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Altered expression of ezrin, E-Cadherin and β-Catenin in cervical neoplasia
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High-grade cervical squamous intraepithelial lesions (CIN) as well as squamous cell carcinoma and adenocarcinoma 
of the cervix are associated with persistent high-risk human papillomavirus (HPV) infection. A number of cellular events 
play a role in HPV pathogenesis and in the development of cervical lesions, including alterations in cell adhesion and 
motility. The crucial plasma membrane – cytoskeleton linker protein ezrin of the Ezrin-Radixin-Moesin (ERM) protein
family is involved in the regulation of cell morphology, cell adhesion and invasion. Based on our previous work on ERM 
proteins we sought out to study the expression of ezrin in cervical premalignant lesions. We also studied the expression of 
E-cadherin and β-catenin, which play an important role in epithelial cell adhesion. We observed intensifying expression 
of ezrin along with progressing grade of neoplasia. Ezrin staining was found to colocalize with p16 staining in high-risk 
HPV associated lesions. Expression of E-cadherin and β-catenin was found to be altered along with the severity of the 
lesion, similar to ezrin. Enhanced expression of ezrin in cervical HPV associated lesions suggests a role in the develop-
ment of cervical neoplasia and cancer. Further clinical evaluation should reveal the feasibility of ezrin as a biomarker for 
the progression of cervical lesions. 
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Human papillomavirus (HPV) infections of the female 
genital tract are common, but most infections clear spontane-
ously and only a small percentage will develop into high-grade 
epithelial lesion or cancer [1]. Extensive studies have been 
undertaken in order to understand the process of cervical 
carcinogenesis and to recognize cellular factors promoting 
tumorigenesis. Most importantly, good biomarkers to rec-
ognize those HPV infections which will eventually develop 
into severe cervical disease are lacking. The tumor suppressor
p16INK4a is a cyclin-dependent kinase inhibitor, which regu-
lates cell cycle progression by mediating pRb phosphorylation 
or dephosphorylation by CDK4 and CDK6 [2]. Upregulation 
of p16INK specifically due to high-risk (hr) HPV E7 oncogene
expression has been used as a surrogate marker for hrHPV-
associated cervical dysplasia in paraffin-embedded tissue [3].
Additional cellular markers, preferrably of prognostic value, 
would greatly contribute to differential diagnostics, and to the
management of patients with borderline cervical cytology, 
where follow-up and treatment may be challenging.

Ezrin, cloned originally independently by us and by anoth-
er group, is a member of the ERM protein family consisting of 
plasma membrane – cytoskeleton organizers Ezrin, Radixin, 
and Moesin [4-6]. Increased ezrin expression is associated 
with the proliferative phenotype in vitro [7]. Increased expres-
sion of ezrin has been reported in epithelial and other tumors 
and in tumor-derived cell lines [8-10], and a direct role for 
ezrin in invasion and metastasis has been established in our 
work and in the work of others [11-13]. We have previously 
studied the role of ezrin in epithelial cells and found that its 
localization at membrane junctions is essential for the regula-
tion of Rac1, a member of the Rho family proteins important 
in epithelial cell morphogenesis [14]. There are little data
about the interactions of HPV and ezrin. In our recent study 
on the HPV 16 E5 oncogene functions, however, we found 
slightly reduced expression of ezrin in three-dimensional 
collagen raft cultures of HaCaT epithelial cells expressing
the HPV 16 E5 oncogene, although increased membrane 
staining was seen towards the epithelial surface in a cervical 
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intraepithelial neoplasia (CIN) tissue [15]. Further, ezrin has 
been found essential for the tumorigenic Six-1 homeoprotein 
mediated metastasis [12, 16]. Upregulation of Six-1 has been 
reported in an in vitro model for cervical tumorigenesis and 
confirmed in a microarray screen from cervical keratinocytes
immortalized with HPV 16 [17]. The exact roles of ezrin
or Six-1 in cervical carcinogenesis have not, however, been 
properly investigated.

