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Overexpression of ezrin and galectin-3 as predictors
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Abstract

The aim of this study was to explore the correlation of ezrin and galectin-3 expressions with prognosis in cervical cancer. The
immunohistochemical method was applied to detect ezrin and galectin-3 expressions in normal cervix tissues (n=30), cervicitis
tissues (n=28), cervical intraepithelial neoplasia (CIN) tissues (classified as I-lll, n=89), and cervical carcinoma tissues (n=84).
Follow-up was conducted for 5 to 78 months to analyze the correlation of protein expressions with prognosis. Ezrin and galectin-3
expressions in cervical cancer were significantly higher than in normal cervix, cervicitis and CIN (all P <0.05), and expressions
in CIN were significantly higher than in normal cervix and cervicitis (both P <0.05). The expressions of ezrin and galectin-3 were
both related with histological grade, deep myometrial invasion and lymph node metastasis (all P <0.05). Spearman analysis
showed that ezrin expression was positively correlated with galectin-3 expression in cervical cancer (r=0.355, P <0.05). The
survival rate of patients with high expressions of ezrin and galectin-3 was significantly lower than those with low expressions of
proteins (both P <0.05). The expressions of ezrin and galectin-3, histological grade, depth of stromal invasion, and lymph node
metastasis are risk factors affecting the survival rate of patients with cervical cancer. The expressions of ezrin and galectin-3
were correlated with the development of cervical cancer, and overexpressions of those proteins were indicative of poor
prognosis in patients with cervical cancer.
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Introduction

Cervical cancer is one of the most common gynecologic
cancers in women worldwide, second to breast cancer,
accounting for around 13% of both total cancer cases and
total cancer deaths in women (1). Studies have shown that
there are more than 500,000 patients with cervical cancer, of
which almost 80% are in the developing countries (2,3).
A low 5-year survival rate was reported for patients with
cervical cancer, especially in Indians, who are responsible
for 26.5% of the global burden, and cervical cancer shows a
decreasing trend in the onset age worldwide (4). Cervical
cancer is difficult to diagnose due to subtle and nonspecific
initial symptoms in early stage. However, vaginal bleeding,
vaginal discharge, abdominal pain and other symptoms may
occur as the disease progresses (4). The etiology factors for
cervical cancer include: smoking, sexual factors, reproduc-
tive factors, nutritional factors (like lack of folic acid) and
genetic factors (5). At present, surgery and radiotherapy are
the two commonly used treatment methods for cervical
cancer, however, treatment for patients with advanced
cervical cancer is not satisfactory. With the development of
molecular biology, increasing research is attempting to find
new effective targets in biomolecular aspects (6,7).
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Ezrin, a membrane-cytoskeletal linking protein, medi-
ates the connection of the membrane to cytoskeleton.
Therefore, ezrin plays an important role in cell mitosis,
movement, migration and other physiological functions
(8). Studies have shown that the invasion of ezrin protein
is related to metastasis of tumor cells, such as from
osteosarcoma and lung cancer, and is considered a key
regulator of metastasis (9,10). In addition, it has been
previously indicated that the aberrant localization and
overexpression of ezrin could be an independent effective
biomarker for prognostic evaluation of early stage cervical
cancer (8). Galectin-3 belongs to the lectin family, a
galactosidase binding protein with chimera structure. Not
only it is important for interactions between cells and cell
matrix, cell growth, cell cycle regulation, apoptosis, cell
injury and repair, but it is closely related to the prolifera-
tion, tumor transformation and metastasis process (11,12).
Several studies disclosed that the over-expression of
galectin-3 is closely related to the development of many
human tumors, such as large-cell lymphoma, colorectal
cancer, breast cancer, liver cancer, brain tumors, mela-
noma and thyroid cancer (13,14). The role of galectin-3 in
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vascular endothelial growth factor C (VEGF-C)-induced
cervical cancer cell invasion has been previously inves-
tigated, and silencing of galectin-3 expression with spe-
cific siRNA largely impaired VEGF-C-enhanced invasion
in cervical carcinoma cell line (15). Currently, few studies
have focused on the expression of ezrin and galectin-3
protein in cervical cancer. This paper will demonstrate
the relationship between ezrin and galectin-3 expressions
and the development of cervical cancer and its progno-
sis by detecting their expressions in cervical, normal cer-
vix, cervicitis, and cervical intraepithelial neoplasia (CIN)
tissues.

