
Journal of Histochemistry & Cytochemistry 59(11) 1001 –1008
© The Author(s) 2011
Reprints and permission:  
sagepub.com/journalsPermissions.nav
DOI: 10.1369/0022155411418661
http://jhc.sagepub.com

Ezrin, a membrane-cytoskeleton linker protein, is a member 
of the ERM (Ezrin-Radixin-Moesin) family and is well 
documented to participate in a wide variety of cellular pro-
cesses such as cell adhesion, cell survival, cell motility, 
extracellular matrix interactions, cell-cell communication, 
apoptosis, development, carcinogenesis, and metastasis 
(Bretscher et al. 2002; Saotome et al. 2004; Fehon et al. 
2010). Moreover, it has been reported to be involved in the 
regulation mechanism of signal transduction by binding 
tyrosine kinase (Gould et al. 1989).

Ezrin was first identified as a downstream target of epi-
dermal growth factor (EGF) signaling and isolated from 
microvilli (Bretscher 1983; Pakkanen 1988; Hanzel et al. 
1989). It contains a globular N-terminal domain similar to 
the N-terminus of the superfamily of band 4.1 proteins 

(Correas et al. 1986). Certain reports have described the 
expression of ezrin. In adult mouse tissues, ezrin was 
expressed at high levels in small intestine, stomach, lung, 
pancreas, and kidney; at intermediate levels in spleen, thy-
mus, lymph nodes, and bone marrow; at very low levels in 
heart, brain, and testis; and undetectable in muscle and liver 
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Summary

Ezrin, which cross-links the cytoskeleton and plasma membrane, was involved in a wide variety of cellular processes. Here, 
to investigate the distribution of ezrin, tissue microarray technology was employed to perform immunohistochemical 
experiments on human embryos, fetuses at 4 to 22 weeks’ gestation, and adult tissue specimens. Results showed that ezrin 
was widely expressed in the gastrointestinal tract throughout the human developmental stages studied. At 6 to 8 weeks’ 
gestation, ezrin was found in epithelial cells, and this staining pattern was particularly pronounced in the brush border of 
mature absorptive cells lining the villus in later developmental stages and adult tissues. Throughout neural development, 
ezrin was only expressed in the neural tube at 4 weeks’ gestation. Ezrin was also detected in the cortex and medulla of the 
adrenal gland at 8 to 12 weeks’ gestation, whereas its immunoreactivity was increased from the zona glomerulosa through 
the zona reticularis and was essentially undetectable in the adrenal medulla of adult tissues. Significant expression of ezrin 
was seen throughout development in the kidney, spleen, lymph nodes, and cells of stratified squamous epithelia. However, 
ezrin was undetectable in lung, liver, heart, and blood vessels. These results demonstrated that the expression pattern of 
ezrin was highly time specific and tissue specific. (J Histochem Cytochem 59:1001–1008, 2011)
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(Berryman et al. 1993; Shaffer et al. 2010). Expression of 
ezrin has also been detected in human transformed cells and 
carcinoma cells (Ohtani et al. 1999; Schindelmann et al. 
2002; Kobayashi et al. 2003; Koon et al. 2004; Elliott  
et al. 2005; Yang et al. 2005; Craven et al. 2006; Madan  
et al. 2006; Kobel et al. 2006; Zhang Y et al. 2006; Zeng et al. 
2006; Deng et al. 2007; Song et al. 2007; Wong et al. 2007; Bal 
et al. 2007; Torer et al. 2007; Gao et al. 2009; Xie et al. 2011) 
and in animal models during early fetal development (Gould et 
al. 1986; Barilá et al. 1995; Gimeno et al. 2004; Richter et al. 
2004). However, little is known about the systematic expres-
sion of ezrin in human fetal and embryonic tissues.

In this study, to better understand the function of this 
important cytoskeletal regulator in human development, we 
demonstrated the expression of ezrin in human embryos, 
fetuses, and normal adult tissues by employing tissue 
microarray technology and immunohistochemical staining.