E-cadherin is a crucial molecule in a number of biological 
functions such as cell-cell adhesion, epithelial morphogen-
esis and differentiation [18], which are affected upon the
development of CIN lesions and cervical cancer. Altered 
expression and intracellular localization of E-cadherin and 
catenins are associated with impairment of differentiation of
cervical epithelium in dysplasia [19]. Decreased expression of 
E-cadherin at the plasma membrane as well as relocalization 
of important catenins from the membrane to the cytoplasm 
has been observed in cells immortalized and transformed by 
HPV [20]. Interestingly, in our previous work we found modest 
upregulation of E-cadherin and β-catenin in monolayer cells 
and in three-dimensional cultures expressing the E5 oncogene 
of HPV 16, as well as in CIN [15]. 

Encouraged by our previous findings we studied the expres-
sion of important cell adhesion and cell motility associated 
proteins in cervical disease. We show altered expression of 
ezrin and Six-1, together with E-cadherin and β-catenin, in 
a set of tissue samples representing different stages of HPV
associated epithelial dysplasia. The results suggest that ezrin
has a role in cervical neoplastic disease, and its feasibility as 
a biomarker is worthy of clinical validation.

Patients and methods

Patients and samples. Histological samples used in this 
study were obtained from women referred to colposcopy on 
the basis of repeated abnormal Papanicolaou (pap) smear. 
Colposcopy was performed at the Women’s Hospital of the 
Helsinki University Central Hospital. In colposcopy a punch 
biopsy or large loop excision of the transformation zone of the 
cervix (LLETZ) was performed. Tissue material from either 
procedure was fixed in 10% buffered formaldehyde, prepared
in routine manner in the pathology laboratory, and stained 
with hematoxylin-eosin. Altogether, 26 cervical intraepithelial 
neoplasia (CIN) grade 1 samples, 12 CIN2 samples, 3 CIN3 
samples and 4 adenocarcinoma in situ (AIS) samples were col-
lected. Normal squamous epithelium and normal endocervical 
glands were also represented for comparison. Clinical charac-
teristics of the patients and samples are presented in Table 1.

Ethical issues: The use of archival human samples in this
study was approved by the Coordinating Ethical Committee 
of the Helsinki University Central Hospital (69/E0/07).

High-risk HPV DNA Testing. High-risk HPV DNA testing 
was performed using the Hybrid Capture 2 test (HC2; Qiagen, 
Gaithersburg, MD) from a cytological sample, when available, 
collected at colposcopy. The probe mixture in the HC2 test

contained hrHPV types 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 
58, 59, and 68. The HC2 test gives a hrHPV positive/negative
result without genotyping of HPV.

Immunohistochemical Staining. Five-μm paraffin
sections were prepared for automated immunohistochemi-
cal staining with LabVision Autostainer (Lab Vision Inc., 
Fremont, CA), Ventana Benchmark, or Ventana Discovery 
(Ventana Medical Systems, Tucson, AZ) instruments. After
deparaffinization, antigen retrieval was performed using
citrate-containing buffer (CC1 buffer, Ventana Medical Sys-
tems). Mouse monoclonal antibodies to ezrin clone 3C12 (our 
own clone [21]), p16INK4a clone E6H4 (DakoCytomation, 
Glostrup, Denmark), E-cadherin clone 36 (BD Transduction 
Laboratories, Franklin Lakes, NJ), and β-catenin clone 14 (BD 
Transduction Laboratories), as well as a rabbit antibody to 
Six-1 (Atlas Antibodies, Stockholm, Sweden) were used. The
antibody signal was amplified and detected using biotinylated
secondary antibody followed by streptavidin-conjugated 
horseradish peroxidase and diaminobenzidine (DAB) or 
aminoethylcarbazole (AEC) substrate.

