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Abstract

Cervical cancer is the fourth most common malignancy in women. The aim of this study was to investigate the
functions of Ezrin in cervical cancer cells. Two cervical cancer cell lines, SiHa and CaSki, were cultured in vitro.
Following the knockdown of Ezrin using siRNA, real-time reverse transcription-polymerase chain reaction (RT-PCR)
and Western blot analysis were applied to analyze Ezrin expression at the messenger RNA (mRNA) and protein
levels. Subsequently, wound healing assay, transwell assay, and sulforhodamine B (SRB) assay were used to detect
the migration, invasion, and viability of cervical cancer cells, respectively. Results revealed that Ezrin siRNA can
notably inhibit the migration and invasion of SiHa and CaSki cells (P < 0.05). However, knockdown of Ezrin shows no
effects on the viability of SiHa and CaSki cells (P<0.05). It is indicated that Ezrin plays a possible role in promoting
the migration and invasion of cervical cancer cells and may be a therapeutic target to prevent metastasis of cervical
cancer.
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Introduction cytoskeleton connexin that stabilizes the structure
and function of the cell membrane region.* The
main physiological functions of Ezrin protein
include participating in the formation of microvilli;
maintaining cell morphology; involving in cell
movement, adhesion, and cytoskeleton remode-
ling; and mediating cell signal transduction
process.’ Recently, Ezrin is found to play an impor-
tant role in tumor invasion and metastasis. A lot of
studies have shown that Ezrin is abnormally

Cervical cancer is the most common malignant
tumor of female reproductive system, which seri-
ously threatens women’s health.! There are about
529,000 new cases of cervical cancer in the world
every year, of which 85% occur in developing
countries.” China has about 1,315,000 new cases
every year, accounting for one-third of the world’s
new cases of cervical cancer. Direct infiltration and
lymph node metastasis are still the main causes of
poor prognosis and death of cervical cancer.?
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expressed in many tumor tissues and involved in
the invasion and metastasis of tumors such as
breast cancer,® prostate cancer,” ovarian cancer,?
colorectal cancers,’ thyroid carcinoma,'® and pan-
creatic ductal adenocarcinoma.'!

To present, there are few studies on the role of
Ezrin in cervical cancer.””!® For instance, aberrant
localization of Ezrin has been reported to be
involved in cervical cancer.” High Ezrin expression
was observed in cervical cancer samples, indicat-
ing that Ezrin serves as a risk factor for progression
of cervical cancer.'”'* Furthermore, Ezrin can reg-
ulate epithelial-mesenchymal transition, and Ezrin
down-regulation inhibits cervical cancer progres-
sion through the phosphoinositide 3-kinase/Akt
pathway.!> Moreover, the effect and mechanism of
Ezrin in the invasion and metastasis of cervical
cancer have not been reported. In order to elucidate
the function of Ezrin in cervical cancer, siRNA
interference technology was used to interfere with
Ezrin gene expression and then scratch test,
Transwell chamber method, and sulforhodamine B
(SRB) method were used to detect the changes of
invasion, migration, and viability of cervical can-
cer cells.

Materials and methods
Cell culture

Human cervical cancer cell lines SiHa and CaSki
cells were purchased from the American Type
Culture Collection (ATCC, Manassas, VA, USA).
SiHa and CaSki cells were cultured in Roswell
Park Memorial Institute (RPMI)-1640 medium
containing 10% fetal bovine serum (FBS) at 37°C,
5% CO,, and saturated humidity. Cells were
digested by 0.25% + 0.02% EDTA every 3 days
and passaged from 1:3 to 1:4.

siRNA transfection

SiHa and CaSki cells were cultured in 25-mL flat
flask, and transfection was required when cells
reached 80%—-90% fusion. Ezrin siRNA (Forward:
5'-UCCACUA UGUGGAUAAUAA-3'; Reverse:
5'-UUAUUAUCCACAUAGUGGA-3') and nega-
tive control siRNA powder (Forward: 5'-UCCACU
AUGUGGAUAAUAA-3'; Reverse: 5-ACGU
GACACGUUCGGAGAA-3") (Ambion, USA)
were added into 100 uL of storage solution, and

10 uL of storage solution was then diluted to 100 uLL
(10 pm).

