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Detecting the location and significance of Ezrin protein 
expression in hepatocellular carcinoma
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Abstract: To explore the characteristics of localization and prognostic implication of Ezrin expression in HCC, 92 
cases of HCC meeting strict follow-up criteria were selected for immunohistochemical staining of Ezrin protein. 
Correlations between Ezrin expression and clinicopathological features of HCC were evaluated using Chi-square 
tests, survival rates were calculated using the Kaplan-Meier method, and the relationship between prognostic fac-
tors and patient overallsurvival was analyzed using Cox proportional hazard analysis. In results, Ezrin protein was 
mainly expressed in the inner side of the cell membrane of the adjacent non tumor tissues, and diffusely expressed 
in cytoplasm of HCC tissues. There was an obviously difference between the benign and malignant tissues about the 
location of Ezrin expression. Ezrin strong-expression rates were significantly higher in HCC samples compared with 
the adjacent non tumor tissues (P<0.05). The Ezrin strong-expression rate was closely related with the differentia-
tion (P<0.01), AJCC stage and metastasis of HCC (P<0.05, respectively). Therefore, the sub-cellular localization of 
Ezrin protein in the liver cells will be changed in the process of the transformation from the benign to malignant, and 
Ezrin plays an important role in the progression of HCC.
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Introduction

Hepatocellular carcinoma (HCC) is the fifth mo- 
st common cause of cancer and the third lead-
ing cause of cancer-related death worldwide. 
More than 75% of these cases occur in the 
Asia-Pacific region and China alone accounts 
for 55% cases of HCC worldwide [1, 2]. It is 
mostly important to identify risk factors for 
understanding the molecular and cellular pro-
cesses involved, and searching for possible 
new therapeutic molecular targets.

Ezrin is a member of the Ezrin-Radixin-Moesin 
(ERM) cytoskeleton-associated protein family 
and involved in a wide variety of cellular pro-
cesses. It is a component of the cell-surface 
structures involved in cell adhesion to the 
extracellular matrix, and has also been impli-
cated in membrane-cytoskeleton interactions 
[3, 4]. Ezrin has been suggested contributing  
to the tumor invasion and metastasis in vitro 

and in vivo [5-11]. It is likely to be correlated 
with tumor invasiveness, metastasis, and clini-
cal prognosis in numerous human cancers, 
including HCC [8, 12-14]. Moreover, the subcel-
lular location of Ezrin protein may be essential 
for this gene function [15-17], and the molecu-
lar characteristic is considered as a potential 
importance during tumor progression [18]. 
However, the clinical significance of this charac-
teristic still remains to be clarified in human 
cancer. This study is conducted to investigate 
prognostic implication in HCC patients, and 
determine the potential role of the subcellular 
location of Ezrin during HCC progression. 

Materials and methods

Clinical samples 

92 cases of routinely processed and paraffin-
embedded HCC meeting strict follow-up criteria 
were selected at random from patients under-
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Figure 1. The expression models of Ezrin in HCC tissues (in the inner side of the membrane A, and in cytoplasm B), 
and the adjacent benign liver tissues (in the inner side of the membrane C, and in cytoplasm D). (Immunoperoxidase 
stain, ×200). 

going surgery between 2011 and 2013 at the 
Department of Pathology and Tumor Tissue 
Bank, Eastern Liaoning University. The male to 
female ratio was 80:12. Patients’ ages ranged 
between 23 and 90 years, with a mean age of 
55.3 years. These cases were diagnosed as pri-
mary HCC by postoperative pathology, which 
showed 17 cases of well differentiation, 65 of 
moderate differentiation, 10 of low differentia-
tion; 25 of tumor size ≤3 cm, 67 of tumor size 
>3 cm; 11 cases of being accompanied by vas-
cular, lymph nodes, intrahepatic, and extrahe-
patic metastasis (1 or multiple); 66 cases of 
stage I, II according to the latest standard of 
AJCC, 26 of stage III, IV; 92 cases of the adja-
cent benign liver tissues including 51 cases 
with cirrhosis were also enrolled. Follow-up was 
started from surgery, and ended on the 15th 
May, 2016. 

