
Abstract. Enhancer of zeste homologue 2 (EZH2), a member
of the polycomb group of genes, is associated with malignancy
in several human cancers. The purpose of this study was to
examine the association between EZH2 expression and clini-
copathological factors as compared to Ki-67 expression in
human soft tissue sarcomas. Expression of EZH2 and Ki-67
was immunohistochemically determined in paraffin-embedded
sections from 104 soft tissue sarcomas. High expression of
both EZH2 and Ki-67 was significantly correlated with distant
metastasis (P<0.01), histologic grade (P<0.01) and poor prog-
nosis (P<0.01), but not with clinicopathological factors such
as age, sex, and tumor location and size. Although EZH2
expression was significantly correlated with Ki-67 expression
(rs=0.65, P<0.01), multivariate analysis showed that high
expression of EZH2, but not of Ki-67, was an independent
factor of poor prognosis (relative risk = 2.79; P=0.02). These
data suggest that expression of EZH2 is a novel and reliable
prognostic marker of human soft tissue sarcomas.

Introduction

Soft tissue sarcomas are relatively rare malignant mesenchymal
tumors. They represent a heterogeneous group of malignant
tumors with a wide spectrum in terms of histologic type and
prognosis, and often display highly aggressive behavior with
a tendency towards early metastasis. However, it is sometimes
difficult to predict their malignant potential. Many clinico-
pathological factors have been studied in order to predict
malignant potential such as tumor size, depth and histologic
grade (1-3). Predicting the malignant potential of soft tissue

sarcomas is important because it confers improvements on the
therapeutic decision-making process. Prognostic or biological
markers have also been studied in soft tissue sarcomas, and a
variety of molecules have been reported as being significant
prognostic markers of the disease. These include Ki-67,
PCNA, p53, P-gp, Rb, EGFR, survivin, TERT, cyclin A,
AKT, FAS, hMSH protein, CD100, cyclin D1, VEGF, Glut-1,
ß-catenin, p-glycoprotein, HIF-1α, CD44, EGF-1R and ezrin
(4-24). However, others such as MCM2, TP, COX-2, VEGF
and HER2/neu have failed to act as prognostic markers
(25-27).

Enhancer of zeste homologue 2 (EZH2) is a member of
the polycomb group of genes and is involved in the regulation
of cell cycle progression (28,29). EZH2 expression declines
upon tissue maturation and differentiation, and is associated
with malignancy in several cancers, including prostate,
breast, bladder and gastric cancers, cutaneous melanoma and
lymphoma (30-41). Almost all of these are epithelial malig-
nant tumors or carcinomas, with the exception of lymphoma.
However, the clinicopathological importance of EZH2 expres-
sion in sarcomas has not as yet been reported.

In the present study, immunohistochemistry was used to
examine the clinicopathological significance of EZH2 expres-
sion in soft tissue sarcomas as compared to Ki-67 expression,
which has been found to be associated with the prognosis of
the disease (4-11).

Materials and methods

Tissue specimens. All specimens were obtained from a total
of 104 patients with soft tissue sarcomas of the extremities
and trunk. Surgery was used to obtain 102 specimens, while
two were instead obtained by biopsy as the patients had died
of sepsis during chemotherapy and of lung metastasis of the
sarcoma. Patients were selected from the records of the
Division of Organ Pathology, Faculty of Medicine, Tottori
University, Japan, and its affiliated teaching hospitals.
Approval for the study was obtained from the Institutional
Review Board of the Faculty of Medicine, Tottori University
(approval no. 283). Surgery and biopsy had been undertaken
between 1981 and 2007. Clinical information on age, sex,
tumor location, tumor size, distant metastases and treatment
(radiotherapy and/or chemotherapy) was obtained from the
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clinical files. Follow-up was successful in all of the patients.
As preoperative treatment, 25 of the 104 had received radio-
therapy (30-50 Gy) alone, 27 chemotherapy alone, and 13 both
radiotherapy and chemotherapy.