Materials and Methods
Cell Lines and Western Blotting

Esophageal cancer cell lines EC109 and KYSE180 were 
respectively maintained in 199 medium (Invitrogen, Carlsbad, 
CA) or DMEM (Invitrogen) containing 10% fetal calf serum. 
Cells were incubated at 37C in a humidified atmosphere of 5% 
CO

2
 in air. Western blotting was performed as described before 

(Xie et al. 2009). Ezrin/Radixin/Moesin Antibody (#3142; Cell 
Signaling Technology, Danvers, MA), Ezrin (C19) Antibody 
(sc6407; Santa Cruz Biotechnology, Santa Cruz, CA), and 
Ezrin (3C12) Antibody (MS-661-P; Lab Vision, Fremont, CA) 
were employed in Western blotting analysis.

Samples
Forty human samples were used consisting of 3 embryos, 
11 fetuses, and 26 postnatal specimens, as summarized in 
Table 1. Intact embryos and fetuses were acquired from the 
Gynecology & Obstetrics Department of Shantou Central 
Hospital. Samples were collected from 14 healthy pregnant 
women undergoing elective termination of pregnancy at 4 
to 22 weeks’ gestation. Specimens were immediately fixed 
in 4% buffered formalin solution, and subsequently, visible 
organs were embedded in paraffin blocks. Normal human 
tissue sections (from autopsy specimens) were acquired 
from the Department of Forensic Medicine of Shantou 
University Medical College. These specimens were col-
lected from 2002 to 2005. The following tissues were col-
lected: cerebellum, cerebrum, lung, trachea, heart, 
esophagus, stomach, large intestine, small intestine, liver, 
pancreas, kidney, spleen, thymus, lymph node, pituitary, 
adrenal gland, and thyroid gland. All research was carried 
out with the permission of local ethics committees.

Construction of Tissue Microarrays

Representative regions of each tissue were selected from 
hematoxylin- and eosin-stained sections and marked on 
individual paraffin blocks. Samples were chosen from 
those specimens for which more tissues were available so 
that availability of tissue for correlative studies would not 
be compromised. Two tissue cores were obtained from each 
specimen measuring 1.8 mm in diameter and ranging in 
length from 1.0 to 3.0 mm depending on the depth of tissue 
in the donor block (Zhang FR et al. 2008). Each core was 
precisely arrayed into a new paraffin block. These microar-
rays were serially sectioned (4 µm), and stained with hema-
toxylin and eosin to verify tissue sampling and completeness. 
Unstained sections were baked overnight at 56C in prepara-
tion for immunohistochemistry.

Immunohistochemical Staining
Slides were dried in an oven (55–60C) before removing par-
affin in several changes of xylene and hydrated through a 
series of graded alcohols to water, followed by incubation 
with 3% hydrogen peroxide for 10 min. For antigen retrieval, 
slides were autoclaved in 0.01 M citrate buffer (pH 6.0) at 
120C for 3 min. Sections were then incubated with 10% 
normal goat serum in PBS for 15 min at room temperature to 
block nonspecific binding. After rinsing with PBS, slides 
were incubated overnight at 4C with mouse anti-human ezrin 
monoclonal antibody (1:400 dilution; Lab Vision). After 
rinsing with PBS, tissue sections were incubated for 15 min 
at room temperature with polymer helper solution (Polymer 
Detection System Kit, Golden Bridge International, Inc.; 
Mukilteo, WA), then rinsed with PBS. Slides were then incu-
bated for 20 min at room temperature with streptavidin  
peroxidase-conjugated goat anti-mouse IgG (Polymer 