Material and Methods

Study subjects

Between May 2007 and April 2009, cervical tissue
samples from 201 women with cervical disease admitted
in the Second People’s Hospital of Huaian were collected.
Among them there were 28 cases with cervicitis, 89 cases
with CIN (classified as I-lll) and 84 cases of cervical
cancer (36 cases of Stage I-Il, 48 cases of Stage IlI-IV);
there were 63 cases of squamous cell carcinoma, 13 cases
of adenocarcinoma, and 8 cases of adeno-squamous carci-
noma according to the histological classification (16). CIN
grade (17) was described as follows: CIN grade | is mild
dysplasia, with minor cell atypia arranged irregularly, but
polarity still maintained, and abnormal proliferation of
cells confined to the basal 1/3 of the epithelium; CIN Il is
moderate dysplasia, with remarkable cell atypia arranged
irregularly, and abnormal proliferation of cells occupying the
basal 2/3 of the epithelium; CIN Il is severe dysplasia, a
significant epithelial cell atypia of severe dysplasia with
polarity loss, also abnormal proliferation of epithelial cell
spanning more than 2/3 or the whole epithelium. Clinical
stages of cervical cancer are classified by International
Federation of Gynecology and Obstetrics (FIGO) (18) as
follows: Stage |, cervical cancer is confined to the cervix
(the diffusion part to the Palace ignored); Stage Il, the tumor
grew beyond the uterus, but not in the pelvic wall or lower
1/3 of the vagina; Stage lll, the tumor is extended to the
pelvic wall and/or lower 1/3 of the vagina and/or cause renal
pelvis or kidney dysfunction; Stage IV, the tumor invades
the bladder mucosa and/or rectal mucosa and/or beyond the
true pelvis. All patients with cervical disease were included
in the study based on the following criteria: 1) Patients over
18 years of age with good compliance with treatment and
observation; 2) Patients diagnosed by a pathology slice
reviewed by a pathologist; 3) medical records maintained
intact, with all cases for the initial onset and no history of
receiving radiotherapy, chemotherapy and biological ther-
apy; 4) Patients without previous history of malignancy.
Exclusion criteria for patients with cervical disease were:
1) Congenital, hereditary, autoimmune and cardiovascu-
lar diseases; 2) Other diseases within the uterus except
cervix uterus; 3) Patients in pregnancy or breast-feeding;
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4) Patients with serious history of smoking, alcoholism, drug
abuse or mental illness. Normal cervical tissue samples of
30 uterine fibroids cases were taken by hysterectomy. Cer-
vical cancer patients were followed-up for 5 to 78 months by
telephone interviews and routine return visits to the clinic
with the average duration of 58.4 months. At the end of
the follow-up, 19 patients died and 17 were lost to follow-up.
This study was approved by the Hospital Ethics Committee
with signed informed consent obtained from each patient.