All specimens were fixed in 10% buffered-formalin and
embedded in paraffin wax. Serial sections, 4 μm thick, were
stained using hematoxylin and eosin, periodic acid-Schiff
reaction and immunohistochemistry. A histologic diagnosis
was established according to the World Health Organization
(WHO) classification (42). Histologic grade was assigned
according to the criteria of the FNCLCC/French system (43)
based on necrosis, number of mitotic cells and the degree of
tumor differentiation.

Immunohistochemistry. Paraffin-embedded tumor tissue
specimens were cut into 4-μm sections then dewaxed in xylene,
rehydrated through a graded series of ethanol solutions and
rinsed in distilled water for 5 min. For EZH2 immunostaining,
antigens were retrieved in EDTA solution (10 mM, pH 8.0)
using an autoclave (BS-235; Tomy, Japan) at 121˚C for
10 min. For Ki-67 immunostaining, antigens were incubated
at 37˚C for 20 min in trypsin solution (0.1% trypsin and 0.1%
CaCl2 in 0.05 M Tris-HCl buffer, pH 7.6) and were retrieved in
0.01 M citrate buffer (pH 6.0) using a microwave oven (MI-77;
Azumaya, Japan) at 95˚C for 20 min. Endogenous peroxidase
activity was blocked by 2% hydrogen peroxide in methanol
at room temperature for 30 min. After rinsing with PBS, the
sections were incubated with blocking serum (2% fetal bovine
serum) at room temperature for 20 min and incubated at 4˚C
overnight with each primary antibody. The following mouse
monoclonal antibodies were used for immunohistochemistry:
mouse monoclonal antibody against EZH2 (clone 11; BD
Biosciences, USA; diluted 1:25) and Ki-67 monoclonal
antibody (clone MIB-1; Dako, Denmark; diluted 1:50). A
reaction was subsequently initiated by the streptavidin-
biotin-peroxidase complex technique (SAB method) using a
Histofine SAB-PO(M) Immunohistochemical Staining Kit
(Nichirei, Japan). The immunoreaction was visualized with
3,3'-diaminobenzidine and 100 μl hydrogen peroxide in
0.05 M Tris-HCl buffer (pH 7.6). Finally, the sections were
counterstained with 0.1% hematoxylin.

Evaluation of immunohistochemical findings. To evaluate
EZH2 and Ki-67 expression levels, positive tumor cell nuclei
were counted in the most frequently and distinctly labeled
areas. Counts were performed in high-magnification fields
using the FLOVEL Image Filing System FlvFs (Flovel, Japan).
The percentage of positive cells was determined for each
antibody by two of the authors (K.Y. and K.S.), who were
unaware of patient clinical data or the pathological diagnosis
of the tumors. At least 1000 tumor cells for each antigen
were counted in areas that showed a higher frequency of cells
with nuclei positive for EZH2 and Ki-67. The labeling index
(LI) was determined by counting the number of positive cells
(expressed as a percentage). EZH2 and Ki-67 were categorized
as showing high expression if the LI was equal to or greater
than the median LI (EZH2=10.8% and Ki-67=5.6%). To con-
firm the specificity of the immunostaining results, sections
immunoreacted without the primary antibodies were used as
negative controls.

Statistical analysis. Statistical analysis was performed using
Excel 2003 (Microsoft, USA) with the add-on software Statcel
version 2 (OMS Publishing, USA) and StatView version 5.0
(Abacus Concept, USA). The Mann-Whitney U test was used
in cases where there were two categorical variables of interest,
and the Kruskal-Wallis test was used in cases with three or
more variables. The correlation between EZH2 and Ki-67
expression was calculated using the Spearman rank order
correlation test. Overall survival curves were calculated
according to the Kaplan-Meier method. Univariate analysis
was performed with the log-rank test, and multivariate analysis
with a Cox proportional hazards regression model in a step-
wise manner. Prognostic variables identified by backward
elimination (P=0.20) were entered into a Cox proportional
hazards regression model. Hazard ratios were reported with
95% confidence intervals (CI). For all analyses, P<0.05 was
considered to be significant.

