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Abstract

Objectives. To analyse whether the alterations in the structure and organization of microvilli in salivary

acinar cells from SS patients are linked to changes in the expression and/or cellular localization of ezrin.

Methods. Salivary gland (SG) acini from controls and SS patients were used to evaluate ezrin expression

by western blot and localization of total and activated (phospho-Thr567) ezrin by IF and EM.

Results. In acini from control labial SGs, ezrin was located predominantly at the apical pole and to a

lesser extent at the basal region of these cells. Conversely, in acini extracts from SS patients, ezrin

showed significantly elevated levels, which were accompanied with localization mostly at the basal

region. Moreover, F-actin maintained its distribution in both the apical region and basolateral cortex;

however, it was also observed in the acinar cytoplasm. Phospho-ezrin (active form) was located exclu-

sively at the apical pole of acinar cells from control subjects and abundantly located at the basal

cytoplasm in SS samples. These results were confirmed by immunogold studies.

Conclusions. The decrease of ezrin and phospho-ezrin at the apical pole and the cytoplasmic redistri-

bution of F-actin suggest an altered interaction between the F-actin-cytoskeleton and plasma membrane

in SS patient acini, which may explain the microvilli disorganization. These alterations could eventually

contribute to SG hyposecretion in SS patients.
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Introduction

SS is a chronic autoimmune disease that affects up to

4 million Americans with an estimated incidence of 3–

5% [1]. SS occurs primarily in women, with a 9 : 1 ratio

over the occurrence in men. SS is clinically characterized

by dry eyes and mouth [2]. Salivary and lachrymal hypo-

secretion in patients has been associated with various

factors including autoantibodies against muscarinic-M3

receptors [3], acinar atrophy [4] and increased levels of

cholinesterase [5]. However, in a significant number of

SS patients with hyposecretion these alterations are

absent, thus the correlation between the observed

changes and dryness remains controversial [5, 6]. We

reported previously that acini from SS patients present

alterations in structural components of the acinar apical

pole including a dilated lumen, loss of microvilli and struc-

tural changes in the remaining microvilli [7]. As the pro-

teins involved in the exocytosis of secretory granules are

localized in the apical pole of acinar cells, the study of this

subcellular compartment is highly relevant for a better

understanding of the hyposecretion suffered by SS

patients.

Proteins of the ezrin, radixin and moesin family (ERM)

are ubiquitous and co-localize with F-actin at cellular

apical surfaces, such as filopodia, membrane ruffles and

microvilli [8], providing a regulated link between the
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plasma membrane and the actin cytoskeleton [9]. Ezrin is

expressed in epithelial cells where it associates with

microvilli [10, 11]. Activation of ezrin is required for its

binding to both membrane proteins and to the actin

cytoskeleton. The transition from a closed to an open

conformation is necessary to unmask binding sites

(C-terminal, C-ERMAND; N-terminal N-ERMAND) [12].

Phosphorylation of threonine 567 (Phospho-Thr567)

as well as interactions with phosphatidylinositol-4,5-

bisphosphate (PIP2) open the dormant form, freeing the

C-ERMAND to bind actin and the N-ERMAND to bind

membrane proteins. This conformation is known as the

‘active’ form of ezrin [13]. In Ezrin�/� mice, the apical

domains of intestinal and retinal pigment epithelial cells

exhibit morphological defects [8, 14]. Particularly, ezrin

knockdown in intestinal cells produces severe achlorhy-

dria as a result of impaired formation of the canalicular

apical membrane [15]. This evidence suggests that ezrin

is essential for the morphogenesis and function of polar-

ized epithelial cells. Considering the altered morphology

of the apical pole of salivary gland (SG) acinar cell from SS

patients [7], we compared the expression and localization

of ezrin, P-ezrin and F-actin in SG acini from SS patients

and control subjects to determine if changes in ezrin

expression and/or activation are implicated in the alter-

ations of the apical pole organization of acinar cells

and could lead to gland hyposecretion in these

individuals.

