
Abstract. EZH2 and BMI1 are transcriptional repressors and
have been implicated in the progression of human cancers.
Squamous cell carcinoma of the esophagus (ESCC) is one of
the most aggressive carcinomas in the gastrointestinal tract
and generally has an unfavorable outcome. In the present
study, we immunohistochemically investigated the expression
of EZH2 and BMI1 in 136 surgically resected ESCCs and
adjacent epithelium. We also analyzed associations between
aberrant expression of EZH2 and BMI1, and both clinico-
pathological findings and outcome. MYC, RB, and P53
expression was examined in selected cases and analyzed in
relation to EZH2 expression. Mutations in the P53 gene were
evaluated by direct sequencing. EZH2 mRNA expression
was investigated in ESCC cell lines with and without P53
transcriptional activity. The results showed that EZH2 protein
and BMI1 protein were upregulated in ESCC tissue in
comparison with adjacent non-neoplastic epithelium. Aberrant
EZH2 and BMI1 protein expression was observed in 19
(14.0%) and 23 (16.9%), respectively, of the 136 ESCCs.
Aberrant EZH2 expression was significantly associated with
larger size, greater depth of invasion, presence of distant
metastasis, and shorter disease-free survival time. Aberrant
BMI1 expression was inversely associated with lymph node
metastasis and venous invasion, but not associated with
survival of the patients. In addition, aberrant EZH2
expression was associated with P53 alteration in ESCC
tissue. EZH2 mRNA expression in ESCC cell lines was
reduced by activation of P53. In conclusion, P53 alteration
may be involved in dysregulated EZH2 expression, and
aberrant expression of EZH2 may play a role in ESCC
progression.

Introduction

EZH2 and BMI1 are members of the polycomb group of
proteins, which function as transcriptional repressors through
chromatin modification. EZH2 composes polycomb repressive
complex (PRC) 2 with other members, while BMI1 is a
component of PRC1 (1). Previous studies have shown that
EZH2 is highly expressed in prostate cancer (2) and breast
cancer (3) and that its expression is associated with a poor
outcome of both (4,5). Increased expression of EZH2 and a
relation to poor outcome have been also reported in regard
to other cancers, including colorectal cancer (6), stomach
cancer (7), and oral squamous cell carcinoma (8).

EZH2 is implicated in cell proliferation and cell cycle
regulation. Inhibition of EZH2 expression by small interfering
RNA (siRNA) results in inhibition of cell proliferation, cell
cycle arrest, and reduced cancer cell invasiveness (2,9-12).
Overexpression of EZH2 promotes cell proliferation,
anchorage-independent growth, and cell invasion in vitro
(3,11,13). Although the precise mechanism by which EZH2
contributes to these malignant phenotypes of cancers has not
been fully elucidated, EZH2 is suspected of playing a role in
the repression of tumor suppressor genes such as the genes
encoding DAB2IP (14), E-cadherin (15), and RUNX3 (16).

Expression of EZH2 has been reported to be regulated by
the P53-RB-E2F pathway (9,10), MYC (17), microRNA-26a
(17,18), and microRNA-101 (19). In addition, a recent study
showed a correlation between P53 mutation and EZH2
expression in breast cancer tissue (20). 

BMI1 has also been reported to be overexpressed in
several human cancer types (21-26). BMI1 knockdown by
siRNA results in inhibition of cell proliferation (23-25), the
same as knockdown of EZH2. Thus, the polycomb group
proteins EZH2 and BMI1 have been implicated in the
progression of human cancers, and both proteins have been
regarded as possible targets of treatment (27-30).

Squamous cell carcinoma of the esophagus (ESCC) is one
of the most aggressive carcinomas in the gastrointestinal tract
and generally has an unfavorable outcome. Mutation of the
P53 gene is a frequent and early event in the carcinogenesis
of ESCC (31-34), and amplification of MYC and LOH and/or
absence of expression of RB have also been reported (31). 
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We conducted this study with the aim of determining the
significance of EZH2 and BMI1 protein expression in
relation to both the clinicopathological findings and outcome
in a series of ESCC cases treated with surgical resection. We
also tried to identify factors involved in dysregulation of
EZH2 expression.