Results

The characteristics of the 104 patients with soft tissue sarco-
mas are shown in Table I. There were 64 men and 40 women
with a mean age of 56.0 years (range 0.1-93 years). The tumor
was located at the extremities in 87 patients and on the trunk
in 17. Tumor size was >5 cm in 72 patients and <5 cm in 32.
Distant metastases were present in 37 patients but absent in 67.
Of the 104 soft tissue sarcomas, histologic grades of 1, 2 and 3
were diagnosed in 26, 49 and 29 cases, respectively. Tumors
were histologically and immunohistochemically diagnosed as
36 malignant fibrous histiocytomas (MFHs)/undifferentiated
pleomorphic sarcomas (UPSs), 6 myxofibrosarcomas, 31
liposarcomas, 14 synovial sarcomas, 9 leiomyosarcomas, 5
epithelioid sarcomas and 3 rhabdomyosarcomas.

EZH2 expression was observed in all the histologic types
of soft tissue sarcoma examined. As shown in Fig. 1, EZH2
immunoreactivity was noted in tumor-cell nuclei. Table I
shows the association of EZH2 and Ki-67 expression with
clinicopathological factors. The mean EZH2 and Ki-67 LIs
were 14.9 and 9.4%, respectively. There were significant
correlations between the EZH2 and Ki-67 LIs and distant
metastasis (P<0.01) and histologic grade (P<0.01). On the
other hand, no correlation was observed between the EZH2
and Ki-67 LIs and other clinicopathological factors, including
age, sex, tumor location and size. Among the histologic
tumor types, the EZH2 LI was highest in rhabdomyosarcoma,
followed by synovial sarcoma, epithelioid sarcoma, MFH/UPS,
myxofibrosarcoma, leiomyosarcoma and liposarcoma. It was
higher than the Ki-67 LI in all the histologic tumor types,
except for myxofibrosarcoma.

Scattergrams of the correlation between the EZH2 and
Ki-67 LIs are shown in Fig. 2. There was a positive correla-
tion between the EZH2 and Ki-67 LIs, with a Spearman's
correlation coefficient of rs=0.65 (P<0.01). Thus, there was
statistically significant evidence of the higher EZH2 and
Ki-67 LIs.

Fig. 3 shows the Kaplan-Meier survival curves for EZH2
and Ki-67 expression in the 104 soft tissue sarcomas. Overall
survival was significantly worse in patients with a higher EZH2
or Ki-67 LI than in those with a lower LI (EZH2, P<0.01;
Ki-67, P<0.01). Fig. 4 shows the Kaplan-Meier survival

YAMAGA et al:  EZH2 IN PATIENTS WITH SOFT TISSUE SARCOMAS634

633-639  29/7/08  11:37  Page 634



curves for EZH2 and Ki-67 expression in the 36 MFHs/UPSs,
31 liposarcomas and 14 synovial sarcomas. Among the histo-
logic tumor types, overall survival was significantly worse in
synovial sarcoma with a higher EZH2 LI than in those with a
lower LI (P=0.04). The same did not hold true for the Ki-67
LI. Additionally, there was no significant difference between

MFH/UPS or liposarcoma overall survival in the higher and
lower EZH2 and Ki-67 LIs. We did not determine overall
survival in patients with myxofibrosarcoma, leiomyosarcoma,
epithelioid sarcoma and rhabdomyosarcoma, as the small num-
ber of cases did not allow for the required statistical analysis
to be conducted.
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Table I. Characteristics and association of EZH2 and Ki-67 expression with clinicopathological factors in 104 soft tissue sarcomas.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Variables No. EZH2 LI (mean) P-value Ki-67 LI (mean) P-value
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
All patients 104 14.9 9.4