Immunohistochemical method

The samples were dehydrated using graded ethanol
(S27074102, Sinopharm Chemical Reagent Co., Ltd.,
China), fixed with dimethylbenzene (10023418, Sino-
pharm Chemical Reagent Co., Ltd.), and embedded in
paraffin (SA633001, Sinopharm Chemical Reagent Co.,
Ltd.), followed by sectioning into slices (Polysine Adhe-
sion Slides; SLI-2002, Fuzhou Maixin Biotech. Co., Ltd.,
China). Subsequently, the sections were dewaxed with
xylene. Then the samples were dehydrated using graded
ethanol, and washed with PBS. Antigen retrieval was
conducted using a pressure cooker: paraffin sections
were put into the pressure cooker and pressurization was
increased slowly. After the pressure cooker emitted steam
for 5-6 min, the paraffin sections were removed from the
heat source and put into the cold water. Then, 1 drop of
peroxidase (Beijing Zhongshan Golden Bridge Biotech.
Co., Ltd., China) was added to each slice to block the
reaction. After, the section was incubated at room tempera-
ture for 10 min, washed with PBS, and normal non-immune
serum was added and slides were incubated for 10 min.
Subsequently, the antibodies were added (mouse anti-
human ezrin (ab4069, 1:100), galectin-3 monoclonal anti-
body (ab2785, 1:100), PBS as blank control) (All purchased
from Santa Cruz Company, USA) and incubated overnight
and washed with PBS. Then, biotin-labeled secondary
antibbody was added (69314360, Sinopharm Chemical
Reagent Co., Ltd.) and incubated for 10 min, followed by
washing with PBS. Additionally, streptavidin enzyme was
added and samples were incubated for 10 min. Again,
samples were washed with PBS, and added with DAB
solution (SP-9000-D, Beijing Zhongshan Golden Bridge
Biotech. Co., Ltd.). After washing with PBS, the samples
were hematoxylin stained (CTS-1097, Fuzhou Maixin Bio-
tech. Co.), colored in blue and dehydrated with gradient
ethanol. Xylene was used for transparency and neutral gum
(DAB-0033, Fuzhou Maixin Biotech. Co.) was used for
sealing.

Evaluation of immunohistochemical method
Galectin-3 protein is mainly distributed in the cytosol,
expressed in the nucleus and the cell surface, and positive
results are assessed by the appearance of brown particles
in the cytoplasm and/or nucleus. Ezrin protein mainly
exists in the cytoplasm, some in the cell membrane, and
positive results are assessed by visible brown particles in
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cell membranes and cytoplasm without nuclear mem-
brane staining. At high magnification using a V-130B10C
model (Shenzhen Boshida Optical Instrument Co., China),
5 photos were taken in each corner and central portion of
the slice, and the proportion of positive cells in each 100
cancer cells was calculated, and averaged. The results
for different portions of positive cells were divided into
four grades: <10%: 0 point; 10—40%: 1 point; 41-70%:
2 points; >70%: 3 points. These results were divided into
four grades by graduation of stained cells color: 0 for no
color; 1 point for pale yellow; 2 points for pale brown;
3 points for brown. These two values were categorized
into: 0—-3 points as (-): 4-6 points as (+); 7-9 points as
(+ +); 10-12 as (+ + +). For statistical analysis, these
categories were dichotomized in negative (=), and positive
(remaining categories) (19).

Statistical analysis

SPSS 20.0 statistical software (USA) was applied for
statistical analysis. Data are reported as means + SD. The
t-test was used for comparison between the two groups,
and one-way analysis of variance was used among
multiple groups. Count data are reported as a percentage
or ratio. The chi-square test was used between two
groups, and the rank-sum test was used for ranked data.
Correlation analysis was performed using Spearman rank
correlation analysis. Survival is reported as Kaplan-Meier
curves. Log-rank test was used for comparison between

Table 1. Baseline characteristics in each group.
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two groups, and Cox regression model was applied in
multivariate analysis. P<0.05 was considered to be
statistically significant.

Results

The differences in average age of patients in each
group, the number of people <40 and >40 years of age,
and body mass index (BMI) were not statistically signi-
ficant (all P>0.05). In the 84 cases of cervical cancer,
there were 20 well-differentiated, 29 moderately dif-
ferentiated and 35 poorly differentiated cases. There were
36 cases in stages | + 11, 48 cases in stages Il + V. There
were 56 cases with tumor diameter <4cm and 28 cases
with tumor diameter >4cm. There were 39 cases with <1/2
interstitial infiltration and 45 cases > 1/2, and 55 cases with
lymph node metastasis and 29 cases without lymph node
metastasis (Table 1).