Materials and methods

Patients and biopsies

All subjects were informed about the aims and procedures

of the study and signed a written informed consent. The

Ethics Committee of the Faculty of Medicine, University

of Chile, approved the study. The individuals were subject

to a complete clinical analysis and selected for patient or

control group as we previously described [16]. Twelve

SS patients [mean age (range): 33 (22–55) years]

were diagnosed according to the American–European

Consensus criteria [17]. Nine control subjects [mean age

(range): 52 (31–75) years] were selected from individuals

who did not fulfil primary SS classification criteria. Labial

SGs (LSGs) were surgically removed according to the pro-

cedure of Daniels [18] and kept briefly in cold phosphate-

buffered saline (PBS) or snap-frozen in liquid nitrogen and

stored at �80�C until processed.

Isolation of acini and ducts from LSGs

Acini and ducts were isolated from LSGs as previously

described in Perez et al. [19].

Processing LSGs and isolated acini for confocal
microscope analysis

Whole LSGs were fixed for 6 h in 1% paraformaldehyde in

PBS pH 7.2, and processed according to standard proto-

cols. Antigen retrieval was performed using 0.01 M citrate

buffer, pH 6.0 at 90�C, for 20 min followed by 40 min

at room temperature (RT). Isolated acini samples were

fixed for 20 min in Trevor’s fixative, then washed twice in

150 mM Tris–HCl, pH 7.4 and once in PBS; followed by

incubation in 100% methyl alcohol for 10 min at �20�C

and blocked with 0.25% casein–PBS. Acini were adhered

to silane coated slides and incubated with primary anti-

bodies diluted in 0.25% casein–PBS for 16 h at 4�C. To

detect P-ezrin, samples were fixed in 10% TCA for 10 min

at 4�C followed by 0.2% Triton X-100 for 10 min [20] fol-

lowed by blocking with 0.25% casein–PBS before incuba-

tion with anti-phospho-ezrin antibody. Alexa-Fluor-

conjugated secondary antibodies diluted in PBS were

incubated on slides for 1 h at RT. Nuclei were visualized

using 1mg/ml propidium iodide, 1 mg/ml RNAse A in PBS,

pH 7.4 for 1 min and F-actin was detected with Alexa-

Fluor-546 phalloidin (Molecular Probes; Invitrogen,

Eugene, OR, USA). Immunostained acini were mounted

using 60% glycerol, 7% mowiol and 2% 1,4-diazabicy-

clo[2.2.2]octane (DABCO) and optical sections (0.8 mm)

located at the middle of each acini were recorded

using an LSM-140 Axiovert-10.0 confocal laser scan-

ning microscope (Zeiss, Deutschland, Germany).

Unrelated immunoglobulin was used as negative control.

Immunogold labelling and quantification

LSG samples from each patient were fixed at 4�C for 18 h

in 4% paraformaldehyde, 0.2% picric acid, 0.5 M CaCl2,

1% glutaraldehyde in PBS pH 7.4 and then rinsed over-

night in PBS supplemented with 0.5 mM CaCl2, 3.5%

sucrose. Free aldehydes were blocked using 50 mM

NH4Cl in cacodylate buffer for 1 h at 0�C. Free phosphates

were removed by washing samples four times for 15 min

in 3.5% sucrose, 0.1 M sodium maleate, pH 6.5. The sam-

ples were stained in 2% uranyl acetate in 1% maleate

buffer, pH 7.4 for 2 h at 0�C. Samples were then dehy-

drated in ethanol and embedded in resin LR Gold.