Patients and methods

Patients and follow-up. A total of 136 consecutive ESCC
patients who underwent surgical resection with curative
intent between January 1992 and December 2003 at the
National Cancer Center Hospital East were enrolled in this
study. Patients with simultaneous multiple esophageal cancers,
with an uncontrolled malignant tumor in another organ, who
received any adjuvant therapy prior to surgery, who died within
30 days after surgery, and whose lesions were inadequately
immunostained were excluded. This study was approved by
the Institutional Review Board at the National Cancer Center,
and written informed consent was obtained from all patients.

There were 114 men and 22 women, and their median age
was 62 years (range 40-78). Clinicopathological findings were
assessed based on the International Union Against Cancer
(UICC) TNM staging system (35). There were 35 stage I cases,
19 stage IIA cases, 32 stage IIB cases, 44 stage III cases, and
6 stage IV cases. According to the histologic grade criteria
of the World Health Organization (31), 12 (9%) cases were
classified in well differentiated, 99 (73%) cases as moderately
differentiated, and 25 (18%) cases as poorly differentiated.

The median follow-up period of the surviving patients
was 71.5 months (range 2-164). The median overall survival
time and disease-free survival time were 57 months (range
1-164) and 52.5 (1-158) months, respectively. The 5-year
overall survival rate was 61.9%.

Immunohistochemistry. All resected specimens were fixed in
either 10% formalin or methanol, and embedded in paraffin.
Sections (3 μm thick) were cut from the paraffin-embedded
block that contained the most representative area of the
tumor and were used for immunohistochemical staining.
Blocks which contained representative area of the tumor as
well as non-neoplastic esophageal epithelium adjacent to
the tumor were chosen when available. The sections were
deparaffinized in xylene, dehydrated in a graded series of
ethanol, and immersed for 15 min in methanol containing
0.3% hydrogen peroxide to inhibit endogenous peroxidase
activity. For antigen retrieval, the slides were autoclaved
in Tris-EDTA buffer (pH 9.0) at 121˚C for 15 min (EZH2,
BMI1, MYC, and RB) or heated in citrate buffer (pH 6.0)
at 95˚C for 20 min in a microwave oven (P53), and then
allowed to cool to room temperature. Non-specific binding
was blocked by preincubation with 2% normal swine serum
in phosphate-buffered saline (PBS) for 60 min at room
temperature. After incubating the slides with the respective
primary antibodies overnight at 4˚C, they were washed three
times with PBS and incubated with EnVision (Dako) for 1 h
at room temperature. The sections were visualized by using
3,3'-diaminobenzidine tetrahydrochloride in 50 mM Tris-buffer
(pH 7.6) containing 0.3% hydrogen peroxide as the chromogen,
and counterstained with hematoxylin. The antibodies used in

this study were anti-EZH2 (mouse monoclonal, clone 11,
BD Biosciences, 1:25), anti-BMI1 (mouse monoclonal,
clone F6, Upstate, 1:25), anti-MYC (mouse monoclonal, clone
9E10, Santa Cruz Biotechnology, 1:500), anti-RB (mouse
monoclonal, clone 1F8, Thermo Scientific, 1:500), and anti-
P53 (mouse monoclonal, clone DO-7, Dako, 1:50). Negative
controls were prepared by omitting the primary antibodies.

To assess EZH2 and BMI1 protein expression, a minimum
of 500 cells in each tumor and adjacent non-neoplastic
esophageal epithelium were counted, and the percentages
of cells with positive nuclear staining were recorded. Only
nuclei in which expression was as at least as intense as in the
lymphocytes in the same section, which served as an internal
positive control, were considered positive, and ESCC tissue
in which 5% or more of the cancer cells were positive was
considered to positive for aberrant expression of the respective
protein. Expression of MYC and RB was evaluated by
examining at least 500 cancer cells, and the percentages of
cells with positive nuclear staining were recorded. Each case
was then classified into a high-expression group (≥ median)
or a low-expression group (< median). P53 staining was
considered positive when >10% of the cells showed strong
nuclear staining (36).

P53 mutation analysis. Genomic DNA was extracted from
paraffin-embedded blocks of 37 ESCC tumors by using a
QIAamp DNA FFPE Tissue Kit® (Qiagen) according to the
manufacturer's instructions. Exons 5-8 of the P53 gene were
amplified by PCR by using previously described primers (37).
Both strands of all PCR products were directly sequenced by
using the BigDye® Terminator v3.1 (Applied Biosystems)
and analyzed with an ABI PRISM® 3100 Genetic Analyzer
(Applied Biosystems). All mutations were confirmed by
independent PCR reactions and sequencing.

