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Abstract
AIM: To investigate the correlation between ezrin expression
and invasive phenotype formation in malignantly transformed
esophageal epithelial cells.

METHODS: The experimental cell line employed in the
present study was originated form the progressive induction
of a human embryonic esophageal epithelial cell line (SHEE)
by the E6E7 genes of human papillomavirus (HPV) type 18.
The cells at the 35th passage after induction called SHEEIMM
were in a state of immortalized phase and used as the control,
while that of the 85th passage denominated as SHEEMT
represented the status of cells that were malignantly
transformed. The expression changes of ezrin and its mRNA
in both cell passages were respectively analyzed by RT-PCR
and Western blot. Invasive phenotype was assessed in vivo
by inoculating these cells into the severe combined
immunodeficient (SCID) mice via subcutaneous and
intraperitoneal injection, and in vitro by inoculating them on
the surface of the amnion membranes, which then was
determined by light microscopy and scanning electron
microscopy.

RESULTS: Upregulated expression of ezrin protein and its
mRNA was observed in SHEEMT compared with that in
SHEEIMM cells. The SHEEMT cells inoculated in SCID mice
were observed forming tumor masses in both visceral organs
and soft tissues in a period of 40 days with a special
propensity to invading mesentery and pancreas, but did not
exhibit hepatic metastases. Pathologically, these tumor cells
harboring larger nucleus, nucleolus and less cytoplasm could
infiltrate and destroy adjacent tissues. In the in vitro study,
the inoculated SHEEMT cells could grow in cluster on the
amniotic epithelial surface and intrude into the amniotic
stroma. In contrast, unrestricted growth and invasiveness
were not found in SHEEIMM cells in both in vivo and in vitro
experiment.

CONCLUSION: The upregulated ezrin expression is one of
the important factors that are possibly associated with the

invasive phenotype formation in malignantly transformed
esophageal epithelial cells.
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INTRODUCTION
It has been well known that cancer cells can invade and destroy
surrounding tissues by their disseminative potency. This
acquired malignant property is believed recently to be
determined by the abnormal changes of expression patterns of
certain genes such as c-met, urokinase type plasminogen
activator receptor or ezrin and so on[1-9]. Therefore, the
correlation between the invasive phenotype of tumor cells and
the aberrant expression of these genes has become a focus of
attention by the worldwide oncologists.
     Induced by E6E7 genes of human papilloma virus (HPV)
type 18, we have established both kinds of immortalized and
malignantly transformed cells from a human embryonic
esophageal epithelial cell line (SHEE)[10]. At early passages
after induction, the cell did not display any abnormal growth
ability in soft agar and nude mice[11-13]. At the 20th passage, the
cell was noted to be immortalized with the appearance of
telomerase[14, 15]. At the 30th passage, the cell manifested as a
phenotype of biphasic differentiation[16]. While cultivated over
60 passages, the cell exhibited atypical morphological changes
and chromosomal alterations that were suspected to be a kind
of premalignant transformation[17]. Over 85 passages, the cell
was observed having harbored a property of malignant
transformation shown by its unrestricted growth in the nude
mice and invasion to the surrounding tissues[18, 19]. Obviously,
this process of malignant transformation of SHEE cells induced
by E6E7 genes of HPV type 18 possesses a progressive and
stepwise characteristic, which is no doubt a good cell model
suitable for the study of correlations between abnormal gene
expression and corresponding malignant phenotype formation
in tumorigenesis.
      Differential display analysis of RNA samples isolated from
the SHEEIMM and SHEEMT cells has been performed in our
previous study. There were 15 up-regulated and 6 down-
regulated genes being identified by the cDNA microarray
method (Data to be published), in which ezrin was one of the
up-regulated genes that have been found existed in certain
diseases and tumors. Being a membrane-cytoskeleton linker,
ezrin protein is located in cytoplasm and is rich in microvilli
and cell surface structures with the function involved in the
formation of microvilli and intercellular junctions, as well as
the cell motility and invasive behavior of malignant tumors[20-28].
Up to the present, however, there have been few reports
concerned about how the ezrin expressed in the malignant
transformation of esophageal epithelial cells and what was its
relation to the invasiveness formation of tumor cells, which
are of both theoretical and practical importance in the



investigation of cancerogenesis. Thus, our present study was
conducted to identify the correlation between the ezrin gene
expression and invasive phenotype formation in malignantly
transformed esophageal epithelial cells.