Table 1. Description of Specimens

Human Stages Number of Cases

Embryo 3
 4 weeks’ gestation 1
 5–8 weeks’ gestation 2
Fetus 11
 9–12 weeks’ gestation 5
 13–16 weeks’ gestation 3
 17–22 weeks’ gestation 3
Postnatal stages 26
 P1: Neonate (<28 days) 5
 P2: 1–19 years 6
 P3: 20–39 years 11
 P4: >40 years 4
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Detection System Kit, Golden Bridge International). 
Subsequently, slides were stained with 0.003% 3,3-diamino-
benzide tetrahydrochloride and 0.005% hydrogen peroxide 
in 0.05 M Tris-HCl (pH 7.2) and counterstained with 
Mayer’s hematoxylin, dehydrated, and mounted. A meta-
static esophageal carcinoma shown previously to have 
immunoreactivity (Zeng et al. 2006) was used as a positive 
control in each series of experiments. Negative controls were 
prepared by substituting PBS for primary antibody.

Ezrin-positive samples were defined as those showing 
brown signals in the cell membrane and cytosol. Immuno-
reactivity was measured semiquantitatively using a scale 
from (–) to (+++), where (–) indicates no detectable immu-
nostaining, (+) represents fewer than 25% of the cells are 
reactive, (++) represents 25% to 50% of the cells are reac-
tive, and (+++) represents more than 50% of the cells are 
reactive. Finally, scales of (–), (+), (++), and (+++) were 
judged as negative, weakly positive, moderately positive, 
and strongly positive staining, respectively.

Results
First, we analyzed the specificity of the antibodies used in 
this study. Three ezrin antibodies were subjected to Western 
blotting to detect the expression of ezrin in two esophageal 
cancer cell lines. Results showed that two bands correspond-
ing to ezrin/radixin (80 kDa) and moesin (75 kDa) were 
present when blotted by using antibody #3142 and antibody 
sc6407, suggesting that ezrin, radixin, and moesin were all 
expressed in the two cell lines (Fig. 1A,B). When blotted by 
using antibody MS-661-P, only one specific band (80 kDa, 
ezrin) was obtained, indicating that antibody MS-661-P was 

specific for ezrin detection, and it was selected for immuno-
histochemical staining (Fig. 1C).

Table 2 summarizes the findings for all tissues studied. 
Expression of ezrin was heterogeneous among postnatal tis-
sues of different origin, but in a given tissue, no variations 
were observed in the intensity of ezrin in different postnatal 
stages. During embryonic and fetal development, however, 
differential expression of ezrin can be seen.

Ezrin Expression in the Alimentary System
A very specific expression pattern of ezrin was observed in 
the gastrointestinal tract throughout human developmental 
stages. Ezrin protein was expressed in glandular epithelium 
and exhibited a pronounced immunoreactivity in the brush 
border of mature absorptive cells lining the villus (Figs. 2A 
and 1B). At 6 to 8 weeks’ gestation, ezrin expression was 
mainly found in epithelial cells of the gastrointestinal tract 
(Fig. 2C). Interestingly, this staining pattern was particu-
larly pronounced in embryonic smooth muscle cells (Fig. 
2C) and gastric parietal cells. Ezrin protein was also present 
in cells of esophageal squamous epithelium (Fig. 2D) but 
undetectable in liver (Fig. 2E).

Ezrin Expression in the Nervous System
In the development of the nervous system, expression of 
ezrin was detectable in early embryos and undetectable in 
later developmental stages. At 4 weeks’ gestation, neuro-
epithelium of the neural tube showed ezrin staining (Fig. 
2F). However, in fetuses and adult tissues, no ezrin immu-
noreactivity was observed in nerve cells and fibers of the 
cerebrum (Fig. 2G,H) and in all cells of the Purkinje cell 
layer, granular layer, and molecular layer of the cerebellum 
(Fig. 2I,J).

Ezrin Expression in the Genitourinary 
System
In kidney, epithelial cells of the acinus renis demonstrated 
strong ezrin staining throughout human development (Fig. 
3A). Epithelial cells of the pars convoluta of the proximal 
tubule showed strong and uniform expression of ezrin, 
whereas epithelial cells of the distal tubule and collecting duct 
were moderately positive (Fig. 3B). Ezrin expressions in lad-
der epithelium and prostate tissues were all undetectable.

