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Abstract

Objectives—Enhancer of zeste homolog 2 (EZH2) is a histone methyl transferase that mediates
epigenetic silencing of tumor suppressor genes. It is commonly over-expressed in several solid
tumors and has been shown to be a prognostic biomarker. We investigated patterns of EZH2
expression in endometrial cancer.

Methods—Evaluation of EZH2 expression was completed on both early and advanced stage
endometrioid adenocarcinoma tissues and a subset of matched normal mullerian tissue samples,
from participants enrolled in Gynecologic Oncology Group (GOG) protocol 210, using real time
reverse transcription polymerase chain reaction (RT-PCR) and western blot (WB) analysis. Non-
parametric methods were used to assess differences in mMRNA and protein expression respectively
with known clinical/pathologic prognostic factors. Survival analysis was performed using
techniques including Cox proportional hazards (PH) model to evaluate differences in progression
free survival (PFS) and overall survival (OS) based on EZH2 expression.

Results—Eighty-seven patient samples were analyzed that included 60 tumors and 27 matched-
normal tissue specimens. EZH2 mRNA (p < .0001) and protein expression (p < .0001) in tumor
specimens were significantly higher than in matched-normal tissue. In primary tumors, EZH?2
protein expression was associated with lympho-vascular space invasion (LVSI, p=.044), and
EZH2 mRNA expression was associated with age (p=.037). Differences in EZH2 expression
between primary tumors and matched normal tissue were not associated with other known clinical
and pathologic factors. However, there did appear to be a trend toward decreased progression-free
survival among patients with high EZH2 expression levels.

Conclusions—Our results confirm the differential expression of EZH2 in uterine cancers
compared to normal tissues. However, there were no statistically significant differences in survival
associated with EZH2 expression in patients with endometrial cancer.
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1. Introduction

Endometrial cancer is the most common gynecologic malignancy [1 ]. Fortunately, many are
diagnosed at an early stage. However, in patients with advanced stage or recurrent disease
there is a substantial need for novel therapeutic options. In an effort to identify new targets,
investigators have explored the relevance of epigenetic modifiers in cancer therapeutics. One
such potential candidate is Enhancer of zeste homolog 2, (EZH2). EZH2 is a histone methy!
transferase that mediates gene silencing by catalyzing trimethylation on lysine 27 of histone
H3 (H3K27Me3) [2]. As a member of the polycomb group of genes (PcG) it has been
implicated in nucleosome modification, chromatin remodeling, and interaction with various
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transcriptional regulators [3]. EZH2 has been targeted for inhibition because it is upregulated
in multiple cancers and is critical for pathways that control cellular proliferation,
angiogenesis, and survival [4-6]. This has led to the development of oral EZH2 inhibitors
that have demonstrated activity in early clinical trials with a favorable safety profile in non-
Hodgkin lymphoma and advanced solid tumors, including soft tissue sarcoma [7].

EZH2 is overexpressed in prostate, breast, ovarian, lung, liver, renal, gastric, esophageal,
colorectal cancers, and melanoma [8-19]. In many of these, EZH2 expression is also
correlated with higher proliferation and aggressive behavior of cancer cells, as well as poor
prognosis. Indeed, studies have shown that overexpression of EZH2 in endometrial cancer
cell lines promotes cellular proliferation, migration, and invasion in vivo [20]. Therefore, the
current study has two specific aims: first, to test the hypothesis that there is differential
expression of EZH2 in endometrial tumors compared to normal tissue; second, to examine
the relationship between EZH2 expression and other known clinicopathologic factors that
may correlate with prognosis.

Materials & methods

Research design and tissue specimens

Approval to conduct this study was obtained from the University of California, Irvine
Institutional Review Board (HS#2011-8162). In this study, the expression of EZH2 was
investigated in both early and advanced stage endometrioid adenocarcinoma tissues, in
addition to a subset of matched normal mullerian tissue samples. Specimens were provided
by the Gynecologic Oncology Group (GOG) tissue bank from the GOG-210 clinical trial.
Full details of the study population have been published previously [21]. This study was a
part of GOG-8025 that had tumor tissue samples randomly selected within each stage group
(stage /11 vs stage 111/1V) in patients with endometrioid endometrial cancer based on a two-
independent group design and availability of matched normal tissues [21]. Researchers
conducting laboratory experiments were blinded to clinical data. The primary endpoints of
interest in this study are differences in protein and mRNA expression of EZH2 as assessed
by WB analysis and RT-PCR. Each experiment was carried out in triplicate and with positive
and negative controls for EZH2 expression obtained from commercially available
endometrial cell lines. Clinical and pathologic characteristics were prospectively and
reliably collected by the GOG from multiple institutions.