Comparison of ezrin and galectin-3 expressions

The positive ezrin and galectin-3 protein expression
indicated that cytoplasm was stained brown (Figure 1 and
Table 2). The positive protein expression rates in CIN, and
CIN grade |, Il, and Ill and in cervical cancer were signi-
ficantly higher than normal cervix group (all P<0.05). The
positive expressions of ezrin and galectin-3 in CIN group
were higher than in cervicitis group (both P <0.05), but the
differences of positive ezrin expression rate among CIN

Iltem Normal cervix Cervicitis CIN (n=89) Cervical cancer
uterus (n=30) (n=28) (n=84)
Grade | (n=28) Grade Il (n=31) Grade Il (n=30)
Average age 434186 434185 428+6.5 4171586 422+88 43.1+8.38
<40 (n) 9 10 8 11 12 31
>40 (n) 21 18 20 20 18 53
BMI (kg/m?) 23.1+£3.0 225135 22.7+41 224127 23.8+£3.1 235t4.4

Data are reported as mean £ SD, unless otherwise indicated. CIN: cervical intraepithelial neoplasia; BMI: body mass index.

C

Figure 1. Protein expression of ezrin and galectin-3 in each group. A, Negative ezrin protein expression in cervicitis tissue; B, Positive
ezrin protein expression in cervical cancer group; C, Negative galectin-3 protein expression in cervicitis group; D, Positive galectin-3

protein expression in cervical cancer group.
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Table 2. Positive expression rate of ezrin and galectin-3 proteins in each group.

Group Ezrin Galectin-3

- + + + ++ + Positive rate (%) - + + + ++ + Positive rate (%)
Normal cervix (n=30) 22 5 3 0 26.7 26 3 1 0 13.3
Cervicitis (n=28) 17 6 4 1 39.3 24 2 2 0 14.3
CIN (n=89) 29 30 19 1 67.4+# 40 19 23 7 55.1+#
CIN grade | (n=28) 10 9 7 64.3* 17 6 5 0 393+
CIN grade Il (n=31) 10 10 7 4 67.7 14 6 8 3 54.8*#4A
CIN grade IIl (n=30) 9 11 5 5 70.0%* 9 7 10 4 70.0%#848
Cervical cancer (n=84) 9 29 36 10 80.3*+#84&+ 10 29 27 18 88.1*#9A&+

Data are reported as numbers or percentages. CIN: cervical intraepithelial neoplasia. *P <0.05, compared to normal cervix group;
#P<0.05, compared to cervicitis group; $P<0.05, compared to CIN group; “P<0.05, compared to CIN grade | group; %P <0.05,
compared to CIN grade Il group; *P <0.05, compared to CIN grade Il group (t-test).

grade |, Il and lll were not statistically significant (all P> 0.05).
By comparison, the positive galectin-3 expression rate
improved with grade elevation of CIN (from I to lll), and the
difference was statistically significant (all P<0.05). The
positive expression rates of ezrin and galectin-3 protein in
cervical cancer were significantly higher than cervicitis group,
and CIN grade |, Il, and Il groups (all P <0.05).

Relationship of clinical pathological features of
cervical cancer with the expressions of ezrin and
galectin-3 proteins

Table 3 shows that the protein expressions of ezrin and
galectin-3 were related to histological grade, FIGO stage,
stromal invasion and lymph node metastasis (all P <0.05).
The positive ezrin and galectin-3 protein expressions in
poorly differentiated patients were significantly higher than
in the well-differentiated patients (all P <0.05), but were not
correlated with age, menopausal status, histological type or
tumor size (all P>0.05).

Correlations of ezrin expression with galectin-3
expression in cervical cancer

A significant correlation between ezrin and galectin-3
protein expressions in cervical cancer was found and is
shown in Table 4 (r=0.355, P <0.05).