Sections were obtained using a Porter–Blum ultramicro-

tome (Sorvall MT-2; Thermo Electron Corporation,

Asheville, NC, USA) mounted over grids and processed

for immunogold. Tissue sections were washed in

Tris-buffered saline (TBS), blocked with 1% BSA, 0.1%

Tween-20 in TBS for 10 min, and subsequently incubated

with the primary anti-ezrin antibody diluted 1: 50 in TBS for

90 min at RT. Pre-immune mouse serum was used as a

negative control. After washing in TBS the grids were

incubated with secondary antibody conjugated to 15-nm

gold particles for 1 h at RT. Sections were then stained

with uranyl acetate and observed in transmission electron

microscope (EM-109; Zeiss). Images were digitalized

(SnapScan e5; Agfa-Gevaert N.V, Mortsel, Belgium). The

relative distribution of immunogold signal in both the

apical and basal cytoplasm in acinar cells was determined

on at least five microphotographs from SS patients and

controls. Microphotographs that contained acinar lumen

or tight junctions (representing the apical pole) and

nuclear matrix or cytoplasm (representing the basal pole

of the cell) for each sample were analysed. The total den-

sity was obtained by counting gold particles number using

J software (Rasband WS, NIH, Bethesda, MD, USA) in

Golgi, rough endoplasmic reticulum, secretory granules,
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mitochondria and the apical and the basolateral plasma

membrane, including microvilli. The net gold particle

number (total number of particles less background

number of particles) was divided by the total area ana-

lysed (mm2) to obtain the total particle density value

(gold particles/mm2). Finally, the percentage of gold parti-

cles in the apical and basal poles was calculated respec-

tive to the total particle density value.

Immunoblot analysis

To detect ezrin, pelleted acini were homogenized and

protein extracts were obtained and processed for

PAGE and immunoblot as was previously reported [21].

The anti-ezrin antibody was used at a 1: 500 dilution in

blocking buffer for 1 h at RT, washed three times 10 min

in TBT and incubated with secondary antibodies at a dilu-

tion of 1: 5000 for 1 h at RT. To detect phospho-ezrin, an

aliquot of the acini suspension was incubated for 20 min at

4�C in 10% trichloroacetic acid (TCA). TCA was removed

by washing with 150 mM Tris–HCl, pH 7.4 before homog-

enization. Ezrin and phospho-ezrin bands were analysed

densitometrically (UN-Scan-IT; Silk Scientific Corporation,

UT, USA) and values obtained were normalized to those of

b-actin.

RT–PCR

Total RNA from the acini fraction of one control and

three SS patients, was obtained using the RNeasy

Mini Kit according to the manufacturer’s instructions

(Qiagen, Valencia, CA, USA). RNA quality was assessed

and RT–PCR was performed according to Perez et al. [22].

The following specific primers for human ezrin were used:

forward 50-CAC GCT TGT GTC TTT AGT GCT TC-30,

reverse 50-GCA TCT TGT ATC ACA CAG GC-30. See

details of reagents and antibodies in supplementary data

(available at Rheumatology Online).

Statistical analysis

Normalized data were processed to calculate the mean

(S.D.). Statistical analyses of the data were performed

using descriptive statistics and Mann–Whitney test to

assess the significance between groups. P< 0.05 was

considered statistically significant.

Fig. 1 Ezrin localization in LSGs from SS patients and controls.

Indirect IF images of paraffin sections (A, B) and fresh acini adhered to glass slides (C, D) were incubated with a

mouse antibody to human ezrin (green) and propidium iodide (PI, red) as described in the ‘Materials and methods’

section. (A) An LSG section from a control subject. (B) An LSG section from an SS patient. White arrows indicate

inflammatory cells expressing ezrin. (B0) Boxed area in B showed at higher magnification (1.5�). (C, D) Confocal sections

(0.8 mm) of representative acini from control (C) and SS patient (D). Yellow arrows indicate the location of acini lumen.

White arrows indicate the changed location of ezrin immunoreactivity in the basal pole of the acini cells. Bars correspond

to 15 mm.
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Results

Ezrin localization in sections of LSGs and in acini

IF studies of glandular sections were performed to identify

as to which cells expressed ezrin in LSGs, (Fig. 1A and B).