MATERIALS AND METHODS

Cell lines and cell culture
The experimental cells came from our laboratory, and were
established by the progressive induction of SHEE cell line with
the E6E7 genes of HPV type 18. The 35th, 85th passages of
induced cells were employed in the present study. The cells at
the 35 th passage called SHEEIMM were in a state of
immortalized phase, while that of the 85th passage denominated
as SHEEMT represented the status of cells that were
malignantly transformed. Both passages of cells were
continuously cultivated in flasks with medium 199 (GIBCO)
supplemented by 10 % fetal bovine serum (FBS), 100 U·ml-1

penicillin and 100 U·ml-1 streptomycin at 37  in a humidified
atmosphere containing 5 % of CO2.

RT-PCR
Total RNA was extracted from SHEEIMM and SHEEMT cells
using the Trizol reagent (Invitrogen). The first-strand cDNA
synthesis was performed with 1 µg total RNA and carried out
at 42  for 1 h followed by at 95  for 5 min and at 0-5 
for 5 min according to protocol of reverse transcription system
(Promega). The synthesized cDNA was diluted to 100 µl with
TE and stored at -20  until use. In the following experiment,
5 µl of cDNA was amplified in a 25 µl PCR reaction volume
with Advantage 2 PCR Kit (CLONTECH). Both of the ezrin
primer 5’CGGGCGCTCTAAGGGTTCT3’ (sense),
5’TGCCTTTGCAAAGCTTTTATTTCA3’ (antisense) and
GAPDH primer 5’GAAGGTGAAGGTCGGAGTC 3’ (sense),
5’GAAGATGGTGATGGGATTTC 3’ (antisense) were
synthesized by Genecore Company (Shanghai). After prepared
by routine procedures, PCR products were visualized by
electrophoresis on 1 % agarose gel stained with ethidium
bromide and quantitated with Gelworks 1D Intermediate
software (version 3.51, Kodak).

Western blot
Western blot was used to detect ezrin protein expressed by
experimental cells. Confluent cells of 3 flasks were washed
three times with ice-cold PBS and then lysed in buffer
containing 50 mM Tris-HCl (pH 8.0), 150 mM NaCl, 100
µg·ml-1 phenyl-methyl-sulfonyl fluoride (PMSF) and 1 %
Triton X-100 for 30 min on ice. After removal of cell debris
by centrifugation at 12 000 g for 5 min, 50 µl of supernatant
was boiled for 5 min in the sample buffer and separated by
10 % SDS-PAGE, which was then transferred onto the
nitrocellulose membrane (Pall Corporation). After non-specific
reactivity was blocked by 5 % fat-free milk in TBST (10 mM
Tris-HCl, pH 7.5, 150 mM NaCl, 0.05 % Tween 20) for 1 h at
room temperature, the membrane was incubated in turn with
monoclonal antibody of mouse against human ezrin p81
(Maixin-Bio) and anti-mouse IgG-HRP antibody. Reactive
protein was finally detected by ECL chemiluminescence system
(Santa Cruz).