Results

Samples from CIN1-3 and AIS lesions, together with 
normal tissue, were studied for the expression of ezrin, E-
cadherin, β-catenin and p16INK by immunohistochemical 
staining, and the hrHPV status of the patients was determined 
(Table 1.). Among HPV-tested CIN1 cases, not all samples 
were hrHPV positive as expected: cytological samples from 
12/25 patients (48%) were hrHPV positive as determined by 
the hrHC2 test. All CIN2 and CIN3 cases were positive for 
hrHPV DNA. No samples for hrHPV testing were available 
from AIS patients (Table 1.).

The immunohistochemical staining results for p16, ezrin,
E-cadherin and β-catenin are shown in Figure 1. p16INK 
was not expressed in normal cervical squamous epithelium 
or in endocervical glands of normal columnar epithelium. In 
hrHPV-associated dysplastic lesions (CIN1-3), cytoplasmic 
as well as nuclear staining for p16INK was seen, correlating 
with the severity of the lesion. In CIN1, the lower part of the 
dysplastic epithelium stained strongly positive for p16INK, 
whereas the superficial koilocytotic areas of high-risk HPV
negative CIN1 lesions remained faintly stained. The junction

Table 1. Clinical characteristics of the 45 samples studied. hrHPV, high-
risk human papillomavirus; CIN1-3, cervical epithelial neoplasia grade 
1-3; AIS, adenocarcinoma in situ; ND, not done.

Histology N:o hrHPV positive

CIN1 26 12/25* (48%)
CIN2 12 12 (100%)
CIN3 3 3 (100%)
AIS 4 ND

*A cytological sample for hrHPV testing was unavailable from one CIN1 
patient.



58 E. AUVINEN, O. CARPEN, T. KORPELA, M. RONTY, A. VAHERI, J. TARKKANEN

between layered squamous epithelium (p16 positive) and 
simple columnar epithelium (p16 negative), representing 
a frequent site for HPV infection, is shown (arrow). In AIS, 
staining for p16INK was strongly positive.

In normal stratified squamous epithelium of the cervix,
membrane and cytoplasmic ezrin staining was seen in basal 
and parabasal cell layers (arrow), whereas mature superficial
cells were largely negative (Figure 1). In CIN1, increased 
membrane and cytoplasmic staining throughout the squamous 
epithelium was seen in both hrHPV positive and hrHPV 

negative cases. In CIN2, a zone of strong ezrin staining was 
typically seen in the cell middle layers of the epithelium 
(arrow). Altogether, in CIN2 and CIN3 a tendency towards 
stronger staining both at the membrane and in the cytoplasm 
throughout the epithelium was seen, although grading of 
dysplasia on the basis of ezrin staining intensity alone proved 
difficult. In normal cervical glands, intense membrane-as-
sociated staining for ezrin was seen in the apical surface of 
epithelial cells with faint cytoplasmic staining. Inflammatory
cells were also positive. In adenocarcinoma in situ the inten-

Figure 1. Immunohistochemical staining in cervical tissue. Shown are normal squamous epithelium, cervical intraepithelial neoplasia (CIN) 1-3, normal 
columnar epithelium with endocervical glands, and adenocarcinoma in situ (AIS) stained for p16, ezrin, E-cadherin, β-catenin, and Six-1. Arrows: p16 
at the junction between squamous and columnar epithelium in CIN1; basal and suprabasal staining for ezrin in normal squamous epithelium; zone 
of strong ezrin staining in the middle layers of the epithelium in CIN2; basolateral E-cadherin and β-catenin staining in normal columnar epithelium; 
cytoplasmic E-cadherin and β-catenin staining in AIS. Arrowheads: lack of staining for E-cadherin and β-catenin at the apical side of columnar epithelial 
cells. All images were taken in a 20x magnification.
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sity of ezrin immunoreactivity was increased as compared to 
normal cervical glands, and polarized distribution was lost. 
Although the same regions were stained for ezrin as for p16, 
the zonal intense staining seen for ezrin particularly in CIN2 
was not seen for p16INK, and the intracellular distribution of 
the two proteins was different.