Cell cultures. Human esophageal squamous cell carcinoma cell
lines TE-1 and TE-10 were purchased from the RIKEN BRC
(Tsukuba, Japan). TE-1 is known to express a temperature-
sensitive mutant P53 protein (codon 272, valine to methionine),
which is capable of binding to specific DNA consensus
sequences at 32˚C but not at 37˚C (38). TE-10 cells express a
mutant P53 protein (codon 242, cysteine to tyrosine) that
displays no specific DNA-binding activity (39). Cells were
cultured at 37˚C in RPMI-1640 (Sigma-Aldrich) supplemented
with 10% FBS (Invitrogen), penicillin/streptomycin, and
L-glutamine (Invitrogen) under a 5% CO2 atmosphere.

RNA isolation and real-time RT PCR. TE-1 cells and TE-10
cells were seeded in 6-well culture plates at a density of
1x105 cells per well, and after incubation at 37˚C for 24 h,
the temperature was changed to 32˚C or maintained at 37˚C,
and the cells were harvested 24 h later. Total RNA was
isolated with TRIzol® Reagent (Invitrogen) and transcribed into
cDNA by using a PrimeScript™ RT Reagent Kit (Takara)
according to the manufacturer's directions. Real-time PCR
was performed in a Smart Cycler® System (Takara) with
SYBR®Premix Ex Taq™ (Takara). Expression of EZH2,
MDM2, and P21 was normalized to that of GAPDH, and the
relative expression level was calculated. The following PCR
primer pairs were used: EZH2 5'-CCCTGACCTCTGTCTTA
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CTTGTGGA-3' (forward) and 5'-ACGTCAGATGGTGCCA
GCAATA-3' (reverse), GAPDH 5'-GCACCGTCAAGGCTG
AGAAC-3' (forward) and 5'-ATGGTGGTGAAGACGCC
AGT-3' (reverse), MDM2 5'-TGTTGGTGCACAAAAAG
ACA-3' (forward) and 5'-CACGCCAAACAAATCTCCTA-3'
(reverse), and P21 5'-CTGGAGACTCTCAGGGTCGAA-3'
(forward) and 5'-GCGGATTAGGGCTTCCTCTT-3' (reverse).

Statistical analysis. Associations between aberrant expression
of EZH2 and BMI1 and clinicopathological features and
expression of other proteins were evaluated by using Fisher's
exact test. Differences in the levels of expression of EZH2
and BMI1 in tissue samples and cell lines were analyzed by
Student's t-test. Cumulative survival curves were drawn by
the Kaplan-Meier method, and differences between the
curves were analyzed by the log-rank test. All p-values were

two-sided, and a p<0.05 was considered significant. All
analyses were performed by using the StatView version 5.0
for Windows software program (SAS Institute Inc. Cary, NC,
USA).

Results

Expression of EZH2 and BMI1 in ESCC tissue and adjacent
non-neoplastic squamous epithelium. Immunohistochemical
staining for EZH2 protein and BMI1 protein in non-neo-
plastic squamous epithelium adjacent to cancer tissue was
available in 115 and 110, respectively, of the 136 ESCC cases.
Examination of the non-neoplastic squamous epithelium
revealed weak EZH2 immunostaining in the nuclei of parabasal
cells and no immunostaining in the basal cells or terminally
differentiated cells near the surface (Fig. 1A). Weak BMI1
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Figure 1. EZH2 and BMI1 expression in non-neoplastic adjacent esophageal squamous epithelium and ESCC. (A and B) Immunostaining of EZH2 protein
(A) and BMI1 protein (B) in non-neoplastic adjacent squamous epithelium (original magnification x200). Weak immunostaining for EZH2 and BMI1 was
observed in parabasal cells (A) and basal and parabasal cells (B), respectively. Note the intense immunostaining in the lymphocytes (arrows). (C and D)
Immunostaining of EZH2 protein (C) and BMI1 protein (D) in ESCC tissue (original magnification x200). Weak EZH2 and BMI1 staining was
predominantly observed in the periphery of the cancer cell nest. Some cancer cells show intense nuclear immunostaining (arrowheads) similar to the
immunostaining in the lymphocytes (arrows). (E and F) Percentages of cells positive for EZH2 protein (E) and BMI1 protein (F) in non-neoplastic adjacent
squamous epithelium and ESCC tissue. N, non-neoplastic adjacent squamous epithelium.
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immunostaining was observed in the nuclei of basal and
parabasal cells (Fig. 1B). However, few non-neoplastic
epithelial cells showed EZH2 or BMI1 immunostaining that
was as intense as in the nuclei of the lymphocytes. Examination
of the ESCC tissue revealed weak EZH2 and BMI1 staining
in the majority of the cancer cells. In the differentiated
type ESCCs, weak immunostaining for EZH2 protein and
BMI1 protein was predominantly present in the periphery
of the cancer cell nests and was almost absent in the center.
Immunostaining in the nuclei of some cells was as intense as
in the lymphocytes, and they were judged to be positive for
expression of the respective protein (Fig. 1C and D). The
percentages of nuclei that were positive for either EZH2 or