2.2. Control cell lines and cell culture

The human endometrial cell lines utilized in this study ECC-1 (endometrial adenocarcinoma
cell line) and T-HESC (endometrial stromal cell line) were purchased from American Type
Culture Collection (ATCC, Manassas, VA). In accordance with ATCC guidelines, ECC-1
was grown in RPMI-1640 medium supplemented with 5% FBS; T-HESC was cultured in a
phenol-free DMEM-F12 1:1 mixture supplemented with 1% ITS + premix, and 10%
charcoal treated FBS. All cells were supplemented with penicillin (100 units/mL) and
streptomycin (100 pg/mL) and maintained at 37 °C in a humidified atmosphere of 5% CO2.
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2.3. Protein isolation and Western blot analysis

Cell extracts were prepared in RIPA lysis buffer containing protease inhibitors (Sigma, St.
Louis, MO). Cell lysates were centrifuged, the supernatant was collected, and the BCA
protein assay kit was used to determine protein concentration per package protocol (Thermo
Fisher Scientific, Rockford, IL). Protein lysates containing equal amounts of protein were
then separated on 12% sodium dodecy! sulfatepolyacrylamide gel electrophoresis (SDS-
PAGE) (Bio-Rad, Hercules, CA), and electrophoretically transferred to a Hybond-ECL
membrane (GE Healthcare, Piscataway, NJ). Blots were then blocked for 1 h in TBST (10
mM Tris-HCL, pH 8.0, 150 mM NacCl, and 0.05% Tween-20) containing 5% blocking grade
non-fat dry milk (Bio-Rad, Hercules, CA), and then incubated with primary antibody at 4 °C
overnight. Antibodies for EZH2 and GAPDH (loading control) used in WB were purchased
from Cell Signaling Technology (Danvers, MA). Blots were then washed 3 times in TBST
and incubated for 90 min at room temperature with HRP-conjugated goat anti-rabbit or anti-
mouse IgG secondary antibody (Santa Cruz Biotechnology, Santa Cruz, CA).
Immunoreactive bands were visualized using the SuperSignal West Pico chemiluminescence
detection system (Thermo Fisher Scientific, Rockford, IL).

Relative adjusted density was calculated using Image-J software and visual inspection of
EZH2 bands with positive (ECC-1) and negative controls (T-HESC); these measurements
were strongly correlated and the dichotomous outcome was used to simplify analysis.
Therefore, results were reported as the presence or absence of immunoreactive bands.

2.4. Real-time reverse transcription-polymerase chain reaction (RT-PCR)

RNA was isolated from all tissue samples using the TRIzol reagent (Invitrogen, Carlshad,
CA\) as previously reported by Eskander et al. [22]. A High Capacity cDNA Reverse
Transcription kit was utilized to synthesize complementary DNA from 2 pg of total RNA per
the manufacturer protocol (Applied Biosystems, Foster City, CA). Real time PCR
amplification reactions for EZH2 were then carried out using the CFX Connect™ system
(Bio-Rad) as per manufacturer’s guidelines. GAPDH gene expression was used for
normalization. EZH2 and GAPDH primers were obtained from Qiagen (Valencia, CA). Data
was then analyzed using the comparative C; method as previously described in detail else-
where [23]. Briefly, PCR results were analyzed using gene expression study software to
calculate normalized expression ratios and determine the relative fold-change in EZH2
expression in samples compared to control cell lines. Each experiment was performed in
triplicate.