Ezrin Expression in the Endocrine System
Examination of endocrine organs presented no ezrin reactiv-
ity in follicular cells and C cells of the thyroid gland through-
out human development (Fig. 3C). In the anterior pituitary, 
no staining for ezrin was shown in most cells except for the 

Figure 1. Western blotting analysis of extracts from two 
esophageal cancer cell lines by using different ezrin antibodies. 
(A) Blotted by using Ezrin/Radixin/Moesin Antibody (Cell Signaling 
Technology, #3142). This antibody has cross-reactivity with radixin 
and moesin and is recommended for detection of ezrin, radixin, 
and moesin. (B) Blotted by using Ezrin (C19) Antibody (Santa Cruz 
Biotechnology, sc6407). This antibody also has cross-reactivity 
with radixin and moesin and is recommended for detection of 
ezrin, radixin, and moesin. (C) Blotted by using Ezrin (3C12) 
Antibody (Lab Vision, #MS-661-P). This antibody is recommended 
for detection of ezrin.
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basophilic cells, which showed moderately positive staining. 
In the adrenal gland, the cortex and medulla showed a strong 
ezrin-positive reaction at 8 to 22 weeks’ gestation (Fig. 3D). 
However, in later stages of development, this protein in par-
ticular existed in cells of the inner layers of the cortex, was 
decreased in the peripheral cortex, and was undetectable in 
the medulla (Fig. 3E,F).

Ezrin Expression in Other Systems

In the cardiovascular system, ezrin was undetectable in the 
vascular endothelial cells and myocardial cells (Fig. 3G). In 
the respiratory system, an intriguing pattern of ezrin 
expression was seen in the epithelium of the fetal trachea, 
although no definite reactivity was seen in cells of the lung 

Table 2. Distribution of Ezrin in Normal Human Tissues Determined by Immunostaining

Findings

 Embryo Fetus Postnatal Stages

Organ/System Tissue
4–8 Weeks’ 
Gestation

8–16 
Weeks’ 

Gestation

17–22 
Weeks’ 

Gestation
P1: <28 
Days

P2: 1–19 
Years

P3: 20–39 
Years

P4: >40 
Years

Nervous system
 Nerve cell ++ – – – – – –
 Nerve fiber – – – – – – –
Cardiovascular system
 Heart – – – – – –
 Artery – – – – – –
Respiratory system
 Lung – – – – – – –
 Trachea + + – – – –
Alimentary system
 Gastrointestinal tract Epithelium mucosae ++ – – – – – –
 Glandular epithelium ++ ++ ++ ++ ++ ++
 Smooth muscle ++ ++ – – – –
 Liver – – – – – – –
 Pancreas – – – – – – –
Genitourinary system
 Kidney Glomerulus ++ ++ ++ ++ ++ ++
 Proximal tubule +++ +++ +++ +++ +++ +++
 Distal tubule ++ ++ ++ ++ ++ ++
 Collecting duct ++ ++ ++ ++ ++ ++
 Urothelium – – – –
 Prostate gland – – – –
Endocrine system
 Adrenal gland Zona glomerulosa +++ +++ + + + +
 Zona fasciculata +++ +++ + + + +
 Zona reticularis +++ +++ +++ +++ +++ +++
 Medulla +++ +++ – – – –
 Thyroid gland – – – – –
 Pituitary – – – – –
Immune system
 Spleen ++ ++ ++ ++ ++ ++
 Lymphoid node + + + +
 Thymus + +  
Skin Basal layer ++ ++ ++ ++ ++ ++

Immunoreactivity was measured semi-quantitatively using a scale from (–) to (+++): (–) no immunostaining, (+) less than 25% of the cells are reactive, 
(++) 25% to 50% of the cells are reactive, and (+++) more than 50% of the cells are reactive. Scales of (–), (+), (++), and (+++). (+) and (–) denote 
relative staining intensities as judged visually by microscopy. However, we cannot exclude the possibility that trace amounts of these proteins were 
undetectable in some cells judged negative.
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throughout human developmental stages (Fig. 3H). In 
lymph tissues, the lymphocytes in spleen stained strongly 
as well as small B cells and large B cell blasts (Fig. 3I). 