Cells at concentration of 1 X 10°cells/mL were
incubated in six-well plates using RPMI-1640
medium containing 10% FBS for 24h. Ezrin
siRNA (30nM) or negative control siRNA was
transfected into each hole of six-well plates using
siPORT™ NeoFX™ (Ambion). Cells treated with
transfection reagent without siRNA were used as
the blank control group, and cells transfected with
negative control siRNA were used as the negative
control group.

Real-time reverse transcription-polymerase
chain reaction

Reverse transcription-polymerase chain reaction
(RT-PCR) was used to detect messenger RNA
(mRNA) expression of Ezrin after 48 h of transfec-
tion. Briefly, 2 X 10° cells were inoculated into six-
well plates containing 2.5mL of cell culture
medium. After 24h of culture, cells were trans-
fected with Ezrin siRNA and negative control.
Forty-eight hours later, RNA was extracted by phe-
nol and chloroform. According to the instructions
of miScript Reverse Transcription Kits (Takara,
Japan), 1 g RNA was retrieved into cDNA. Primers
for Ezrin (Biosune Biotechnology Shanghai Co.,
China) were as follows: 5-GGAGCAGCTG
ATTGAATTACGG-3" (Forward), 5'-AGAGAG
AGTAGCAGATG-3" (Reverse). The relative
expression of Ezrin was calculated by 2AACY
method.'® Glyceraldehyde 3-phosphate dehydro-
genase (GAPDH) served as the internal control.

Western blot

Protein expression of Ezrin was determined by
Western blot after 48h of transfection. The cells
were lysed using lysis buffer containing 50 mM
Tris-HCI1 (pH 7.4), 1% NP-40 (Sigma; St. Louis,
MO, USA), 0.25% sodium deoxycholate, 150 mM
NaCl, I mM phenylmethylsulfonyl fluoride, 1 mg/mL
aprotinin, | mg/mL leu-peptin, and 1 mg/mL pepsta-
tin. The protein concentrations were determined
using the Bradford assay. Sixty micrograms of pro-
tein was separated on 10% sodium dodecyl sulfate—
polyacrylamide gel electrophoresis (SDS-PAGE)
gels and transferred onto polyvinylidene difluoride
(PVDF) membranes (Millipore, MA, USA) for
immunoblotting. The blots were blocked with 5%
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non-fat dry milk in phosphate-buffered saline
Tween-20 buffer (Sigma). The blots were then
washed and incubated with primary Ezrin and
GAPDH antibodies (Santa Cruz, CA, USA) at a
1:1000 dilution overnight at 4°C. The blots were
washed with phosphate buffer solution containing
tween 20 (PBST) and then incubated for 30min
with secondary antibody conjugated with horserad-
ish peroxidase (1:10,000 dilution, Shanghai Youning
Technology Co., Ltd, China). Immunoreactive pro-
tein signals were visualized by an enhanced chemi-
luminescence kit (ECL, Thermo, USA).

Scratch test

Cells were inoculated on the six-well plates. After
cells grew to 100% abundance, the six-well plates
were taken out and scratched on them with 100 uL
aseptic gunhead. After the scratched cells were
washed gently by phosphate-buffered saline (PBS),
the six-well plates were placed in the medium con-
taining 15% FBS and taken out 24h later. The
wound healing of cells was observed under a
microscope. Five visual fields were selected ran-
domly and migration distances were counted to
show the migration ability of cells.