2.5. Statistical analysis

Either exact or Monte-Carlo simulation-based non-parametric methods such as Spearman
correlation coefficient tests, Kruskal-Wallis tests, Fisher exact tests, chi-squared tests,
McNemar tests were used to explore the associations of EZH2 expression (either mRNA or
protein) in primary tumor tissue and EZH2 expression difference between primary tumor
tissue and the matched normal tissue with each of the prognostic factors and site of first
disease recurrence, respectively. EZH2 mRNA expression difference was defined as EZH2
MRNA expression in primary tumor minus EZH2 mRNA expression in normal tissue. When
exploring differences in EZH2 protein expression on WB, the EZH2 protein expression
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difference was defined as EZH2 protein expression in primary tumor minus EZH2 protein
expression in normal tissue, where positive WB was coded as 1 and negative WB was coded
as 0. Progression-free survival (PFS) was defined as the duration of time from study entry to
date of evidence of disease recurrence or progression, death, or the date of last contact,
whichever occurs first. PFS is censored in patients who are alive and have not experienced
disease progression or recurrence. Overall survival (OS) was defined as the duration of time
from study entry to the time of death due to any cause or the date of last contact. The site of
first recurrence was classified as locoregional if within the vagina or pelvis and distant if
otherwise.

Monte-Carlo permutation-based log-rank tests were utilized to investigate the relationships
of EZH2 expression difference between primary tumor tissue and the matched normal tissue
with PFS, and the relationships of EZH2 expression in primary tumor tissues with PFS,
respectively. Univariate Cox proportional hazards (PH) model was used to estimate hazard
ratio (HR) and corresponding profile likelihood (PL) confidence interval (CI). In addition,
the associations of PFS with each of the other interesting clinical and pathologic factors
were explored by score tests from univariate Cox PH model, respectively. The relationships
of OS with EZH2 expression were only characterized by Kaplan-Meier curves due to small
number of events (i.e., 7 events out of 60 patients with primary tumor tissues, 3 events out of
27 patients with matched tumor and normal tissues).

An arbitrary significance level of 0.05 was used to classify individual statistical hypothesis
test results as interesting and worthy of further investigation. No adjustment was made for
multiple tests due to the exploratory nature of this study. Statistical analyses were performed
using SAS software (version 9.4 SAS Institute Inc., Cary, NC, USA).

3. Results

3.1.

Eighty-seven tissue specimens from sixty patients with endometrioid endometrial
adenocarcinoma enrolled in GOG-210 were provided for this study, as well as matched
normal mullerian tissues samples from twenty-seven subjects. The summary of patient and
tumor pathologic characteristics for these 60 patients is shown in Table 1. Positive EZH2
protein expression by WB in the primary tumor was observed in 39 patients (65%, 90% CI
54%-75%). EZH2 protein expression in primary tumor tissue was associated with lympho-
vascular space invasion (p = .044), but other clinical and pathologic factors including age,
stage, grade, nodal involvement or disease status were not associated with EZH2 protein
expression (see Table 2). The median EZH2 mRNA expression in primary tumor tissue was
8.29 with a mean of 10.26 (range: 0.79-52.6; SD 8.77). Older patients were found to have
reduced EZH2 mRNA expression levels within the evaluated patient cohort (p=.037; r =
-0.27).

EZH2 expression is higher in endometrial cancer than normal tissue

Primary tumor tissue and matched normal tissue samples were available for 27 patients and
of these 24 patients had stage | disease, 2 had stage Il, and 1 patient had stage 11l disease.
EZH2 mRNA expression difference was defined as EZH2 mRNA expression in primary
tumor minus EZH2 mRNA expression in matched normal tissue. In these patient samples,
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the average of EZH2 mRNA expression difference was 8.11, and the median was 6.44 (p
<.0001). EZH2 mRNA expression was significantly higher in primary tumor tissue than
matched normal tissue. The EZH2 mRNA expression difference among patients with both
tumor and normal tissue data is displayed in Fig. 1. There were no statistically significant
associations between EZH2 mRNA expression difference and the clinical or pathologic
prognostic factors included age, BMI, stage, tumor grade, tumor penetration, LVSI, nodal
status, or disease status (results not shown).

Negative EZH2 protein expression was observed in all of the matched normal tissues;
however, 70% (o =.0001; 90% CI 53%-84%) of the matched primary tumor tissue had
positive EZH2 protein expression. There were no statistically significant associations found
between EZH2 protein expression differences and clinical or pathologic prognostic factors
included age, BMI, stage, tumor grade, tumor penetration, LVSI, nodal status, or disease
status, respectively (results not shown).