Oncogenesis and invasive potency of SHEE in vivo
SCID mice (C.B-17/IcrJ-scid nu/nu) were from Animal
Laboratory Center, Chinese Academy of Medical Sciences.
For the determination of their oncogenesis and invasive
potency, SHEEIMM and SHEEMT cells were cultured in flasks
with fresh medium to reconstitute their surface protein. After
digested and washed twice with PBS, they were counted and

resuspended in PBS solution (10×106·ml-1) until use. Then
SCID mice were anesthetized with 7 % chloralhydrate
followed by intraperitoneal and subcutaneous inoculation
with the both passages of cells. That is, 2×106 SHEEMT or
SHEEIMM cells in 0.2 ml PBS were injected into the
peritoneal cavity in 5 mice and into the right axilla of the
same number of animals. Instead, the control mice were
injected only with 0.2 ml of PBS. The experimental animals
were checked daily and all were killed on after day 40
inoculation by an overdose of anesthetic. Tissues from tumor
mass, mesentery, pancreas and gastrointestinal tract were
sampled and prepared with the routine method to produce
thin paraffin sections (5 µm) stained by hematoxylin and eosin
for the assessment of tumor invasion.

Invasive potency of SHEE in vitro
Tumor cell invasion in vitro was assessed by using a fresh
fetal amnion, which was cultured in 199 medium supplemented
with 10 % FBS. In the experiment, a piece of amnion and
50 000 SHEEIMM or SHEEMT cells were in turn added to
one well of a 24-well plate and incubated together for 24 h
and 72 h, and then were washed for several times with PBS.
Then the samples, including the piece of amnion and cells
adhering to it, were fixed with 2.5 % glutaraldehyde and post-
fixed with 2 % osmium tetraoxide. After full dehydration with
gradient concentrations of ethanol, the samples were adhered
to an aluminium stub and sprayed plating with gold for 3
minutes (EIKD, IB-3, Hitachi), which were further examined
by Hitachi H300 electron microscope with the attachment of
scanning apparatus.

RESULTS

Expressive alterations of ezrin and its mRNA
The ezrin mRNA detected by electrophoresis on 1 % agarose
gel was shown as a band of 3 032 bp segment, whose expression
was observed to be significantly up-regulated in SHEEMT by
RT-PCR assay compared with that expressed in SHEEIMM
cells as displayed in Figure 1. The same difference was also
noted in the expression of ezrin protein between both of the
cell passages (Figure 2).

Figure 1  RT-PCR assay of ezrin mRNA. The expression of
ezrin mRNA was significantly increased in SHEEMT compared
with that in SHEEIMM cells. A. Ezrin; B. GAPDH: a. Marker;
b. SHEEIMM; c. SHEEMT.

Figure 2  Western blot analysis of ezrin protein expression.
The ezrin protein was exhibited as a band of 81-kDa segment,
whose expression was up-regulated in SHEEMT compared
with that in SHEEIMM cells. Lane a: SHEEIMM; lane b:
SHEEMT.
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Figure 3  The inoculated SHEEMT cells (arrow) invaded into
the parenchyma of pancreas (P) (HE, ×200).

Figure 4  Tumor formation in subcutaneous tissue inoculated
with SHEEMT cells (C), the latter was also shown to invade
and destroy nearby muscle fibers (M). (HE, ×200).

Figure 5  The invasiveness of inoculated SHEEMT cells on
amniotic epithelium was demonstrated by scanning electron
microscopy. A. A cluster of SHEEMT cells (T) grew on the
amniotic epithelial surface (bar, 5 µ); B. On the cutting surface,
SHEEMT cells (T) were observed invading into the amnion
stroma (bar, 50 µ).

Oncogenesis and invasiveness in SCID mice
After inoculated into the SCID mice, SHEEMT cells were noted
growing rapidly and forming tumor masses in 40 days. In
peritoneal cavity, tumors were observed occurring on the
mesentery, pancreas, urinary cyst, sub-diaphragm etc. with a
special propensity for invading mesentery and pancreas, but
did not exhibit any signs of hepatic metastases. Histological
examination revealed that these tumor cells did not only grow
on the organ surface, but also invade into adjacent tissues
(Figure 3). In the subcutaneous tissue of the right axilla, tumor
mass was observed macroscopically forming on the thoracic
wall and penetrating into the thoracic cavity. Pathologically,
these tumor cells harboring larger nucleus, nucleolus and less
cytoplasm could infiltrate and destroy adjacent muscular fibers
(Figure 4). Once transplanted, tumors could keep be passed to
other SCID mice. In contrast, SHEEIMM cells were not found
to form tumors in inoculated tissue by gross examination.