Immunohistochemical staining and criterion 

Immunohistochemical analysis was performed 
using a DAKO LSAB kit (DAKO A/S, Glostrup, 

Denmark). Briefly, to eliminate endogenous  
peroxidase activity, 4 μm thick tissue sections 
were deparaffinized, rehydrated and incubated 
with 3% H2O2 in methanol for 15 minites at 
room temperature. The antigen was retrieved 
at 95°C for 20 minites by placing the slides  
in 0.01 M sodium citrate buffer (pH 6.0). The 
slides were then incubated with Ezrin antibody 
(1:150, BD, Inc., USA) at 4°C overnight. After 
incubation with biotinylated secondary anti-
body at room temperature for 30 minutes, the 
slides were incubated with streptavidin-peroxi-
dase complex at room temperature for 30 min. 
Immunostaining was developed using 3,3’- 
diaminobenzidine, and Mayer’s hematoxylin 
was used for counterstaining. Tonsil sections 
were used as positive controls, and mouse IgG 
as isotope controls. For negative controls, posi-
tive tissue sections were processed in the 
same manner but primary antibody (anti-mouse 
Ezrin) was omitted.

Immunoreactivity was evaluated independent- 
ly by two researchers who were blinded to 
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patient outcome. The evaluation was based on 
the staining intensity and extent of staining 
[19]: Staining intensity for Ezrin was scored  
as 0 (negative), 1 (weak), 2 (moderate), and 3 
(strong). Staining extent was scored as 0  
(0%), 1 (<10%), 2 (10-50%), 3 (51-80%), and 4 
(>80%), depending on the percentage of posi-
tive-stained cells. Final score was derived by 
multiplying the two: 0-5 as a weak-expression, 
6 points or more as a strong-expression. Addit- 
ionally, the Ezrin showed expressed in the inner 
side of membrane or in cytoplasm. 

Statistical analysis

Statistical analyses were performed using 
SPSS 19.0. χ2 tests and Fisher’s exact tests 

were applied in data analysis. The overall sur-
vival rates after tumor removal were calculated 
using the Kaplan-Meier method, and differenc-
es in survival curves were analyzed using log 
rank tests. Multivariate survival analysis was 
performed on all significant characteristics 
measured by univariate survival analysis with 
the Cox proportional hazard regression model. 
A P-value of <0.05 was considered statistically 
significant.

Results

The sub-cellular localization of Ezrin protein in 
different liver tissues

In 92 HCC cases, 8 cases were absolutely not 
expressed (0 score), 54 cases were expressed 
in cytoplasm, and 30 cases were expressed in 
the inner side of the cell membrane. In 51 
cases of liver cirrhosis tissues, 29 cases were 
expressed in the inner side of the membrane 
and 22 cases were expressed in cytoplasm. In 
41 cases of normal liver tissues, 6 cases were 
absolutely not expressed (0 score), 27 cases 
were expressed in the inner side of the cell 
membrane, and 8 cases were expressed in 
cytoplasm. There was statistical significance 
between the cellular localization of Ezrin pro-
tein in HCC and benign tissue (P<0.001, Figures 
1, 2).

Ezrin protein expression rate in different tis-
sues

Ezrin strong-expression rate was 75.0% (69/92) 
in HCC tissues, which was significantly higher 
than in the adjacent tissues (60.9%, 56/92) 
(P=0.041) (Figure 3). The Ezrin strong-expres-
sion rate was closely related with the differen-
tiation (P=0.005), metastasis (P<0.042), and 
AJCC stage (P=0.017), but not associated with 
other factors (P>0.05) (Table 1).

Survival analysis

To further confirm the role of Ezrin strong-
expression in HCC progression, we analyzed 
overall survival rates of 92 HCC cases using  
the Kaplan-Meier method. We found that HCC 
patients with Ezrin strong-expression had a 
lower overall survival rate (log-rank =14.034, 
P<0.001) than those patients with Ezrin weak-
expression (Figure 4). 

Moreover, we also analyzed the survival signifi-
cance of Ezrin expression in cytoplasm and in 

Figure 2. The cellular localization of Ezrin protein Ez-
rin in different liver tissues [HCC vs. liver cirrhosis, 
x2=6.317, P=0.012; Liver cirrhosis vs. normal liver 
tissues, x2=0.835, P=0.363; HCC vs. benign liver 
tissues (normal tissue + liver cirrhosis), x2=15.385, 
P<0.001]. 