3.2. EZH2 & recurrence

EZH2 protein expression was observed in 39 of the 60 (65%) tumor specimens. There were
11 patients (18.3%) in the cohort who experienced disease recurrence. All those who
experienced initial recurrence at a distant site expressed EZH2 on WB and of those with
locoregional recurrence; only one did not express EZH2, although these differences were not
statistically significant (see Table 2).

3.3. EZH2 & survival

The survival distributions for PFS and OS by EZH2 expression in primary tumors were
characterized by Kaplan-Meier curves [Fig. 2A-D]. While the curves appear to separate
suggesting that patients with high EZH2 expression tended to have a worse progression-free
survival and overall survival when compared to patients with lower EZH2 expression, the
differences are not statistically significant. In patients with matched normal tissue
specimens, due to the small sample size and small number of events, Monte-Carlo
permutation-based log-rank tests were used to study the associations between the EZH2
expression difference (MRNAand protein, respectively) for progression-free survival (see
Table 3). There was no statistically significant association between EZH2 expression
difference and PFS. However, in patients with high EZH2 mRNA expression (primary tumor
vs. matched normal tissue) there was a trend toward decreased PFS and lack of EZH2
expression on WB might be protective (Fig. 3A-B). The associations of PFS with age, BMI,
stage, grade, depth of invasion, lympho-vascular invasion, cytology, nodal status and EZH2
expressions in primary tumor were explored by univariate Cox PH models as shown in Table
4. No statistically significant associations were found.

4. Discussion

4.1. The molecular mechanism by which EZH2 acts in endometrial cancer remains

unclear

However, it is known that the histone methyl transferase activity of EZH2 leads to epigenetic
modification of tumor suppressor gene expression and given it is highly expressed in
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multiple tumor types— EZHZ2 is an attractive target for drug development in endometrial
cancer [24,25]. This line of inquiry is further supported by the primary results of the current
study, which confirm that there is differential expression of EZH2 in uterine cancers
compared to normal tissues and EZH2 upregulation in many tumors. Regarding the
secondary objectives to examine clinical characteristics and prognosis, it is important to note
that the nature of this study was exploratory using available samples. Unfortunately, due to
the small sample size, these results must be interpreted with caution and no conclusions can
be inferred regarding the relationship between EZH2 and known prognosticators of
outcome. Overall, there were too few events, and consequently a lack of power to detect
differences in survival in the accessible sub-population of GOG 210 analyzed. In other larger
studies, EZH2 expression has been shown to correlate with clinical characteristics in
endometrial carcinomas that included endometrioid as well as serous and clear cell histology
[26]. The lack of meaningful clinical correlations in the present work may be related to the
limited sample size and potential selection bias, or may represent a true lack of association
between EZH2 expression and prognosis in endometrial cancer.

The clinical relevance of the EZH2 mediated signaling is illustrated in the fact that several
EZH2 specific inhibitors have been developed and have demonstrated anti-tumor effects in
various malignancies as single agents [27,28]. NRG GY014 is currently investigating the
utility of the EZH2 inhibitor, tazemetostat, in recurrent endometrioid endometrial cancer and
recurrent endometrioid/clear cell carcinoma of the ovary.

Furthermore, new data regarding the therapeutic potential of combined epigenetic and
immunotherapeutic agents suggests there will be further need for molecular epigenetic
targets such as EZH2 in the future. Several studies have demonstrated that epigenetics plays
an important role in tumor immunogenicity and immune evasion [29]. In animal models,
combined treatment with EZH2 inhibitors improved the efficacy of programmed death-
ligand 1 (PD-L1) checkpoint blockade [30]. Odunsi et al. published the first phase 1 clinical
trial of combined epigenetic targeting agents and immunotherapy as an addition to second-
line chemotherapy in ovarian cancer patients [31]. It demonstrated that the combination is
safe and associated with favorable immunologic responses and a high rate of stable disease
or partial responses in a challenging patient population. This represents a new and exciting
avenue of exploration for other gynecologic malignancies with un-met clinical needs.