Normal squamous epithelium showed positive membrane 
staining at adherens junctions for E-cadherin in basal and 
parabasal cells but fainter staining at the epithelial surface 
(Figure 1). In both hrHPV positive and hrHPV negative CIN1, 
membrane staining reached the upper epithelial layers. An 
intense zonal membrane staining was seen in the middle cell 
layers of the epithelium (Figure 1). In CIN2-3 more intense 
membrane staining covered the whole epithelium and the 
zonal gradient of staining intensity, as seen for ezrin, was 
absent. Normal glands showed faint basolateral (arrow) but 
no apical membrane staining (arrowhead). In AIS there was 
strong membrane positivity together with faint cytoplasmic 
staining (arrow) for E-cadherin. 

β-catenin in normal squamous epithelium showed strong 
granular staining in adherens junctions with little cytoplasmic 
signal (Figure 1). Strong staining did not reach the differen-
tiating cells of the epithelial surface. In CIN1 lesions there 
was markedly strong membrane staining which continued as 
a somewhat fainter staining all the way to the epithelial sur-
face. No difference in the staining pattern was seen between
hrHPV positive and negative lesions. In CIN2-3 the membrane 
staining was equally strong from basal cells to the epithelial 
surface. In normal glands of columnar epithelium there was 
finely granular β-catenin staining at the membrane (arrow),
but apical staining was absent (arrowhead). AIS had marked 
membrane staining and faint cytoplasmic staining throughout 
the epithelium (arrow).

Nuclear staining for Six-1, which stained roughly in the 
same regions of the epithelium as ezrin, was very weak in 
both normal and dysplastic cervical squamous epithelium. 
However, in normal columnar epithelium and in AIS strong 
nuclear staining was seen (Figure 1).

Discussion

In order to understand the role of ezrin in cervical patho-
genesis and to establish putative novel marker proteins for 
cervical dysplasia we studied the expression of ezrin, E-cad-
herin and β-catenin in CIN1-3 and adenocarcinoma in situ 
lesions of the uterine cervix. In this work we found that the 
expression of the cytoskeletal organizer protein ezrin was 
increased along with the severity of HPV-associated CIN. 
Strong staining for ezrin with diffuse intracellular distribu-
tion was also seen in AIS, whereas the distribution in normal 
endocervical tissue was strongly polarized to the apical side of 
columnar epithelial cells. CIN is exclusively caused by HPV, 
but the increased expression of ezrin may be directly or indi-
rectly dependent on the expression of HPV proteins. In our 
previous work we observed slightly reduced ezrin expression 

due to HPV 16 E5 [15] which is an oncogene facilitating the 
early events in the neoplastic development, suggesting that 
increased expression of ezrin would rather be a consequence 
of E6 and/or E7 oncogene expression. 

The impact of ezrin in cervical carcinogenesis is not known,
although evidence of a key role for ezrin in carcinogenesis and 
metastasis is accumulating [11-13, 22]. Ezrin has been recog-
nized as an important contributor to tumor metastasis [11-12]. 
In the latter work, ezrin was found to be a key metastatic 
regulator of soft-tissue sarcomas, and the authors concluded
that expression of ezrin associated strongly with aggressive 
malignancy [12]. In canine and pediatric osteosarcoma, high 
expression of ezrin was associated with early development 
of metastases and poor disease outcome [9, 11, 23]. We have 
previously shown that high ezrin expression in cutaneous and 
uveal melanoma associates with poor prognosis [24-25]. A cor-
relation between ezrin expression and metastatic behavior and 
increased proliferation has also been demonstrated in ovarian 
and pancreatic adenocarcinoma cells [8, 26-27]. In a human 
embryonic esophageal cell line transformed with the HPV 18 
E6 and E7 oncogenes, one of the fifteen upregulated genes dur-
ing malignant transformation was ezrin, and ezrin expression 
correlated with the invasive phenotype [10]. Further, ezrin 
was shown to contribute to cervical cancer cell invasiveness 
through binding to Na+/H+ exchanger NHE1 [28]. In that 
paper, ezrin was shown to colocalize with and physically bind 
to NHE1 in EGF-stimulated cervical cancer cells. Our present 
findings of altered ezrin expression in cervical neoplasia are
in line with these earlier data and suggest a possible role for 
ezrin in the development of cervical disease.