Transwell assay

Matrigel (BD Biosciences, Franklin Lakes, NJ,
USA) was thawed in refrigerator at 4°C and then
diluted by 1:5 in serum-free Opti-MEM medium
(Sigma) at the next day. Fifty microliters of
matrigel was added to the upper chamber of
Transwell chamber which was put in a static posi-
tion at 37°C for 1 h until coagulation. Cells were
digested by trypsinase-EDTA at 24 h after siRNA
transfection and resuspended in serum-free Opti-
MEM medium at concentration of 1 X 10%cell/mL.
One hundred microliters of cell suspension was
inoculated in Transwell chamber (1 X 10° cells/
each chamber) with 600 uL. RPMI-1640 medium
containing 10% FBS. After cells were incubated
at 37°C for 24h, Tweezers were taken out of
Transwell chamber and washed with PBS for
twice. Cells on the upper side of the filter mem-
brane were gently wiped off with cotton swab,
washed with PBS for twice, and stained with
hematoxylin for 15 min. Six visual fields (10 X 20-
fold) were photographed under the microscope
for each sample.

SRB staining

Cell viability was detected by SRB staining
(230162, Sigma). Briefly, cells were inoculated
into 96-well plates at concentration of 5 X 103 per
hole with the 100 pL final volume, and the incuba-
tion was closed after 48h of transfection. Cells
were treated with 50 uL of precooled 30% trichlo-
roacetic acid (TCA) and fixed at 4°C for 1 h. Then,
cells were washed with ddH, O for five times, dried
in a fume cabinet, and stained with 100 uL. of 0.4%
SRB dye solution (prepared with 0.1% glacial ace-
tic acid) at room temperature for 30min. Cells
were washed using 0.1% glacial acetic acid for five
times and then dried in a hood. One hundred micro-
liters of Tris (10 mmol/L) was put into each hole of
plates and oscillated for 10 min. Finally, the absorb-
ance was detected by the microplate reader
(Olympus, Tokyo, Japan) at 570 nm wavelength.

Statistical analysis

Statistical analysis was performed using Statistical
Product and Service Solutions (SPSS) software
(Windows version 16.0; SPSS, Chicago, IL, USA).
Data are expressed as mean * standard deviation
(SD). Mean difference between the two groups
was determined by t-test; P <<0.05 represents a sig-
nificant difference.

Results
Transfection efficiency of Ezrin siRNA

The mRNA and protein expression of Ezrin in both
SiHa and CaSki cells was observed following Ezrin
siRNA transfection. It was suggested that, compared
with the negative control group, mRNA expression
in Ezrin siRNA-treated SiHa cells (Figure 1(a)) and
CaSki cells (Figure 1(b)) was down-regulated by
79% and 81%, respectively (P <0.01). Furthermore,
the protein expression level of Ezrin in SiHa cells
(Figure 1(c)) and CaSki cells (Figure 1(d)) was
decreased significantly compared with the negative
control group (P<<0.01). However, there was no
significant difference in Ezrin expression between
negative control group and blank control group
(P>0.05) (Figure 1). The expression of compre-
hensive mRNA and protein of Ezrin was decreased
significantly, indicating that the transfection effi-
ciency of Ezrin was excellent, and it could be used
in the functional tests.
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Figure |. Transfection efficiency of Ezrin siRNA in SiHa and CaSki cells. Analysis of mRNA expression of Ezrin by RT-PCR in (a)
SiHa cells and (b) CaSki cells. Analysis of Ezrin protein expression by Western blot in (c) SiHa cells and (d) CaSki cells.

**P < 0.0l compared with control.

Effects of Ezrin on migration of cervical cancer
cells

SiHa cells and CaSki cells were scratched in blank
group (Figures 2(a) and 3(a)), negative group
(Figures 2(b) and 3(b)), and Ezrin siRNA group
(Figures 2(c) and 3(c)) before transfection. After
48 h of transfection, changes in migration ability of
cervical cancer cells were evaluated. It was found
that after 48h of Ezrin siRNA transfection, SiHa
cells migrated from both sides of the wound to the
middle, but the ability of cell migration was sig-
nificantly inhibited. The distance of wound migra-
tion in the blank group was 5.20 times (Figure
2(d)) and in the negative group 3.25 times (Figure
2(e)) to that in Ezrin siRNA group (Figure 2(f)),
and the difference was statistically significant
(P <<0.05). Furthermore, compared to blank group
(Figure 3(d)) and negative group (Figure 3(e)),
migration ability of CaSki in Ezrin siRNA group
(Figure 3(f)) was also inhibited significantly
(P<0.05).