Ezrin protein was present in some lymphocytes in the red 
pulp and absent in white cell precursors, red cells, and 
endothelial cells. In thymus, ezrin was most prevalent in the 

Figure 3. Expression of ezrin in the genitourinary system, endocrine system, and other systems of human embryonic, fetal, and normal 
adult tissues. (A) Ezrin showed a strong staining in epithelial cells of the acinus renis (40×). (B) Ezrin was strongly positive in the acinus 
renis (triangles) and epithelial cells of the pars convoluta of the proximal tubule (arrowheads) and moderately positive in epithelial cells 
of the distal tubule (arrows) at 22 weeks’ gestation (200×). (C) Ezrin was undetectable in adult thyroid (40×). (D) At 12 weeks’ gestation, 
adrenal cortex and medulla showed strong reactivity (200×). (E) Ezrin was positive in the adult adrenal gland (40×). (F) In normal adult 
adrenal gland, ezrin immunoreactivity was exhibited in cells of the zona reticularis (arrow) and decreased in the zona glomerulosa 
(rectangle) and undetectable entirely in the medulla (triangle) (200×). Ezrin was undetectable in adult heart (G, 40×) and lung (H, 40×) 
but weakly positive in adult spleen (I, 40×). (J) Ezrin protein was present in subcapsular lymphocytes of the thymus and pronounced in 
Hassall’s corpuscle epithelial cells (triangle) (200×).

Figure 2. Expression of ezrin in the alimentary system and the nervous system of human embryonic, fetal, and normal adult tissues. 
Ezrin-positive reactivity was defined as those showing brown spotting. (A) Ezrin was positive in adult intestine (40×). (B) Ezrin protein 
was mainly expressed in the brush border (triangles) of the absorptive cells of the gastrointestinal tract (200×). (C) Immunoreactivity 
for ezrin was present in epithelial cells (triangles) and smooth muscle cells (arrows) of the gastrointestinal tract at 8 weeks’ gestation 
(200×). Ezrin was expressed in adult esophagus (D, 40×) but was undetectable in liver tissues (E, 40×). (F) Medullary epithelium and all 
nerve cells showed significant expression of ezrin at 4 weeks’ gestation (200×). (G–H) Ezrin was undetectable in the nervous system of 
fetuses and adults. (G) Cerebrum (40×). (H) Nerve fibers and cells of the cerebrum (200×). (I) Cerebellum (40×). (J) Cells of Purkinje cell 
layer (arrows), granular layer, and molecular layer of the cerebellum (200×).
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subcapsular lymphocytes and Hassall’s corpuscle epithelial 
cells (Fig. 3J). Trophoblastic tissue decidua basalis cells in 
placenta were ezrin positive, but ezrin was undetectable in 
mesenchymal fibers.

Discussion
The present study is the first systematic demonstration of 
the immunoreactive presence of ezrin in human embryonic, 
fetal, and normal adult tissues. Results showed that expres-
sion of ezrin was heterogeneous among postnatal tissues of 
different origin, but in a given tissue, no variations were 
observed in the intensity of ezrin in different postnatal 
stages. In addition, during embryonic and fetal develop-
ment, ezrin expression was diverse. These results suggest 
that ezrin expression is highly tissue specific and time  
specific.

