the expression of gene
targets to quantify the activity of a drug targeting an epigenetic regulator. This is because epigenetic
regulators such as EZH2 can promote tumor progression through mechanisms other than solely
transcriptional repression [39, 40]. Further supporting this idea, our study identified different genes
that were significantly associated with poor clinical outcome in breast and gastric cancer.
Moreover, as chemotherapy represents the backbone of systemic therapy in most solid
malignancies (such as gastric and breast cancers), insights into the molecular interactions of
cytotoxic agents and drugs acting on the epigenetic machinery are needed to design a personalized
therapeutic approach. Indeed, evidence exists that EZH2 is involved in sensitivity to chemotherapy
of gastric cancer cell lines through ncRNAs regulation [41]. Finally, we believe that it should
become imperative to integrate genetic and epigenetic data from individual tumors to provide a
more comprehensive overview of the molecular alterations driving cancer progression in each
patient. This will provide additional tools to guide clinicians in selecting treatment sequence and in
providing a more accurate prognosis.

TABLE AND FIGURE LEGEND
Table S1: Composition of DZNeP gene signature.
Figure 1: Analysis of DZNeP signature expression and correlation with overall survival in different
clinical subtypes of gastric cancer.
Figure 2: DZNeP signature analysis in full breast cancer clinical cohort: A) Overall survival (OS):
Logrank test, p<0.05, HR=1.43 B) Recurrence-free survival (RFS): Logrank test, p<0.002,
HR=1.29 C) Distant metastasis-free survival (DMFS): Logrank test, p<0.03, HR=1.46.
Figure 3: Prognostic value of DZNeP signature in HER2 subtypes. A) Kaplan Meier analysis of
DZNeP signature expression and RFS in HER2+ (Logrank test, p<0.006, HR=2.19) and HER2(Logrank test, p=0.15, HR=1.24) breast cancer B) Kaplan Meier analysis of DZNeP signature
expression and DMFS in HER2+ (Logrank test, p<0.006, HR=4.24) and HER2- (Logrank test,
p=0.98, HR=1.02) breast cancer.
Figure S1: Prognostic analysis of individual DZNeP signature genes in gastric cancer using the
cBio Portal. Assessment of individual prognostic genes in the TCGA, Nature 2014 gastric
adenocarcinoma cohort demonstrates that high expression (FC˃2) of KLF6 (p=3.8e-4) and SLPI
(p=6.7e-3) is associated with lower disease-free survival.
Figure S2: Analysis of individual DZNeP signature genes in breast cancer using the cBio Portal.
Data from the breast cancer METABRIC trial was analyzed and demonstrated that lower overall
survival was correlated with high expression of KCNC4 (p=0.03), SQSTM1 (p=0.005), TGFB1
(p=0.02), and ZNF286A (p=0.04).

TABLES
Table S1: Composition of DZNeP gene signature
#

Accession #

Gene

Affy gene ID

1

NM_000358

TGFBI

201506_at

2

NM_000228

LAMB3

209270_at

3

NM_000598

IGFBP3

210095_s_at

4

NM_005556

KRT7

209016_s_at

5

NM_022748

TNS3

217853_at

6

NM_001394

DUSP4

226034_at

7

NM_148177

FBXO32

225328_at

8

NM_001630

ANXA8

203074_at

9

NM_002658

PLAU

205479_s_at

10

NM_003900

SQSTM1

213112_s_at

11

NM_003064

SLPI

203021_at

12

NM_012385

NUPR1

209230_s_at

13

NM_000362

TIMP3

201150_s_at

14

NM_058229

FBXO32

225345_s_at

15

NM_014330

PPP1R15A 202014_at

16

NM_001300

KLF6

1555832_s_at

17

NM_004405

DLX2

207147_at

18

XM_166376

PPP1R18

224927_at

19

NM_004089

TSC22D3

208763_s_at

20

NM_000422

KRT17

205157_s_at

21

NM_005115

MVP

202180_s_at

22

NM_033452

TRIM47

225868_at

23

NM_007207

DUSP10

221563_at

24

NM_002673

PLXNB1

215807_s_at

25

NM_003954

MAP3K14 205192_at

26

NM_153271

SNX30

226249_at

27

NM_002510

GPNMB

201141_at

28

XM_290536

PHRF1

234952_s_at

29

NM_033219

TRIM14

210846_x_at

30

NM_000413

HSD17B1

205829_at

31

NM_014387

LAT

211005_at

32

NM_016263

FZR1

209414_at

33

NM_020652

ZNF286

239898_x_at

34

NM_152449

LYSMD4

228954_at

35

NM_014830

ZBTB39

205256_at

36

NM_173217

ST6GAL1

201998_at

37

NM_138768

MYEOV

227342_s_at

38

NM_005065

SEL1L

202061_s_at

39

NM_145102

ZFP95

203731_s_at

40

NM_153763

KCNC4

228436_at

41

NM_024408

NOTCH2

212377_s_at

42

NM_006943

SOX12

228358_at

43

NM_018986

SH3TC1

219256_s_at

44

NM_030767

AKNA

225701_at
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