Age (mean 56.0 years)
≥56 years 53 14.9 NS 9.9 NS
<56 years 51 15.0 8.9

Sex
Male 64 13.9 NS 8.4 NS
Female 40 16.5 11.0

Tumor location
Extremity 87 15.2 NS 9.7 NS
Trunk 17 13.3 7.7

Tumor size
≥5 cm 72 14.6 NS 9.6 NS
<5 cm 32 15.6 8.9

Distant metastasis
Absent 67 9.3 P<0.01 5.4 P<0.01
Present 37 25.1 16.6

Histologic grade
Grade 1 26 5.0 P<0.01 1.9 P<0.01
Grade 2 49 15.2 11.0
Grade 3 29 23.2 13.5

Histologic type
MFH/UPS 36 14.2 11.5

Pleomorphic 31
Giant cell 2
Inflammatory 3

Myxofibrosarcoma 6 10.1 11.7
Liposarcoma 31 8.8 3.9

Well-differentiated 16
Myxoid 9
Pleomorphic 3
Dedifferentiated 2
Round cell 1

Synovial sarcoma 14 30.0 12.6
Monophasic 6
Biphasic 8

Leiomyosarcoma 9 9.8 9.4 
Epithelioid sarcoma 5 16.1 8.6
Rhabdomyosarcoma 3 39.4 23.5

Alveolar 2
Embryonal 1

–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
EZH2, enhancer of zeste homologue 2; LI, labeling index; NS, not significant.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
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The Cox proportional hazards regression model was con-
ducted adjusting for age (≥56 or <56 years old), sex, tumor
location (extremity or trunk), tumor size (≥5 or <5 cm), histo-
logic grade (1, 2 or 3) and EZH2 and Ki-67 expression, It was
not adjusted for distant metastasis, as this was not present at
diagnosis but rather developed during follow-up. In multi-

variate analysis, high expression of EZH2, but not of Ki-67,
and a histologic grade of 3 were identified as independent
predictors of poor prognosis in the 104 soft tissue sarcomas
(Table II).
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Figure 1. Representative immunoreactivity of EZH2 in soft tissue sarcoma.
(A) MFH/UPS; (B) myxofibrosarcoma; (C) liposarcoma; (D) synovial
sarcoma; (E) leiomyosarcoma; (F) epithelioid sarcoma; (G) rhabdomyo-
sarcoma.

Figure 2. Correlation between the EZH2 and Ki-67 labeling indexes (LIs) in
soft tissue sarcoma. There was a significant positive correlation between the
LIs (rs=0.65; P<0.01). Figure 3. Kaplan-Meier survival curves for EZH2 (A) and Ki-67 (B)

expression in soft tissue sarcoma. Patients with a higher EZH2 and Ki-67
labeling index had a significantly poorer prognosis.
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Discussion

Prognosis in patients with soft tissue sarcomas has improved
due to diagnostic and therapeutic developments. A subset of
soft tissue sarcomas, however, shows an aggressive clinical
course and results in tumor-related mortality. Therefore,
prognostic factors or markers are very important as they may
help determine the course of adjuvant therapy and the length of
follow-up. Tumor size, depth and histologic grade have been

reported as being prognostic factors in soft tissue sarcomas
(1-3). In addition to these factors, many proliferative and
prognostic markers, such as Ki-67, PCNA, p53, P-gp, Rb,
EGFR, survivin, TERT, cyclin A, AKT, FAS, hMSH protein,
CD100, cyclin D1, VEGF, Glut-1, ß-catenin, p-glycoprotein,
HIF-1α, CD44, EGF-1R and ezrin, have been studied in recent
years (4-24).

EZH2, which is associated with malignancy in several
cancers (30-41), might be a valuable marker of soft tissue
sarcoma. Previous data have shown that EZH2 is specifically
down-regulated in senescent fibroblasts, and that disruption
of its expression retards cell proliferation and induces cell
cycle arrest at the G2/M transition (44).