The involvement of ezrin in Six-1-promoted metastasis has
been reported [12]. Six-1 and ezrin were found to regulate me-
tastasis in a microarray study of a rhabdomyosarcoma mouse 
model [12]. The interrelationship and the requirement for ezrin
in Six-1 metastatic function has been established by Wan et al. 
[17], who showed direct activation of ezrin promoter by Six-1, 
and a requirement for ezrin in the prometastatic function of 
Six-1. Although we showed strong nuclear Six-1 staining in 
normal columnar epithelium and AIS, the staining was very 
weak in normal and dysplastic squamous epithelium. Six-1 
stained the same regions of the epithelium as ezrin. However, 
no conclusion could be made of its altered expression in 
cervical disease. 

We found E-cadherin expression in basal and suprabasal 
cells of normal epithelium, whereas in HPV-infected tissue the 
stronger basal cell expression was lost and instead punctuate 
E-cadherin staining in upper cell layers was seen. Staining for 
E-cadherin and ezrin was altered in a similar manner along 
with the severity of the lesion. Altered distribution of E-cad-
herin and β-catenin in cervical carcinoma has been reported 
before [29-31]. In most invasive cervical carcinomas those 
authors found E-cadherin and β-catenin expression mostly 
in the cytoplasm, while we show a strong membrane staining 
in CIN. Alterations in intercellular junctions and differences
therein, even between morphologically similar cells, may be 
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crucial in the development of cervical lesions [32-33]. Along 
with the malignant development, the E-cadherin/β-catenin 
complex at the plasma membrane is claimed to be degraded 
and β-catenin is transported to the nucleus where it acts as 
a transcription factor in the Wnt signaling pathway and con-
tributes to malignant development [18].

Downregulation of E-cadherin in HPV-infected skin has been 
reported [34]. Transfection of E-cadherin into a differentiation-
resistant subpopulation of HPV-transformed cells reverses the 
invasive phenotype [20]. Intriguingly, ezrin has been shown to 
regulate cell-cell and cell-matrix adhesion by downregulation of 
E-cadherin and disruption of E-cadherin/β-catenin complexes, 
suggesting an interplay of these cellular proteins in the develop-
ment of epithelial malignancy [18, 35]. We have earlier shown 
that ezrin regulates the composition of cellular junctions con-
taining cadherins and catenins [14]. In HeLa cervical carcinoma 
cells containing HPV 18 we have shown the displacement of 
epithelial E-cadherin by mesenchymal N-cadherin [14], which 
is known to take place in epithelial-mesenchymal transition 
(EMT) and cancer [36]. Inriguingly, in our present study we 
found strong apical expression of ezrin in endocervical glands, 
whereas moderate basolateral but no apical staining was shown 
for E-cadherin and β-catenin, suggesting different mechanisms
of the formation and maintenance of adherens junctions in 
columnar and squamous epithelia.

Although testing for high-risk HPV has proved useful in 
the triage of borderline cytology cases [37], additional mark-
ers with prognostic value would contribute to better patient 
management. We report here that altered ezrin expression is 
associated with HPV-associated dysplasia in cervical epithe-
lium. Future studies will establish the impact of this finding
in clinical evaluation of patients, and in the improvement of 
intraobserver variation in histological diagnosis. Whether 
it is possible to find a prognostic marker to differentiate the
progressing lesions from the recurring ones within one histo-
logical class is a question remaining to be solved. A histological 
classification does not necessarily represent a single entity of
similar lesions. Different expression patterns of viral proteins,
surrogate cellular markers for viral oncogene expression, or 
expression of other cellular proteins may help in the evalu-
ation of disease progression [38]. Therefore, a combination
of viral and cellular markers might be valuable in a situation 
where prognostic markers for cervical carcinogenesis among 
histologically similar lesions are desired. 
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