Effects of Ezrin on invasion of cervical cancer
cells

As shown in Figure 4, the invasive ability of SiHa
cells in Ezrin siRNA group (Figure 4(c)) was sig-
nificantly lower than that in the blank control
group (Figure 4(a)) and the negative control group

(Figure 4(b)). In addition, it was also found that,
compared to the negative control (Figure 5(b)),
Ezrin siRNA obviously inhibited invasion of
CaSki cells (Figure 5(c)). The number of cells
passing through in the Ezrin siRNA group was sig-
nificantly less than that in the blank control group
(P<0.01), but there was no significant difference
between the negative control group and the blank
group (Figure 5(a)) (P>0.05).

Effects of Ezrin on viability of cervical cancer
cells

The viability of SiHa cells (Figure 6(a)) and CaSki
cells (Figure 6(b)) transfected with Ezrin siRNA
for 48h was detected by SRB assay. Compared
with the blank group and negative control group,
the growth of SiHa cells and CaSki cells trans-
fected with Ezrin-siRNA did not changed signifi-
cantly at all time points, indicating that knockdown
of Ezrin had no effect on the viability of cervical
cancer cells (P>0.05).

Discussion

A large number of studies have shown that Ezrin
promotes tumor metastasis, but it is not clear how
Ezrin exerts its functions in tumor cells.!”!?
Khanna et al.? first studied the role of Ezrin in
osteosarcoma cells and found that Ezrin is involved
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Figure 2. Effects of Ezrin on migration of SiHa cells. SiHa cells were scratched in (a) blank group, (b) negative group, and (c) Ezrin
siRNA group before the transfection. Following 48 h of transfection, changes of migration ability in (d) blank group, (e) negative

group, and (f) Ezrin siRNA group were evaluated.
#P < 0.0 compared with control.

in regulating cell invasion, migration, and adhe-
sion. Furthermore, there is a significant difference
in the expression of Ezrin between the two models
of osteosarcoma with different invasiveness. In the
study of osteosarcoma and rhabdomyosarcoma,
Khanna et al.>!*? screened Ezrin as a highly metas-
tasis-related gene-by-gene chip. Transfection of
Ezrin gene into low metastatic potential cell lines
can lead to lung metastasis. Interestingly, in high
metastatic potential cell lines, Ezrin expression
inhibited by RNA interference and antisense RNA
significantly reduces lung metastasis.

The same results also appeared in research of
hepatocellular carcinoma. Zhang et al.>* found that
the expression of Ezrin is increased, which is sig-
nificantly related to the proliferation, invasion, and

migration of hepatocellular carcinoma cells. When
the expression of Ezrin protein is specifically
down-regulated, the invasion ability of hepatocel-
lular carcinoma cell lines with high metastatic
potential is also decreased significantly. Ilmonen
et al.?* found that the immunoreactivity of Ezrin is
related to the thickness and invasiveness of mela-
noma. When the thickness of melanoma is
increased, the higher immunoreactivity of Ezrin
and the stronger invasiveness of tumor cells are
found together. In another study, Ezrin was reported
to promote invasion and metastasis of pancreatic
cancer cells. The expression of Ezrin in Mia ez22-
B cell line is 3.8 times higher than that in Miapcb6
cell line. It is proved that high expression of Ezrin
can significantly increase the membrane processes
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Figure 3. Effects of Ezrin on migration of CaSki cells. CaSki cells were scratched in (a) blank group, (b) negative group, and
(c) Ezrin siRNA group before the transfection. Following 48h of transfection, changes of migration ability in (d) blank group, (e)

negative group, and (f) Ezrin siRNA group were evaluated.
*P < 0.0l compared with control.

on the cell edge, cell movement, and invasion.? In
a study investigating the functions of Ezrin in
human metastatic melanoma, it was found that
Ezrin and related molecules participate in the for-
mation of phagocytic vacuoles, vacuole fusion,
enhanced migration ability, and promote mela-
noma metastasis.?® In vitro cell culture studies
showed that the loss of Ezrin is related to the
increase of motility and invasiveness of tumors and
can affect the adhesion molecules on the cell sur-
face and promote the invasion and metastasis of
tumors.?’?® In this study, it was suggested that
interfering with Ezrin expression can effectively
inhibit the migration and invasion of SiHa cells
and CaSki cells, which is consistent with the role
of Ezrin in various tumors reported in the
literature.