Ezrin expression was not seen in myoepithelial, endothe-

lial or fibroblast cells. In control samples, ezrin was

detected in both acinar and ductal cells and was located

mainly in the apical area of these cells, adjacent to the

lumen (Fig. 1A). In SS patients, ezrin immunoreactivity

was lower in the apical area and higher in basal cytoplasm

(Fig. 1B and B0) and it was also detected in the cytoplasm

of inflammatory cells (Fig. 1B, white arrows). As both epi-

thelial and inflammatory cells express ezrin, we isolated

a fraction enriched in acini from LSG to eliminate the ezrin

produced by inflammatory cells. In acini from control sub-

jects, intense immunoreactivity was observed at the apical

surface with little to no reactivity in the basal cytoplasm

(Fig. 1C). Conversely, the ezrin signal in acini from

SS patients presented a marked intensity in the basal

cytoplasm, but scarce immunoreactivity at the apical

area (Fig. 1D).

Ezrin messenger RNA and protein levels in acinar cells

To analyse whether the changes observed in ezrin distri-

bution in SS patients correlated with changes in ezrin

gene expression and/or protein levels, RT–PCR and

immunoblot assays were performed on epithelial cells.

RT–PCR assays were performed using acinar cDNA

from three SS patients and one control individual. Ezrin

mRNA levels were higher in SS patients than in the control

sample (Fig. 2A). Immunoblot analysis for ezrin identified a

unique band of �80 kDa in both the groups. Densitometric

analysis demonstrated that ezrin protein levels in SS

patients [0.59 (0.12)] were significantly higher (P = 0.037)

than in controls [0.23 (0.1)] (Fig. 2B and C).

Localization and levels of active ezrin

The link between the actin-cytoskeleton and plasma

membrane is considered a functional indicator of active

ezrin [23], and therefore we performed confocal IF

to determine if ezrin and F-actin co-localize in acini

(Fig. 3A). In control acini, ezrin localization was coincident

with zones having high reactivity for F-actin in the apical

area of cells lining the lumen and in the basolateral cortex

(Fig. 3A, control). In SS patients, ezrin was mainly located

in the basal cytoplasm of acinar cells, whereas F-actin not

only maintained its distribution in both the apical region

and basolateral cortex, but it was also observed in the

cytoplasm (Fig. 3A, patient). P-ezrin was detected exclu-

sively in the apical surface of acinar cells from controls

(Fig. 3B, control). On the contrary, in SS patients P-ezrin

was observed mainly in the basal cytoplasm (Fig. 3B,

patient). Furthermore, we observed strong co-localization

between P-ezrin and total actin in the basal region

of acini from SS patients (data not shown). The levels of

P-ezrin were determined using immunoblot analysis

of acinar protein extracts treated with TCA from 6 of

12 patients. In these analyses, three of the six SS patients

studied demonstrated a decreased signal for P-ezrin

Fig. 2 Ezrin messenger RNA and protein levels in primary acini of LSGs from SS patients and healthy controls.

Total RNA and protein extracts from primary LSG epithelial cells were analysed by RT–PCR (A) and immunoblot (B, C). (A)

For each subject, three different amounts of total RNA were used for RT–PCR (600, 300 and 60 ng). Ezrin was detected as

a single band of 274 bp. Glyceraldehyde 3 phosphate dehydrogenase (GAPDH) was detected as a band of 650 bp.

Samples from three SS patients and one control are shown. (B) Gland extracts were probed by immunoblotting for ezrin

and b-actin (loading control). (C) Densitometry data of the immunoblot in (B). Ezrin signal was normalized against b-actin

for each individual and graphed in box plots. Boxes indicate mean (S.D.) of three independent immunoblots.
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Fig. 3 Localization and levels of P-ezrin and its relation with the actin cytoskeleton in acini of LSGs.

(A) Representative confocal IF images showing relation between ezrin (green) localization and F-actin (red) in acini from

control and SS patient LSGs. (B) Representative confocal IF images showing the localization of P-ezrin (green) and nuclei

(PI, red) in LSG acini from control and SS patients. Bars correspond to 10 mm. (C) Immunoblot analysis of P-ezrin and

b-actin (loading control) in acini from SS patients (n = 6) and controls (n = 4). (D) Densitometry data of immunoblot in

(C). P-ezrin signal was normalized against b-actin for each individual and graphed in box plots. Boxes indicate mean (S.D.)

of the immunoblot.
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(Fig. 3C). Statistical analyses showed a tendency towards

a decrease in the ratio P-ezrin/b-actin in patients with

respect to controls (P = 0.05; Fig. 3D).