BMI1 were significantly higher in the ESCC tissue than in
adjacent non-neoplastic squamous epithelium (Fig. 1E and F).

Aberrant expression of EZH2 and BMI1 in ESCC tissue and
its association with clinicopathological parameters and
outcome. Aberrant expression of EZH2 protein was observed
in 19 of the 136 ESCCs (14.0%), and it was significantly
associated with larger size, greater depth of invasion, and the
presence of distant metastasis. Aberrant expression of BMI1
protein was observed in 23 of the 136 ESCCs (16.9%), and
it was inversely associated with lymph node metastasis
and venous invasion (Table I). ESCC patients with aberrant
EZH2 expression had a significantly shorter disease-free
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Table I. Association between aberrant expression of EZH2 and BMI1 and clinicopathological findings in ESCC.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

EZH2 aberrant expression BMI1 aberrant expression
–––––––––––––––––––––––––––––––– ––––––––––––––––––––––––––––––––
Positive Negative p-value Positive Negative p-value
(n=19) (n=117) (n=23) (n=113)

–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Age

≥ median 11 58 0.623 12 57 >0.999
< median 8 59 11 56

Gender
Male 14 100 0.194 19 95 >0.999
Female 5 17 4 18

Tumor sizeb

≥ median 14 59 0.041a 13 60 0.823 
< median 4 58 10 52

Histological grade
Well/moderately differentiated 16 95 >0.999 18 93 0.768
Poorly differentiated 3 22 5 20

Depth of invasion
T1 3 54 0.013a 11 46 0.644 
T2/T3/4 16 63 12 67

Lymph node metastasis
Positive 13 68 0.458 8 73 0.010a

Negative 6 49 15 40

Distant metastasis
Positive 3 3 0.036a 0 6 0.589 
Negative 16 114 23 107

Lymphatic invasion
Positive 10 56 0.806 7 59 0.069 
Negative 9 61 16 54

Venous invasion
Positive 12 69 0.805 7 24 0.002a

Negative 7 48 16 39

Stage
I/IIA/IIB 8 78 0.070 16 70 0.636 
III/IV 11 39 7 43

–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Number of cases are shown. ap<0.05. bTumor size was not available in one case.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
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survival time. There was no association between aberrant
BMI1 expression and the survival time of ESCC patients
(Fig. 2).

Association between aberrant EZH2 expression and other
biological factors. To identify biological factors associated with
aberrant expression of EZH2 protein, we evaluated expression
of MYC, RB, and P53 protein immunohistochemically in 37
ESCCs consisting of 19 that were positive for aberrant EZH2
expression and 18 that were negative. As shown in Table II,
aberrant EZH2 expression was significantly associated with
P53 protein expression, and we then confirmed the association
in all 136 cases as a whole (data not shown). Neither MYC
nor RB expression was significantly associated with aberrant
EZH2 expression (Table II). Genomic DNA adequate for
P53 mutation analysis was available from 15 of the 37 ESCCs,
and the results revealed six mutations within exons 5-8 of
the P53 gene in five cases. Five of the six mutations were
missense mutations associated with an amino acid substitution
and the other was a nonsense mutation. In three cases there
was both a missense mutation(s) in the P53 gene and positive
P53 immunostaining, and all the three cases were positive
for aberrant EZH2 expression. In 10 cases there were no P53
mutations and immunostaining for P53 was negative. Six of
them were negative for aberrant EZH2 expression, and four
were positive. In one case there was a nonsense mutation in
exon 7 of the P53 gene and positive P53 immunostaining,
and in another case there was a missense mutation in exon 8

of the P53 gene and negative P53 immunostaining, and both
cases were negative for aberrant expression of EZH2 (Fig. 3
and Table III).