Ezrin has been well studied in the metastasis of
osteosarcoma and may be a key molecule to inhibit
the metastasis of osteosarcoma. The differential
expression of Ezrin between metastatic and non-
metastatic osteosarcoma tissues was investigated,
and the expression of Ezrin in metastatic lung tis-
sues was found to be four times higher than that in
non-metastatic lung tissues.?’ Detection of Ezrin
protein expression in 32 patients with osteosar-
coma showed that the high expression of Ezrin is
negatively correlated with lung metastasis time
and total survival time.*° The expression rate of
Ezrin protein in primary and metastatic lesions of
osteosarcoma is 62% and 84.5%, respectively. The
average expression of Ezrin protein in pulmonary
metastases is significantly higher than that in pri-
mary lesions of osteosarcoma.’!
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Figure 4. Effects of Ezrin siRNA on invasion of SiHa cells (’<400). Invasion of SiHa cells was measured by transwell assay in (a)
blank, (b) negative, and (c) Ezrin siRNA groups.
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Figure 5. The effects of Ezrin siRNA on invasion of CaSki cells (X400). Invasion of CaSki cells was measured by transwell assay in
(a) blank, (b) negative, and (c) Ezrin siRNA groups.

**P < 0.0 compared with control.

At present, the upstream regulation mechanism  that the protein kinase C (PKC) pathway dynami-
of Ezrin is seldomly studied. It has been suggested  cally regulates the expression of Ezrin. PKC
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Figure 6. Effects of Ezrin siRNA on viability of SiHa and CaSki cells. The viability of (a) SiHa cells and (b) CaSki cells was

determined by SRB assay.

pathway can phosphorylate 567 threonine at the
carboxyl end of Ezrin protein and then activate
Ezrin protein and mediate the metastasis of tumors.
Inhibition of PKC expression decreases the metas-
tasis of tumors. Interestingly, interfering with the
expression of Ezrin also has the same effect as
inhibiting the expression of PKC.*' Another study
has demonstrated that Ezrin and beta 4 integrin can
promote the metastasis of osteosarcoma. In osteo-
sarcoma cell lines with high metastatic potential,
silencing or interfering with the beta-4 integrin
gene significantly reduces the metastasis of osteo-
sarcoma and inhibits the occurrence of lung
metastasis.’>* However, the detailed mechanism
of Ezrin in the metastasis of tumors still needs
more researches.

There are still several limitations in this study.
First, we did not take in vivo investigations to
prove the results in vitro. Second, how overex-
pressed Ezrin exerts its function in SiHa and
CaSki cells remains unknown. Third, the target
of Ezrin in regulating the functions of cervical
cancer cells is not studied. Fourth, current stud-
ies have not fully revealed the relationship
between the Ezrin expression level and location
and the occurrence and development of cervical
cancer, the relationship between Ezrin expres-
sion and human papillomavirus (HPV), and
whether Ezrin is involved in the progress of cer-
vical precancerous lesions. So, it needs to fur-
ther investigate the participation of Ezrin in
specific signaling pathways of cancer metastasis

and to find effective intervention targets for
comprehensively studying the metastasis pro-
cess of cervical cancer.

Conclusion

In summary, it is proved that knockdown of Ezrin
inhibits invasion and migration of SiHa and CaSki
cell lines. However, it shows no effect on viability
of SiHa and CaSki cell lines. It is indicated that
Ezrin is involved in the regulation of cervical can-
cer, which maybe a crucial target for cervical can-
cer treatment.