Ultimately, as our understanding of the contribution of epigenetic modifiers in cancer
therapeutics evolves, novel single agent, or combinatorial approaches may be identified that
are effective in treating aggressive malignancies.
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HIGHLIGHTS
. EZH2 expression is higher in endometrial tumors than normal tissues.
. The majority of patients who experienced disease recurrence had tumors with
high EZH2 expression.
. EZH2 expression was not associated with statistically significant differences

in progression free or overall survival.
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Fig. 1.
EZH2 mRNA expression difference and protein expression between tumor tissue and

matched normal tissue by patient ID.
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AKaplan-Meier curve forprogression-free survival (PFS) by EZH2 mRNAexpression level
in tumor tissue (Hazard Ratio (HR) = 0.59,95% CI = 0.178-1.769; log-rank test p-value
=.3611) (EZH2 mRNA: Low [€median] vs High [>median]) B. Kaplan-Meier curve for
PFS by EZH2 protein expression in tumor tissue (HR = 0.307,95% CI 0.047-1.143; log-
ranktest p-value 0.117) (EZH2 protein: negative vs positive) C. Kaplan-Meier curve for
overall survival (OS) by EZH2 mRNAexpression level in tumor tissue (HR = 1.292,95% CI
0.285-6.556; log-ranktest p-value 0.737) D. Kaplan-Meier curve for OS by EZH2 protein
expression in tumor tissue (HR = 0.289,95% CI 0.015-1.692; log-rank test p-value 0.221 ).
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Fig. 3.

A Kaplan-Meier curve for PFS by EZH2 mRNA expression difference between tumor tissue
and matched normal tissue B. Kaplan-Meier curve for PFS by EZH2 protein expression
(WB) difference between tumor tissue and matched normal tissue.
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Table 1

Patient and Tumor Characteristics for All Participants.

Characteristic Total
N %

Age (years)

<54 12 20.0

55-69 39 65.0

270 9 15.0
BMI (kg/m?)

<25 10 16.7

25-34 28 46.7

235 22 36.7
Stage

1 32 533

v 28 46.7
Tumor grade

1/2 49 81.7

3 11 18.3
Tumor penetration

Inner half 29 483

Outer half 24 400

Serosa 3 5.0

Unknown 4 6.7
Cytology

Negative 46 76.7

Positive 9 15.0

Suspicious 3 5.0

Unknown 2 33
LVSI

Absent 38 633

Present 20 33.3

Unknown 2 33
Nodal status

Negative 40 66.7

Positive 16 267

Unknown 4 6.7
Site of first recurrence

Distant 5 8.3

Loco-regional 6 10.0

NED 49 81.7
Matched tissue

No 33 55.0
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Characteristic Total
N %
Yes 27 450
Total 60 100.0

BMI = body mass index; LVSI = lympho-vascular space invasion; NED = no evidence of disease.
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Table 2

EZH2 protein expression (WB) in primary tumor by known prognostic factors and recurrence.

Characteristic Positive WB  Negative WB  Total P_value®
N % N % N %

Age (years)* 0.1658
<54 5 128% 7 33.3% 12 20.0%

55-69 28 71.8% 11 52.4% 39 65.0%
270 6 154% 3 143% 9 15.0%

BMI (kg/m?)* 0.7491
<25 7 179% 3 143% 10 16.7%

25-34 18  46.2% 10 47.6% 28 46.7%
235 14  359% 8 381% 22 36.7%

Stage 1.0000
1 21 538% 11 52.4% 32 53.3%

Hnv 18  46.2% 10 47.6% 28 46.7%

Tumor grade 0.0779
1/2 29 T744% 20 95.2% 49 81.7%

3 10 256% 1 48% 11 18.3%

Tumor penetration 0.7187

Inner half 18  46.2% 11 52.4% 29 48.3%
Outer half 18  46.2% 6 286% 24 40.0%
Serosa 2 51% 1 48% 3 5.0%

Unknown 1 26% 3 143% 4 6.7%

Cytology 0.7090
Negative 30 76.9% 16 76.2% 46 76.7%

Positive 5 128% 4 19.0% 9 15.0%
Suspicious 3 77% 0 0.0% 3 5.0%
Unknown 1 26% 1 48% 2 3.3%

Vascular invasion 0.0439
Absent 22 56.4% 16 76.2% 38  63.3%

Present 17 436% 3 143% 20 33.3%
Unknown 0 0.0% 2 9.5% 2 3.3%

Nodal status 0.7613
Negative 27 69.2% 13 61.9% 40 66.7%

Positive 10 256% 6 28.6% 16 26.7%
Unknown 2 51% 2 95% 4 6.7%

Site of first recurrence 0.1462
Distant 5 128% O 00% 5 8.3%
Loco-regional 5 128% 1 48% 6 10.0%