Association between transcriptional activity of P53 and
EZH2 expression in ESCC cell lines. TE-1 cells express a
mutant P53 protein that is capable of binding to specific
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Figure 2. Kaplan-Meier disease-free survival curves of ESCC patients
according to whether aberrant expression of EZH2 (A) and BMI1 (B) was
present.

Figure 3. A representative case of ESCC with aberrant EZH2 expression
accompanied by P53 alteration. Immunohistochemistry revealing aberrant
expression of EZH2 (A). Immunostaining of serial sections showing positive
P53 protein expression (B). Direct sequencing analysis in this case revealed a
missense mutation in exon 6 of the P53 gene (codon 220; TAT→TGT, arrow).
The bottom chromatograph represents the wild-type sequence obtained by
analyzing a normal lymph node sample (C).
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DNA consensus sequences and that exhibits transcriptional
activity at 32˚C but not at 37˚C (38). Consistent with these
characteristics we observed significant upregulation of the
P53 target genes MDM2 and P21 when TE-1 cells were

cultured at 32˚C (data not shown) and expression of EZH2
mRNA in TE-1 cells was significantly lower when cultured
at 32˚C than at 37˚C. By contrast, when cultured at 32 and
37˚C there was no significant difference in EZH2 mRNA
expression by TE-10 cells, which express a mutant P53
protein without specific DNA-binding activity (Fig. 4).

YAMADA et al:  ABERRANT EXPRESSION OF EZH2 IN ESCC350

Table II. Association between EZH2 aberrant expression and
expression of MYC, RB, P53, and in 37 cases with ESCC.
–––––––––––––––––––––––––––––––––––––––––––––––––

EZH2 aberrant expression
–––––––––––––––––––––––––––––––––––

Positive Negative p-value
(n=19) (n=18)

–––––––––––––––––––––––––––––––––––––––––––––––––
MYC

High 9 10 0.746

Low 10 8

RB

High 9 10 0.746 

Low 10 8

P53

Positive 14 4 0.003a

Negative 5 14 
–––––––––––––––––––––––––––––––––––––––––––––––––
Number of cases are shown. ap<0.05.
–––––––––––––––––––––––––––––––––––––––––––––––––

Table III. Mutations in the P53 gene detected in the present study.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

P53 mutation
–––––––––––––––––––––––––––––––––––––––––––––––––––––

No. of Exon Codon Nucleotide Amino acid P53 protein EZH2 aberrant
cases substitution substitution expression expression
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
1 6 220 TAT→TGT Tyr→Cys Positive Positive

2 None None None None Negative Negative

3 None None None None Negative Negative

4 None None None None Negative Positive

5 None None None None Negative Negative

6 7 258 GAA→TAA Stop Positive Negative

7 None None None None Negative Negative

8 None None None None Negative Negative

9a 5 151 CCC→GCC Pro→Ala Positive Positive

9a 6 214 CAT→CGT His→Arg Positive Positive

10 None None None None Negative Negative

11 8 273 CGT→CAT Arg→His Positive Positive

12 None None None None Negative Positive

13 8 285 GAG→AAG Glu→Lys Negative Negative

14 None None None None Negative Positive

15 None None None None Negative Positive
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
aCase 9 had two different mutations in exons 5 and 6.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

Figure 4. Association between EZH2 expression and P53 transcriptional
activity in ESCC cell lines. TE-1 cells express a mutant P53 protein that
exhibits transcriptional activity at 32˚C but not at 37˚C. Expression of EZH2
mRNA in TE-1 cells was significantly lower when cultured at 32˚C than
when cultured at 37˚C. By contrast, TE-10 cells express a mutant P53
protein that has no specific DNA-binding activity, and there was no
significant difference in EZH2 mRNA expression between cells cultured at
32 and 37˚C. Relative levels of EZH2 mRNA expression normalized to the
level of GAPDH expression are shown.
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Discussion