Relationship of ezrin and galectin-3 expressions with
cervical cancer prognosis

Patients with cervical cancer were followed-up from 5
to 78 months. Ezrin and galectin-3 expressions in cervical
cancer scored — and + were grouped into low expression
group, while ++ and + + + were grouped into high
expression group. Kaplan-Meier survival curves of ezrin
and galectin-3 protein expression with their influential
factors including histological grade, stromal invasive depth
and lymph node metastasis factors are shown in Figure 2.
The survival rate for cervical cancer patients with high
expressions of ezrin and galectin-3 was significantly lower
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than those with low expressions of the proteins (both
P <0.05). The survival rate was lower with low histological
grade compared to high, and the difference between well
differentiated group and medium differentiated group
was also statistically significant (P <0.05). Survival rate of
patients with superficial muscle invasion was significantly
higher than those with deep myometrial invasion (P <0.05).
Survival rate with no lymph node metastasis was signifi-
cantly higher than with lymph node metastasis (P <0.05).
The survival rates of patients with high expression of ezrin +
galectin-3 were significantly lower than those with low
expression of ezrin + high expression of galectin-3, and
those with high expression of ezrin + low expression of
galectin-3, and those with low expression of ezrin +
galectin-3 simultaneously (all P <0.05). With the inclusion
of influential factors (P <0.05) of Kaplan-Meier analysis
into the results of COX proportional hazards model
analysis, it was found that ezrin and galectin-3 protein
expression, histological grade, stromal invasive depth and
lymph node metastasis were risk factors for cervical
cancer prognosis (Table 5).

Discussion

Cervical cancer is regarded as an epidemic, usually
caused by infection with specific types of human pap-
illomavirus (HPV) (20). Although mortality rates have
decreased significantly with advanced treatment, poor
therapeutic effect still exist for most patients, as well as
poor prognosis. The identification of important substances
in cervical cancer may contribute to a comprehensive
understanding of the oncogenic mechanism, therefore,
providing indicators for prognostic tests.

The study found that ezrin expression was related to
the development and prognosis of cervical cancer. Ezrin
belongs to ERM protein family, and the gene is located in
6425, composed of 585 amino acids with certain specificity
(21). Ezrin protein can reduce expression of E-cadherin on
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Table 3. Relationship of ezrin and galectin-3 protein expression with clinical pathological features of cervical cancer.

Clinical pathological features Number Ezrin protein expression Galectin-3 protein expression
of cases
Positive rate x2 P Positive rate x2 P
(%) (%)

Age
<40 31 80.6 3.84 0.051 83.9 0.84 0.361
=40 53 94.3 90.6

Menstrual state
Menopause 33 84.8 1.12 0.290 84.8 0.55 0.460
Non-menopause 51 92.2 90.2

Histological classification
Squamous carcinoma 63 90.5 0.42 0.812 88.9 0.19 0.909
Adenocarcinoma 13 84.6 84.6
Adeno-squamous carcinoma 8 87.5 87.5

Histological grade
Highly differentiated 20 75.0 6.53 0.038 70.0 9.04 0.011
Medium differentiated 29 89.7 89.7
Poorly differentiated 35 97.1* 97.1*

FIGO stages
Stage | +1I 36 77.8 8.72 0.003 77.8 6.40 0.011
Stage I +1V 48 97.9 95.8

Tumor diameter
<4cm 56 87.5 0.56 0.454 87.5 0.06 0.812
>4cm 28 92.9 89.3

Stromal invasive depth
<12 39 79.5 7.31 0.007 76.9 8.66 0.003
>1/2 45 97.8 97.8

Lymph node metastasis
No 29 72.4 13.2 <0.001 72.4 104 0.001
Yes 55 98.2 96.4

FIGO: International Federation of Gynecology and Obstetrics; (—): negative; (+, + +, + + +): positive. *P <0.05 compared with well-

differentiated patients.

Table 4. Correlations between ezrin and galectin-3 protein expression in cervical

cancer.