Invasive potency in vitro
After inoculated on the amnion, SHEEMT cells were shown
growing in cluster on the epithelial surface with the formation
of pseudopod that intruded into the gap between intercellular
conjunctions (Figure 5A). On the cutting surface, SHEEMT
cells were observed invading into the amnion stroma (Figure
5B). It was not found that the inoculated SHEEIMM cells could
adhere to or colonize on the amniotic epithelium.

DISCUSSION
Invasive potency is one of the most important features of
malignant tumors and is involved in a critical cascade of events
such as extracellular matrix degradation, cell migration and
colonization in the assaulted tissue. The invasive phenotype
formation of malignant cells requires up-regulated expression
of certain adhesive molecules, enzymes and related genes
responsible for the interaction between cancer cells and
extracellular matrix[29]. Several co-factors have been reported
to be involved in the process of invasion and metastasis[30-32]

besides ezrin that has been considered as an important molecule
contributing to the malignantly transformation of cells. In
addition to combining with adhesion molecules such as E-
cadherin and catenin implicated in cell-cell and cell-matrix
adhesion[33], ezrin plays a critical role in the determination of
invasiveness of cancer cells[34].
      In the present study, we investigated the expression of ezrin
and its mRNA in a malignantly transformed esophageal
epithelial cell line SHEEMT and further demonstrated its
unrestricted growth and invasive potency in both in vivo and
in vitro circumstances. The experimental results revealed that
the expression of ezrin protein and its mRNA was significantly
upregulated in SHEEMT compared with that in SHEEIMM
cells. The SHEEMT cells inoculated to SCID mice could form
tumor masses in both visceral organs and soft tissues in a period
of 40 days. Pathologically, these tumor cells harboring larger
nucleus, nucleolus and less cytoplasm could infiltrate and
destroy adjacent tissues. In the in vitro study, the inoculated
SHEEMT cells could grow in cluster on the amniotic epithelial
surface and intrude into the amniotic stroma. In contrast,
unrestricted growth and invasive property were not found in
the SHEEIMM cells that were used as the control in both in
vivo and in vitro experiments. As to our knowledge, this is one
of the few reports concerned about how the ezrin gene
expresses and what is its relation to the invasiveness formation
in malignantly transformed esophageal epithelial cells.
     New technology in molecular medicine allows global
descriptions of complex expression patterns of genes
responsible for the malignant properties of tumors[35-38]. With
the two representative passages of cells described above, we
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have defined the profile of genes involved in the invasiveness
of tumor cells using a sensitive cDNA microarray in a previous
study. We found that increased expression of ezrin protein in
SHEEMT cells was in accordance with their acquisition of the
invasive potency[39]. Based on these observations, we therefore
speculated that ezrin might be an important candidate of genes
in charge of the invasive behaviors of malignantly transformed
esophageal epithelial cells, as reported in lymphoma and
astrocytic tumors[40, 41]. However, recent work in this field has
also focused on the identification of ezrin-binding molecules,
including CD44, CD43, intercellular adhesion molecule[42--44] and
syndecan-2[45]. Moreover, modulation of the ERM protein ezrin
by Merlin and NF-2 has been reported in other literatures[46-48].
In the meanwhile, we have demonstrated that following
expression of MMP2 and MMP9, highly invasive potency was
developed in SHEEMT cells (Data to be published). All these
suggest the invasiveness of tumor cells is determined by
multiple genes and co-factors with complicated cellular signal
passways. Therefore, future works are necessitated to
demonstrate more exactly the roles of ezrin and related
molecules in the formation of invasive potency of cancer cells
by the gene knockout technique and other powerful tools.
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