Figure 3. Ezrin protein expression in HCC tissues and 
adjacent normal tissues (x2=4.216, P=0.041).
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the inner side of the membrane respectively. 
The results showed that the HCC patients with 
strong-expression had lower overall survival 
rate than the patients with weak-expression in 
cytoplasm (log-rank =11.509, P=0.001). How- 
ever, overall survival rates were not correlated 
to Ezrin expression status in the inner side  
of the membrane (log-rank =2.114, P=0.146) 
(Figure 5).

Univariate analysis showed that AJCC stage, 
metastasis, and Ezrin expression were associ-
ated with the overall survival rate. Therefore, 
multivariate survival analysis was performed 
using the Cox proportional hazards model for 
all the significant variables found with univari-
ate survival analysis. The results suggested 
that Ezrin strong-expression also emerged as  
a significant independent prognostic factor in 
prognosis of HCC (RR: 2.400, 95% CI: 1.429-

4.029, P<0.001), as well as AJCC stage, and 
metastasis. (Table 2).

Discussion

Ezrin was first identified as an important meta-
static regulator in rhabdomyosarcoma and os- 
teosarcoma. Zeng [20] found that Ezrin had 
localization alteration in esophago squamous-
cell carcinoma, which suggested that Ezrin sub-
cellular localization played an important role in 
cell adhesion. Ezrin’s FERM structural domain 
could combine with cell C-termination adhesion 
molecule CD44, which integrate the hyaluronic-
acid in the matrix, then hyaluronic-acid-CD44-
ERM-actin cytoskeleton compound formed, 
which promote cell matrix adhesion [21]. But 
activation Ezrin could destroy the E-cadherin 
mediated cell-cell junction, decrease cells ad- 
hesion [22]. Arslan et al. [23] found that Ezrin 
was concentrated at the apical (luminal) mem-
brane surface with a weak cytoplasmic distribu-
tion in normal breast epithelial cells. In early 
stage IA breast tumors, Ezrin intracellular distri-
bution localized with a strong perinuclear pat-
tern and weak cytoplasmic and membrane 
staining. In stage IIB tumors, Ezrin acquired a 
greater level of diffuse cytoplasmic staining 
and retained a weaker perinuclear and mem-
brane distribution. In late stage IIIB large tu- 
mors, Ezrin was almost exclusively confined to 
a diffuse cytoplasmic distribution with little evi-
dence for membrane association or perinuclear 
localization in virtually all of the breast tumors. 

Table 1. Correlation between Ezrin expression 
and clinicopathological factors in 92 patients 
with HCC

Parameters No.
Ezrin

P-valueWeak- 
expression

Strong- 
expression

Gender 0.477
    Male 80 21 59
    Female 12 2 10
Age (years) 0.188
    ≥55 45 14 31
    <55 47 9 38
Tumor size 0.686
    ≤3 cm 25 7 18
    >3 cm 67 16 51
Differentiation 0.005**

    High 17 10 7
    Moderate 65 11 54
    Low 10 2 8
Metastasis 0.042*

    Yes 11 0 11
    No 81 23 58
AJCC stage 0.017*

    I-II 66 21 45
    III-IV 26 2 24
Cirrhosis 0.278
    Yes 51 15 36
    No 41 8 33
Statistical analyses were performed using Pearson Chi-
Square test. *P<0.05, **P<0.01.