Ezrin Galectin-3 protein Total r P
protein - + ++ ++ +

- 7 1 1 0 9 0.355 0.001
+ 2 11 13 3 29

+ + 1 14 7 14 36

+++ 0 3 6 1 10

Total 10 29 27 18 84

the cell surface, thereby reducing the adhesion between
cells, resulting in the migration to a distant place. In
addition, ezrin protein may also gather in CD44 cytoplasmic
region, which would cause the cytoskeleton reconstruction
with distant metastasis of cells. The overexpression of ezrin
protein would promote the worsening of tumors (22).
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Several studies disclosed that ezrin proteins play an
important role in the development of cancer (23). For
example, in patients with osteosarcoma, ezrin protein
expression level in vivo is higher than normal. While the
expression of ezrin protein is decreased by siRNA, the
proliferation, invasion and migration of osteosarcoma cells
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Figure 2. Kaplan-Meier curves for ezrin (A), galectin-3 (B), histological grade (C), stromal invasive depth (D), lymph node metastasis
(E), and overexpression of ezrin and galectin-3 (F). cum survival: cumulative survival.

were significantly inhibited, which is indicative of the
essential function of ezrin overexpression in those pro-
cesses (24). Tan et al. analyzed the protein expression level
in 56 cervical cancer cases, and the results showed that the
amount of ezrin expression in cervical tissue was related
with tumor progression (23). In addition, Kong et al. (8)
reported overexpressed ezrin in cervical cancer, closely
related with poor differentiation, late stage, and lymph node
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metastasis, as well as poorer 10-year survival rate for
patients with early stage cervical cancer. Further, ezrin was
implicated as an EMT regulator and tumor promoter in
cervical cancer, and downregulation of ezrin suppressed
cervical cancer progression, possibly via the phosphoinosi-
tide 3-kinase/Akt pathway (25).

This study also found that galectin-3 protein expression
was related with the development and prognosis of cervical
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Table 5. Multivariate COX regression analysis of patients with cervical cancer.

B SE Wald Sig. Exp (B) 95.0%Cl for Exp (B)
Lower Upper
Ezrin protein expression 2.546 0.83 9.413 0.002 12.756 2.508 64.872
Galectin-3 protein expression 2.639 1.062 6.174 0.013 14.004 1.746 112.305
Histological grade 8.518 0.014
Histological grade (1) 1.412 1.108 1.625 0.202 4.106 0.468 36.027
Histological grade (2) 2774 1.103 6.32 0.012 16.019 1.843 139.252
Stromal invasive depth 1.58 0.583 7.357 0.007 4.857 1.55 15.218
Lymph node metastasis 2.008 0.739 7.379 0.007 7.446 1.749 31.696

Cl: confidence intervals. Indicators taken for coding method: histological grade, the minimum value used as a reference, encoded for two
dummy variables, (1) as medium differentiation, (2) as poor differentiation.

cancer. Galectin-3 gene is located in chromosome Ipl3 and
14921-22, with its relative molecular mass of 26152 Da. It
has three structurally distinct regions on galectin-3 protein:
one containing a short NH,-terminal of 12 amino acids, and
control cell target function. One structure is mainly rich in
glycine, proline, tyrosine and collagen-like substances and
relevant with combination of cell surface decorated with
glycoprotein complex, which can also be used as matrix
metalloproteinase substrate. The other structure is in
carboxyl-terminal region, an iconic structure of galectin-3,
containing functional sugar-binding domain, which can
identify B-galactose residue-heterosexual and bind with it
(26). Under normal circumstances, galectin-3 protein can be
expressed in many tissues, and research shows that it would
overexpress constantly due to the severity of the disease in a
variety of tumor tissues (26). With the effect on cell surface
molecules, extracellular matrix proteins, and glycoproteins
within the cell, it participates in cell proliferation, apoptosis,
adhesion, angiogenesis, splicing of precursor messenger
RNA, etc. It also plays an important role in the development
and metastasis of tumors (27,28). Povegliano et al. (29)
discovered that galectin-3 protein is highly expressed in
colorectal cancer tumor tissues, and in tissues with the
disease development or recurrence its expression was
significantly increased. It has also been shown that
galectin-3 is detected in gastric adenocarcinoma, colorectal
cancer and other cancers (30,31). Some scientists thought
that galectin-3 within the nucleus regulates Wnt/B-catenin
signaling pathway mainly by activation of the transcription of
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