Author contributions

M.X. and W.T. are responsible for the guarantor of
integrity of the entire study, study concepts and
design, definition of intellectual content, literature
research, clinical studies, experimental studies, data
acquisition and analysis, statistical analysis, manu-
script preparation, and editing and review. All
authors read and approved the final manuscript.

Declaration of conflicting interests

The author(s) declared no potential conflicts of interest
with respect to the research, authorship, and/or publication
of this article.

Ethical approval

This article does not contain any studies with human par-
ticipants or animals performed by any of the authors.



Xi and Tang

Funding

The author(s) received no financial support for the
research, authorship, and/or publication of this article.

Informed consent

For this type of study, informed consent is not required.

ORCID iDs

Meili Xi (2} https://orcid.org/0000-0001-7021-1901
Wenbin Tang (12} https://orcid.org/0000-0003-0364-3100
References

1.

10.

11.

Johnson CA, James D, Marzan A, et al. (2019)
Cervical cancer: An overview of pathophysiology and
management. Seminars in Oncology Nursing 35(2):
166-174.

Vu M, Yu J, Awolude OA, et al. (2018) Cervical
cancer worldwide. Current Problems in Cancer 42:
457-465.

Shrestha AD, Neupane D, Vedsted P, et al. (2018)
Cervical cancer prevalence, incidence and mortality
in low and middle income countries: A systematic
review. Asian Pacific Journal of Cancer Prevention
19: 319-324.

Hunter KW (2004) Ezrin, a key component in tumor
metastasis. Trends in Molecular Medicine 10(5):
201-204.

Arpin M, Chirivino D, Naba A, et al. (2011) Emerging
role for ERM proteins in cell adhesion and migration.
Cell Adhesion & Migration 5(2): 199-206.

Li N, Kong J, Lin Z, et al. (2019) Ezrin promotes
breast cancer progression by modulating AKT sig-
nals. British Journal of Cancer 120(7): 703-713.
Valdman A, Fang X, Pang ST, et al. (2005) Ezrin
expression in prostate cancer and benign prostatic tis-
sue. European Urology 48(5): 852—-857.

Fadiel A, Chen Z, Ulukus E, et al. (2012) Ezrin over-
expression by transformed human ovarian surface
epithelial cells, ovarian cleft cells, and serous ovarian
adenocarcinoma cells. Reproductive Sciences 19(8):
797-805.

Qin R, Cao L, Wang J, et al. (2018) Promoter meth-
ylation of Ezrin and its impact on the incidence and
prognosis of cervical cancer. Cellular Physiology and
Biochemistry. International Journal of Experimental
Cellular Physiology, Biochemistry, and Pharmacology
50(1): 277-287.

Lathika LM, Nair JKKM, Saritha VN, et al. (2019)
Role of phospho-Ezrin in differentiating thyroid car-
cinoma. Scientific Reports 9: 6190.

Penchev VR, Chang YT, Begum A, et al. (2019) Ezrin
promotes stem cell properties in pancreatic ductal
adenocarcinoma. Molecular Cancer Research: MCR
17(4): 929-936.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Kong J, Li Y, Liu S, et al. (2013) High expression of
Ezrin predicts poor prognosis in uterine cervical can-
cer. BMC Cancer 13: 520.

Li M, Feng YM and Fang SQ (2017) Overexpression
of Ezrin and galectin-3 as predictors of poor prognosis
of cervical cancer. Brazilian Journal of Medical and
Biological Research 50: €5356.

Zacapala-Gomez AE, Navarro-Tito N, Alarcon-
Romero LDC, et al. (2018) Ezrin and E-cadherin
expression profile in cervical cytology: A prognostic
marker for tumor progression in cervical cancer. BMC
Cancer 18: 349.

Kong J, Di C, Piao J, et al. (2016) Ezrin contributes
to cervical cancer progression through induction of
epithelial-mesenchymal transition. Oncotarget 7:
19631-19642.

Livak KJ and Schmittgen TD (2001) Analysis of rela-
tive gene expression data using real-time quantitative
PCR and the 2(-Delta Delta C(T)) Method. Methods
25(4): 402—408.