Others have reported that high levels of ezrin transcripts 
were detected in the lung of adult mouse (Gould et al. 1986). 
Here we showed that no immunostaining was detectable in 
cells of the human lung. In the development of the nervous 
system, however, we found that ezrin expression was found 
only in the neuroepithelium of the neural tube in early 
embryos, which is consistent with some previous studies 
showing ezrin-positive expression in the roof plate of neu-
ral tubes in young and middle-gestation mouse embryos 
(Gimeno et al. 2004), in the fine filopodia of astrocytes of 
rat brain (Derouiche and Frotscher 2001; Grönholm et al. 
2005), and within radial glia in prenatal human cerebrum 
(Johnson et al. 2002). In addition, ezrin was positive in the 
glandular epithelium and remarkably expressed in the brush 
border of mature absorptive cells lining the villus, which 
were extremely similar to the expression of ezrin in the 
enterocytes of the rat gastrointestinal tract (Barilá et al. 
1995) and in the foregut (pharynx) of chick gastrula stage 
embryos (Richter et al. 2004). These findings suggest that 
ezrin is an evolutionarily conserved protein.

The differential expression of ezrin in human embryonic, 
fetal, and normal adult tissues suggests that it was adapted to 
tissue-specific and cell-specific throughout human develop-
ment. Our results showed that in the normal cells of the liver, 
lung, heart, and blood vessels, ezrin expression is undetectable. 
However, ezrin expression is abundant in the spleen and kid-
ney, and at the cellular level, ezrin expression is specific to 
lymphocytes and intestinal epithelium. In addition to a broad 
range of simple epithelial cell types, mature cells of the outer-
most stratified layers display a distribution of ezrin in skin and 
esophagus tissue (Zeng et al. 2006; Park et al. 2010; Xie  
et al. 2011). We also found that ezrin is expressed in stratified 
epithelia. A notable characteristic common to these normal, 
specialized ezrin-positive cells is that ezrin concentrates at the 
apical actin-rich surface structures such as microvilli, mem-
brane ruffles, and protrusions. These results confirm some pre-
vious findings on the distribution of ezrin in differentiating 

intestinal epithelial cells (Bretscher 1989; Hanzel et al. 1991), 
suggesting that ezrin might play a physiological role in the 
assembly or stabilization of actin-containing cell surface 
structures.

Another point that should be highlighted is that expression 
of ezrin has been found to be time specific during human 
development. Ezrin immunoreactivity is positive in early 
embryo stages but undetectable during both later develop-
ment and postnatal stages. For example, the nerve cells of the 
neural tube exhibit ezrin expression at 8 to 12 weeks’ gesta-
tion, whereas ezrin is undetectable in derivative tissues at 
later stages of development, such as cerebral tissue, the cer-
ebellum, the medulla of the adrenal gland, and even adult 
nervous tissue. In addition, a pronounced expression pattern 
for ezrin has been detected throughout the gastrointestinal 
tract at early fetal stages, whereas cells of the muscular layer 
are essentially undetectable at postnatal stages, suggesting 
that ezrin might be more important in early development. 
These results are consistent with previous reports showing 
that ezrin is involved in certain early development events 
such as oocyte polarity, mitosis, epithelial morphogenesis, 
and integrity (Fehon et al. 2010; Larson et al. 2010). The pre-
cise mechanism for the upregulation of ezrin protein at early 
developmental stages needs further study.

Recently, reports have shown that ezrin was upregulated 
in several tumors, including prostatic intraepithelial neo-
plasma (Pang et al. 2004), pancreatic adenocarcinoma 
(Tokunou et al. 2000), breast carcinoma (Sarrió et al. 2006), 
and hepatocellular carcinoma (Zhang Y et al. 2006), and 
participated in the regulation of cell growth, invasiveness, 
adhesion, and metastasis (Xie et al. 2009; Khanna et al. 
2004). In the present study, we found no immunoreactivity 
for ezrin in hepatocytes throughout developmental stages. 
Thus, the alteration of ezrin expression might play impor-
tant roles in the progression of these cancers, and the 
expression of ezrin can be used as a tool for diagnosis. 
These findings also support that several aspects of ezrin 
expression have been evolutionary conserved across verte-
brates (Ohtani et al. 2002; Pang et al. 2004; Zeng et al. 
2006).
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