Ultrastructural localization of ezrin in acini

Considering the limited resolution that IF provides, we

performed immunogold assays to determine the subcel-

lular localization of ezrin and its relationship with the ultra-

structural organization of the apical pole in acinar cells

with high resolution. In control samples, ezrin immunor-

eactivity was primarily associated with the apical microvilli

(Fig. 4A); however, in SS patients a lower signal was

observed only in the cytoplasm adjacent to the apical

plasma membrane (Fig. 4B). This low-intensity ezrin

signal was evident only in acini with disorganized microvilli

compared with those with apparently normal microvilli

from the same patient (data not shown). In addition,

ezrin immunoreactivity in the basal cytoplasm of acinar

cells from SS patients was notably higher than in controls

(Fig. 4C and D). These results confirm the changes in ezrin

distribution observed by IF, giving a better definition of

subcellular ezrin location and specifically showing the

changes observed in SS patients. Immunogold particles

were quantified by determining their density in the apical

microvilli and basolateral cytoplasm. The average signal

density in the microvilli of SS patient acini was five times

lower than that of controls (Fig. 4E). Conversely, the den-

sity of ezrin in the basal cytoplasm of acinar cells was

eight times higher in SS patients than that in controls

(Fig. 4E). Considering its structural function, the dec-

reased presence of ezrin in the apical pole of the acinar

cells of SS patients may explain the disruption of microvilli

structure described previously in these patients [16].

To address whether the changes described involve addi-

tional proteins from the apical pole of the acinar cells, we

evaluated the localization of two apical proteins, aqua-

porin 5 (AQP-5) and zonnula occludens 1 (ZO-1). AQP-5

is an integral plasma membrane protein channel that car-

ries water into the acinar lumen, which is found on the

apical membrane but not in the cytoplasm [24]. ZO-1 is

a cytosolic protein that, like ezrin, interacts with proteins in

the cellular membrane and is involved in organizing tight

junctions and in some signalling pathways [25]. In patients

and controls, AQP-5 was observed mostly at the apical

surface; however, some acinar cells showed immunoreac-

tion at the basal surface, corresponding to basal regions

where ezrin also showed a high signal (see supplementary

figure 1A and B available as supplementary data at

Rheumatology Online). Thus, these results support previ-

ous reports of redistribution of the apico–basal polarity of

AQP-5 in SS patients. ZO-1 showed the same location in

patients and controls.

Discussion

We determined for the first time that ezrin expression

in LSG acini from SS patients is higher than controls, dis-

playing important changes in apico–basal cytoplasm

distribution. The relocation of ezrin correlated with dis-

rupted microvilli structures that were consistently

observed in the LSGs of SS patients, additional changes

in intensity and distribution of actin were also observed.

These results suggest that the loss of ezrin in the apical

pole generates an altered relationship between the actin

cytoskeleton and the apical cellular membrane in acini,

which could modify the exocytosis process in acinar

cells of LSGs from SS patients.

We postulate two hypotheses to explain the changes in

the location of ezrin in SS patients. First, the mechanisms

that maintain the polarized localization of ezrin may be

altered. Scarce evidence has been reported about the

mechanisms of cytosolic protein sorting, but those

described for the location of apical proteins may be

used to help understand the cellular distribution of ezrin.

For example, a polarized distribution of actin isoforms has

been described in gastric parietal cells [26, 27]. Like ezrin,

b-actin is located in the apical pole of parietal cells,

whereas g-actin is located in the basolateral cytoplasm

[28]. It has been proposed that this polarized distribution

of b-actin is generated by the local translation of its mRNA

at the actin cytoskeleton [28]. If the normal mechanism

that results in the apical localization of ezrin is dependent

on the association of its mRNA with the cytoskeleton, then

changes observed in the actin cytoskeleton may explain

the loss of polarized ezrin in SS acini. A second explana-

tion is that the apical location of ezrin is dependent on its

interaction with proteins in the apical membrane. EBP50 is

a scaffolding protein important in the organization of

microvilli and in the location of ezrin in epithelial cells

[29]. In intestinal epithelial cells from EBP50 knockout

mice, ezrin is present mainly at the basal cytoplasm and

is less often associated with the actin cytoskeleton.