NED 29 T744% 20 95.2% 49 81.7%

EZH2 mRNA* 0.0944

<3.6 3 77% 6 28.6% 9 15%
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Characteristic Positive WB  Negative WB  Total P_value®
N % N % N %
3.6-9 17 436% 7 33.3% 24 40%
>9 19 487% 8 38.1% 27 45%
Total 39 65.0% 21 35.0% 60 100.0%

Page 18

a . . . . . . . .
Monte-Carlo simulation-based tests excluding observations with values as unknown/suspicious: Spearman rank correlation coefficient tests for
age, BMI and EZH2 mRNA, Pearson’s chi-square tests for tumor penetration and recurrence status, Fisher exact test for the rest of the prognostic

factors.

Gynecol Oncol. Author manuscript; available in PMC 2020 March 29.



Page 19

Krill et al.

Author Manuscript

's159) Yuel-60| paseq-uolreinwiad o:mo-mEoS_m

95820  290°Z 016100 250 aAnebau - aaisod sa aAneBau - anneBau :aousiapip (gM) uterold ZHZ3

€0TT'0  ¥v¥'T 01 v00 11€0 (uetpawi<) YBiy s (UBIPALIS)MO :3OUBIYIP LOISSAIAXaYNYW ZHZT
anjeA-d

e 1D %G6  OleJ paezeH o1s1Iv8loRIRYD

"90UaJaLLIp uolssaidxa ZHZ3 pue SH4d
€ 9|gelL

Author Manuscript Author Manuscript Author Manuscript

Gynecol Oncol. Author manuscript; available in PMC 2020 March 29.



Page 20

Krill et al.

Author Manuscript

'$159) YueJ-Ho| paseq-uoneinwiad o14ed-a1uo|A Woiy Bunnsal suolssaidxs ZHZ3 104 sanjen-d’ 1da0xe [9poW Hd X0D S1eLIBAIUN WO 1S3} 21003,

6800 L0Z'T0162T°0 0 Juasald SA JUSSQe (UOISBAUI JBINISEA
8TTS0  8€S'C 01 TOZ'0 99'0 ansod sA aAeBaU 1snye)s [epoN
95G8'0  29S'L 0} /620 €ST'T snototdsns/aninsod sa aanefau :ABojolkD
99090 €9¢'¢01¢ve 0 2520 ©S0J9S/}jey 191N0 SA jJey Jauul ”co_umbwcmg lowng
85750 S00°€0} 902°0 v.9°0 € SA 2/T :apesb Jown)
¥€S6'0  800°€ 01 TZE'0 8960 AL SA 1171 280815

LTT0  EFT'TOIVO0 L0g0 aniisod sA aAneBeu :(ga) uterold gHZ3
TI9E'0  69LT 03 8LT0 650  (Uelpaws)mol sA (Uelpaw<)ybly :YNYW zHZ3
€899°0 ¥.€Z 01520 88.°0 (uerpaws)mol sa (uelpawi<)ybiy :1wq
€82T°0 ¢¥6'80168L°0 dA A (uerpaws)mo sa (uelpaw<)ybiy :aby

mm:_m>.n_ 1D %56  oled piezeH ons1IBloRIRYD

‘'S4d Yyum anssiy Jowny Arewtid ul uoissaidxa gHz3 Buipnjoul s101oe) onsouboid Yyoes JO SUOIRIN0SSY

¥ alqeL

Author Manuscript

Author Manuscript

Author Manuscript

Gynecol Oncol. Author manuscript; available in PMC 2020 March 29.



	Abstract
	Introduction
	Materials & methods
	Research design and tissue specimens
	Control cell lines and cell culture
	Protein isolation and Western blot analysis
	Real-time reverse transcription-polymerase chain reaction (RT-PCR)
	Statistical analysis

	Results
	EZH2 expression is higher in endometrial cancer than normal tissue
	EZH2 & recurrence
	EZH2 & survival

	Discussion
	The molecular mechanism by which EZH2 acts in endometrial cáncer remains unclear

	References
	Fig. 1.
	Fig. 2.
	Fig. 3.
	Table 1
	Table 2
	Table 3
	Table 4