In this study, we observed immunostaining for EZH2 protein
and BMI1 protein in both non-neoplastic and ESCC tissues.
In non-neoplastic esophageal squamous epithelium, we found
weak staining for EZH2 in the nuclei of parabasal cells, and
for BMI1 in the nuclei of both basal and parabasal cells. Few
cells showed intense immunostaining, and the percentages of
cells with nuclear immunostaining for either EZH2 or BMI1
that was as intense or more intense than in the nuclei of
lymphocytes never exceeded 5%. On the other hand, weak
EZH2 and BMI1 immunostaining was observed in the majority
of the cancer cells, and some cancer cells showed intense
immunostaining for EZH2 or BMI1 or both. In fact, the
percentages of nuclei with intense immunostaining for either
EZH2 or BMI1 were greater than 5% in some ESCCs, and
they were significantly higher in the ESCC tissue than in the
adjacent non-neoplastic squamous epithelium of the esophagus
(Fig. 1E and F). We therefore concluded that intense expression
of either EZH2 or BMI1 was characteristic of ESCC cells,
and classified tumors in which 5% or more of the cancer cells
exhibited intense immunostaining as exhibiting aberrant
expression of the respective protein. Based on this criterion,
aberrant expression of EZH2 and BMI1 was present in 14.0
and 16.9%, respectively, of the ESCCs.

The results of this study also demonstrated that aberrant
expression of EZH2 protein was associated with larger tumor
size, greater depth of invasion, presence of distant metastasis,
and more remarkably, a shorter disease-free survival time of
ESCC patients. Our data are consistent with previous reports
that showed significant relations between EZH2 expression
and metastasis, invasion, and poor outcome in other types
of human cancers (2,4-8). Recently, He et al examined
protein expression of EZH2 in pretreatment biopsy specimen
of ESCC treated with chemoradiotherapy, and found that
high EZH2 expression was correlated with poor progression-
free survival and poor disease specific survival (40). Taken
together, it is suggested that dysregulated expression of
EZH2 is significantly associated with aggressive nature of
ESCC in both surgery and chemoradiotherapy treated
patients.

On the other hand, the results also showed that aberrant
expression of BMI1 was negatively associated with lymph
node metastasis and venous invasion. However, in spite of such
favorable clinicopathological characteristics in BMI1-positive
cases, there was no significant association between aberrant
BMI1 expression and outcome. Conflicting data have been
reported in this connection: while overexpression of BMI1
has been shown to be associated with an unfavorable outcome
in some reports (22,25,26,41,42), others have shown that it
was not (20,43,44). The reason for such conflicting findings
regarding associations between aberrant expression of BMI1
and the clinicopathological findings is unknown.

An interesting finding in this study was that among the
several molecules which have been reported to be involved in
EZH2 regulation and are also known to have an important
role in ESCC development, aberrant expression of EZH2 was
significantly associated with expression of only P53 protein
in ESCC tissue. Consistent with this finding, intense EZH2
expression was rarely seen in non-neoplastic esophageal

epithelium, where P53 protein expression was negative in
most cells. We also analyzed mutations in exons 5-8 of the
P53 gene in selected cases, and all three ESCCs with both a
missense mutation(s) and protein expression of P53 were
positive for aberrant EZH2 expression. These findings were
consistent with the results of a study by Pietersen et al that
demonstrated a positive association between high EZH2
expression and either P53 mutation or P53 protein expression
in breast cancer (20). In agreement with the observation in
the ESSC tissue samples described above, EZH2 expression
in TE-1 cells was significantly reduced when cultured at
32˚C. Since TE-1 cells express a mutant P53 protein that
exhibits transcriptional activity at 32˚C, but not at 37˚C (38),
our findings suggest that impaired transcriptional activity of
P53 protein may cause upregulation of EZH2 in TE1 cells.
Taken together, our observations suggest that P53 alteration
and impaired transcriptional activity may have a role in the
dysregulation of EZH2 expression in ESCC cells. However,
since several cases that were positive for aberrant EZH2
expression showed no mutation or protein expression of P53,
additional factor(s) other than P53 alteration may be involved
in the aberrant expression of EZH2. Indeed, it is reported
that the amplification of the EZH2 gene is detected in some
ESCCs (40).

In conclusion, expression of EZH2 and BMI1 was found
to be significantly upregulated in ESCC tissue in comparison
with adjacent non-neoplastic squamous epithelium. Aberrant
EZH2 expression in ESCC was found to be significantly
associated with larger tumor size, greater depth of invasion,
and presence of distant metastasis, and ESCC patients with
aberrant EZH2 expression had a significantly shorter disease-
free survival time. In addition, aberrant EZH2 expression
was found to be significantly associated with P53 alteration.
Taken together, our findings suggest that P53 alteration may
be involved in dysregulation of EZH2 expression and that
aberrant expression of EZH2 may play a role in the progression
of ESCC.
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