Zhou B, Leng J, Hu M, et al. (2010) Ezrin is a
key molecule in the metastasis of MOLT4 cells
induced by CCL25/CCRY. Leukemia Research
34(6): 769-776.

Kang YK, Hong SW, Lee H, et al. (2010) Prognostic
implications of Ezrin expression in human hepatocel-
lular carcinoma. Molecular Carcinogenesis 49(9):
798-804.

Ren L, Hong SH, Cassavaugh J, et al. (2009) The
actin-cytoskeleton linker protein Ezrin is regulated
during osteosarcoma metastasis by PKC. Oncogene
28:792-802.

Khanna C,KhanJ, Nguyen P, etal. (2001) Metastasis-
associated differences in gene expression in a
murine model of osteosarcoma. Cancer Research 61:
3750-3759.

Yu'Y, Khan J, Khanna C, et al. (2004) Expression pro-
filing identifies the cytoskeletal organizer Ezrin and
the developmental homeoprotein Six-1 as key meta-
static regulators. Nature Medicine 10(2): 175-181.
Khanna C, Wan X, Bose S, et al. (2004) The mem-
brane-cytoskeleton linker Ezrin is necessary for osteo-
sarcoma metastasis. Nature Medicine 10(2): 182—186.
Zhang Y, Hu MY, Wu WZ, et al. (2006) The mem-
brane-cytoskeleton organizer Ezrin is necessary
for hepatocellular carcinoma cell growth and inva-
siveness. Journal of Cancer Research and Clinical
Oncology 132(11): 685-697.

Ilmonen S, Vaheri A, Asko-Seljavaara S, et al. (2005)
Ezrin in primary cutaneous melanoma. Modern
Pathology: An Official Journal of the United States and
Canadian Academy of Pathology, Inc 18(4): 503-510.
Meng Y, Lu Z, Yu S, et al. (2010) Ezrin promotes
invasion and metastasis of pancreatic cancer cells.
Journal of Translational Medicine 8: 61.


https://orcid.org/0000-0001-7021-1901
https://orcid.org/0000-0003-0364-3100

International Journal of Immunopathology and Pharmacology

26.

27.

28.

29.

Federici C, Brambilla D, Lozupone F, et al. (2009)
Pleiotropic function of Ezrin in human metastatic mela-
nomas. International Journal of Cancer 124: 2804-2812.
Ng T, Parsons M, Hughes WE, et al. (2001) Ezrin is
a downstream effector of trafficking PKC-integrin
complexes involved in the control of cell motility.
EMBO Journal 20: 2723-2741.

Wick W, Grimmel C, Wild-Bode C, et al. (2001)
Ezrin-dependent promotion of glioma cell clono-
genicity, motility, and invasion mediated by BCL-2
and transforming growth factor-beta2. Journal of
Neuroscience 21: 3360-3368.

Ogino W, Takeshima Y, Mori T, et al. (2007) High
level of Ezrin mRNA expression in an osteosar-
coma biopsy sample with lung metastasis. Journal of
Pediatric Hematology/oncology 29(7): 435-439.

30.

31.

32.

33.

Xu-Dong S, Zan S, Shui-Er Z, et al. (2009) Expression
of Ezrin correlates with lung metastasis in Chinese
patients with osteosarcoma. Clinical and Investigative
Medicine 32: E180-E188.

Salas S, Bartoli C, Deville JL, et al. (2007) Ezrin and
alpha-smooth muscle actin are immunohistochemical
prognostic markers in conventional osteosarcomas.
Virchows Archiv 451(6): 999-1007.

Popoff MR and Geny B (2009) Multifaceted role of
Rho, Rac, Cdc42 and Ras in intercellular junctions,
lessons from toxins. Biochimica Et Biophysica Acta
1788(4): 797-812.

Zheng S, Huang J, Zhou K, et al. (2011) 7 beta-
estradiol enhances breast cancer cell motility and
invasion via extra-nuclear activation of actin-binding
protein Ezrin. Plos One 6: €22439.