In the current study, immunohistochemistry was initially
used to examine expression of EZH2 and Ki-67 in 104 soft
tissue sarcomas, which was then correlated with clinico-
pathological factors. Our data reveal that expression was
significantly more frequent in tumors with metastasis and
high histologic grade. It has been demonstrated that EZH2
inhibits metastasis-suppressing genes, such as Rho GTPase-
activating protein 1 (30). Bake et al have reported that PSP94,
which functions as a suppressor of tumor growth and metas-
tasis, is down-regulated by EZH2 in human prostate cancer
(45). These results suggest that EZH2 may actually inhibit
metastasis-suppressing genes in soft tissue sarcoma, as has
been demonstrated in prostate cancer (30).
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Figure 4. Kaplan-Meier survival curves for EZH2 and Ki-67 expression in individual histologic tumor types. (A) EZH2 in MFH/UPS; (B) Ki-67 in
MFH/UPS; (C) EZH2 in liposarcoma; (D) Ki-67 in liposarcoma; (E) EZH2 in synovial sarcoma; (F) Ki-67 in synovial sarcoma.

Table II. Multivariate analysis of clinicopathological factors
for overall survival in 104 patients with soft tissue sarcomas.
–––––––––––––––––––––––––––––––––––––––––––––––––
Variables Relative risk P-value 95% CI
–––––––––––––––––––––––––––––––––––––––––––––––––
EZH2 expression

Low 1 - -
High 2.79 0.02 1.2-6.5

Histologic grade
Grade 1 1 - -
Grade 2 3.20 0.13 0.7-14.4
Grade 3 5.72 0.03 1.2-26.4

–––––––––––––––––––––––––––––––––––––––––––––––––
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We have also demonstrated that the EZH2 LI is strongly
correlated with that of Ki-67. Ki-67 antigen was first described
in 1983 as a nuclear protein associated with cell proliferation
(46). Thereafter, high expression of Ki-67 has been correlated
with poor prognosis for patients with malignant tumors, includ-
ing sarcomas (4-11). Currently, Ki-67 is commonly used as an
excellent prognostic marker in soft tissue sarcoma. The present
results suggest that EZH2 can be used in addition to Ki-67 as a
proliferative and prognostic marker in soft tissue sarcoma.

The survival rate in our 104 patients was calculated by
Kaplan-Meier analysis and revealed significant inverse corre-
lations between prognosis and a higher EZH2 or Ki-67 LI. In
fact, a higher EZH2 or Ki-67 LI was an adverse prognostic
factor in patients with soft tissue sarcoma. As for histologic
tumor type, the survival rate revealed a significant inverse
correlation between prognosis and the EZH2 LI in synovial
sarcoma only. However, the survival rate in other histologic
tumor types was not significant. In certain of these, patients
with a higher EZH2 or Ki-67 LI tended towards a worse
prognosis than did those with lower LIs. This may be explained
in part by the smaller number of patients with individual his-
tologic tumor types. These results suggest that EZH2, as well
as Ki-67, is a useful prognostic marker in soft tissue sarcoma.
However, it is difficult to compare which acts as the better
prognostic marker in individual histologic tumor types.

Multivariate analysis revealed that high expression of
EZH2 and a histologic grade of 3, but not high expression of
Ki-67, were independent prognostic factors of poor overall
survival in soft tissue sarcoma. It has previously been reported
that histologic grade is a prognostic factor (1,3,47). Our data
suggest that a high EZH2 LI may be a more useful prognostic
marker than the Ki-67 LI in soft tissue sarcoma.

In summary, the present study indicates, perhaps for the
first time, an association between EZH2 expression and
clinicopathological factors, distant metastases and histologic
grade, and suggests that a higher EZH2 LI could act as a
useful prognostic marker of soft tissue sarcoma.
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