Furthermore, there is no detectable P-ezrin in the apical

region of epithelial cells [30]. This finding suggests that the

presence of EBP50 in the apical pole is necessary to

maintain the location of ezrin. The location of EBP50 is

now being studied in LSG acini from SS patients; prelim-

inary results show distribution similar to ezrin, suggesting

a tight functional association between both proteins (data

not shown).

The redistribution of ezrin shown here in LSG acini has

been described previously in lung, oesophageal and ovar-

ian cancer tissues, and is consistently correlated with

disorganized structures and loss of the differentiated phe-

notype [31–33]. There is evidence suggesting that subcel-

lular redistribution of ezrin plays an important role during

lung cell differentiation [34]. These observations suggest

that ezrin may act as a membrane–cytoskeletal linker to

strengthen the cell’s capacity to maintain its normal differ-

entiated phenotype [31, 32]. We have previously shown

changes in the post-translational modifications in salivary

MUC5B from SS patients [16]. If these changes are inter-

preted as part of a de-differentiation of acinar cells, the

alterations here observed in ezrin may be part of this phe-

nomenon. This hypothesis requires further investigation,

since we do not know the mechanism involved in the

ezrin redistribution in patients’ acinar cells.

LSG acini from 10/12 SS patients showed increased

levels of ezrin compared with controls. These data
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suggest a compensatory up-regulation of ezrin gene

expression in order to overcome defects in cytoskeletal

organization in SS patients. Although much is known

about ezrin function, there are few reports analysing the

regulation of ezrin expression. Among the signals that

have been related to ezrin overexpression are IL-11 and

TNF-a [35, 36].

There is a trend towards decreased activation of ezrin

in SS patients, even in the presence of higher levels of

ezrin protein. Although these results are preliminary, we

Fig. 4 Immunoelectron microscopy localization of ezrin in sections of LSGs from control (A, B) and SS patients (C, D).

Representative images from the apical zone of acinar cells are shown secretory granules (SG), acinar lumen (L) and

arrows indicate location of immunogold particles. (A–D) Insets show a higher magnification of immunogold particles.

(A, B and C, D) Representative images from the apical and basal pole of acinar cells are shown, respectively. Rough

endoplasmic reticulum (RER) and nucleus (N). Bars in (A) and (C) correspond to 0.2 mm and in (B) to 0.4 mm.

(E) Quantification of the gold particle density in SS patients and controls. Graphs depict the particle density of microvilli in

the apical pole or in the basal pole as a function of total particle density. Density is expressed as the amount of gold

particles per quadratic micrometre and bars illustrate mean (S.D.) of two sections per patient.
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suggest that ezrin expression and activation may be con-

trolled by independent mechanisms. Neither the kinases

implicated in the phosphorylation of ezrin nor the signals

involved in maintaining the integrity of the microvilli

have been analysed in the LSG. In endothelial cells,

TNF-a produces significant changes in the organization

of the cytoskeleton, which results in a decrease in ezrin

phosphorylation by protein kinase C (PKC) [35, 37].

Immunohistochemistry studies of the LSGs of SS patients

have shown a decrease in the expression for PKC-a and

-bII [38], and overexpression of TNF-a [39]. A TNF-

a-dependent decrease in the activity of PKC-a could

explain the decrease in P-ezrin levels seen in SS patients.

In summary, our results support the hypothesis that

relocation of ezrin may be involved in the disruption of

microvilli at the apical pole of LSG acini in SS patients.

Considering that the molecular machinery of exocytosis is

located in this domain of the plasma membrane, the

changes observed here could eventually be related to

the hyposecretion suffered by SS patients.

Rheumatology key messages

. An aberrant localization of ezrin in salivary acinar
cells from SS patients was observed.

. Subcellular localization changes of active ezrin
could explain the modifications of microvilli organi-
zation observed.
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