Figure 4. Kaplan-Meier analysis of overall survival 
rates in 92 HCC patients in relation to Ezrin protein 
expression (log-rank =14.034, P<0.001). (-, weak-
expression; +, strong-expression).
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However, Ezrin localization was found to change 
distinctly with tumor stage. However, the distri-
bution characteristics of Ezrin in HCC have not 
yet been reported. This is the first study to our 
knowledge to report the significance of abnor-
mal localization of Ezrin protein in HCC. Here 
we observed that Ezrin showed cytoplasmic 
expression in 54 cases of HCC (54/92), 22 
cases of cirrhosis tissues (22/51), and 8 cases 
of normal liver tissues (8/41). However, the 
membranous staining pattern of Ezrin protein 
was found in 30 HCCs (30/92), 29 cirrhosis  
tissues (29/51) and 27 normal liver tissues 
(27/41). These results indicated that the loca-

has also been linked to poor survival in several 
cancers, including carcinomas of the breast 
[24], endometrium [25] and in melanomas [26] 
and soft tissue sarcomas [27]. A recent study 
also demonstrated that high Ezrin expression 
could promote processes involved in tumori-
genesis including cell proliferation, colony for-
mation and migration, which may preliminarily 
explain the reason why Ezrin predicts poor 
prognosis in pancreatic cancer [28], ovarian 
cancers [29] and osteosarcomas [30]. In pres-
ent study, Ezrin strong-expressed in 75.0%  
of HCC tissues, which obviously higher than 
that seen in adjacent benign tissues (60.9%). 

Table 2. Univariate and multivariate analysis of clinicopathological fac-
tors for the overall survival of 92 patients with HCC

Parameters B SE Wald RR
95% CI

P
Lower Upper

Univariate analysis
    Gender 0.011 0.021 0.303 1.012 0.971 1.054 0.582
    Age 0.010 0.013 0.512 0.990 0.965 1.017 0.474
    Tumer size -0.004 0.015 0.055 0.996 0.967 1.027 0.814
    Differentiation -0.006 0.022 0.066 0.994 0.952 1.038 0.797
    Metastasis -0.487 0.180 7.313 0.614 0.432 0.875 0.007**

    AJCC stage -0.060 0.020 8.743 0.942 0.905 0.980 0.003**

    Ezrin 0.871 0.259 11.325 2.389 1.439 3.968 0.001**

Multivariate analysis
    Metastasis 2.411 0.444 29.457 11.148 4.667 26.628 0.000**

    AJCC stage 0.999 0.260 14.743 2.714 1.630 4.519 0.000**

    Ezrin 0.875 0.264 10.966 2.400 1.429 4.029 0.001**

**P<0.01.

Figure 5. Kaplan-Meier analysis of overall survival rates in 54 HCC patients with Ezrin expressing in the cytoplasm 
and 30 HCC patients wiht Ezrin expressing in the inner side of the membrane (in the cytoplasm A, log-rank =11.509, 
P=0.001; in the inner side of the membrane B, log-rank =2.114, P=0.146). (-, weak-expression; +, strong-expres-
sion).

tion change of Ezrin in 
HCC lead to reduce the 
connections between tu- 
mor cells and hyaluronic 
acid, which induced the 
tumor to get more ability of 
infection.

Accumulating evidences 
showed that Ezrin protein 
expression was markedly 
increased in a variety of 
human cancers compared 
with their non-malignant 
tissue counterparts. Ezrin 
expression also has been 
found to be positively re- 
lated to the degree of 
malignancy in many tu- 
mors, and its expression 
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Additionally, to test the levels of Ezrin might 
function as a prognostic factor and could be 
associated with tumor progression in HCC, we 
examined Ezrin expression and the clinicopath-
ological features of HCC and found that Ezrin 
expression was significantly correlated to dif-
ferentiation, AJCC stage and metastasis. With 
regard to survival, moreover, we found that  
HCC patients with Ezrin strong-expression had 
a lower overall survival rate than patients  
with Ezrin weak-expression. Meanwhile, HCC 
patients with cytoplasmic strong-expression  
of Ezrin had lower overall survival rate than 
those with cytoplasmic weak-expression of 
Ezrin, indicating that cytoplasmic Ezrin expres-
sion potentially played an important role in the 
progression of HCC. Finally, multivariate sur-
vival analysis demonstrated that Ezrin expres-
sion emerged as a significantly independent 
hazard factor for overall survival in HCC, along 
with AJCC stage and metastases. 

In conclusion, Ezrin is a potential effective pre-
dictor of poor prognosis of HCC patients, espe-
cially for those with cytoplasmic expression. 
Determination of Ezrin expression levels and 
location may help to identify high-risk HCC 
patients and thus aid the selection of appropri-
ate therapies.
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