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Abstract
Primary Sjögren’s syndrome (pSS) is a solitary poorly understood autoimmune inflammatory disease by involvement of 
the salivary and lacrimal glands resulting in dry mouth and dry eyes. Myoepithelial cells (MECs) are cells knowing for its 
hybrid epithelial and mesenchymal phenotype that are important components of the salivary gland (SGs) structure aiding 
the expulsion of saliva from acinar lobules. In this study we investigate possible alteration in the myofilament component of 
MECs in SGs specimens obtained from pSS patients in comparison with healthy subjects, to evaluate MECs hypothetical 
involvement in the pathogenesis of pSS. The expression of alpha-smooth muscle actin (α-SMA) and p63, as MECs mark-
ers, was evaluated in bioptic specimens from pSS and healthy labial SGs through immunohistochemistry and immunofluo-
rescence analyses; the distribution of MECs markers was quantified using Aperio ScanScope and ImageScope software to 
provide quantitative assessments of staining levels. Our observations demonstrated that p63 nuclear labeling in pSS MECs 
is preserved whereas α-SMA cytoplasmic staining is strongly and significantly reduced when compared with healthy SGs; 
the digital images analysis quantification of the expression of labeled α-SMA and p63 protein in the healthy and pSS MECs 
salivary tissues, led to results suggesting a loss of mechanical support for acini and ducts in pSS, correlated, probably, with 
the reduction of salivary flow that features one important aspect of pSS disease.
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Introduction

Sjögren’s syndrome (SS) is a complex systemic autoimmune 
progressive disease that primarily affects several exocrine 
glands and leads to their functional impairment (Vitali 
et al. 2002; Vitali 2003; Delaleu et al. 2005; Lee et al. 2009; 
Voulgarelis and Tzioufas 2010). SS occurs either indepen-
dently as a primary disease (pSS) or as a secondary to other 
autoimmune rheumatic diseases (Ramos-Casals and Font 

2005). The exocrine gland involvement, primarily salivary 
(SGs) and lacrimal glands, is characterized by a focal, mono-
nuclear cell infiltrate which is accumulated around ducts 
causing dysfunction and structural damage (Moutsopoulos 
1994). pSS is clinically characterized by dryness of the eyes 
and mouth due to a strong reduction, either qualitatively or 
quantitatively, in fluid secretion by lacrimal glands and SGs 
that negatively impact on oral health. The histopathologi-
cal characteristics of the minor SGs in pSS disease include 
a decrease or disappearance of acini, lymphocytic infiltra-
tion and hyperplasia of the lining cells of the intraglandular 
ducts. The destruction of acinar cells, that represent the only 
water-permeable portion of the gland and are central to the 
initiation of fluid movement in the secretion process, could 
be implicated in the SS saliva impairment (Delporte et al. 
2016). In the SGs, epithelial ductal and acinar structures 
are surrounded by a contractile myoepithelial cells (MECs) 
layer. MECs are multipolar stellate cells possessing many 
flat processes and closely related to the secretory units and 
proximal ducts, located between the basal lamina and the 
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acinar or ductal cells (Chitturi et al. 2015; Balachander et al. 
2015; Shah et al. 2016). Distribution of MECs varies consid-
erably between types of glands and even in the same gland 
during the course of development (Shear 1966; Young and 
Van Lennep 1977; Sato et al. 1979). The morphology of 
these cells could be also variable and their role includes 
contraction when the secretory function of the gland is 
stimulated, compressing and strengthening the cells of the 
glandular parenchyma and assisting the expulsion of saliva. 
MECs resemble smooth muscle and epithelial cells, which 
determines the complexity of their biological functions 
(Raubenheimer 1987; Raubenheimer et al. 1987; Redman 
1994).

Electron microscopic analyses showed that the MECs 
cytoplasm is filled with thin myofilaments arranged in par-
allel and resulted immunoreactive for alpha-smooth muscle 
actin (α-SMA) (Ianez et al. 2010). MECs contain various 
contractile proteins such as myosin, calponin, and caldes-
mon, in addition to α-SMA (Foschini et al. 2000). The shape 
of the MECs suggest that their contraction might reduce 
the luminal volume in glandular acini, and these cells may 
play a role in expelling secretory products from acini to 
the excretory ducts which was later demonstrated experi-
mentally (Chitturi et al. 2015). Recently, loss of MECs has 
been reported in sialadenosis patients (Ihrler et al. 2010) 
and in parotid glands of diabetic NOD mice (Nashida et al. 
2013). Even in our recent investigation, we suggested that 
the capacity for water flow across the membrane of MECs 
may be altered in pSS, since aquaporin 4 (AQP4) expression 
in these cells resulted selectively decreased in comparison 
with the expression in healthy subjects (Sisto et al. 2017). 
The presence of AQP4 on SGs MECs, allowing water inflow 
and outflow through MECs membrane, raises the possibility 
that some phases of salivary secretion may be mediated indi-
rectly through an action of MECs on the acinar and ductal 
cells. The strong down-regulation of AQP4 expression in 
pSS MECs demonstrates that these cells do not function nor-
mally in pSS glands, and therefore some phases of salivary 
secretion may be impaired (Sisto et al. 2017).

Actually, there is very limited knowledge concerning the 
pathological processes underlying xerostomia and reduced 
salivary flow. Given the importance of MECs in SGs physi-
ology and to better evaluate this, we supposed that MECs 
might decrease or shrink in pSS SGs. To test this hypothesis, 
we used salivary biopsy specimens obtained from patients 
with well-defined pSS comparing them with healthy con-
trols, to assess the expression of MECs differentiation mark-
ers; given the mixed epithelial and smooth muscle pheno-
type of MECs, and the need to distinguish the MECs layer 
from myofibroblasts, ductal or acinar epithelial cells, and 
vascular smooth muscle, most of the immunohistochemical 
ideal markers used must possess high sensitivity and speci-
ficity. At present, Abs against α-SMA, the major cytoplasmic 

smooth muscle contractile protein, and against the nuclear 
protein p63, are commonly used to molecularly identify of 
MECs (Longtine et al. 1985; Egan et al. 1987; Gugliotta 
et al. 1988; Foschini et al. 2000; Barbareschi et al. 2001; 
Reis-Filho and Schmitt 2002; Bilal et al. 2003; Ianez et al. 
2010).

We observed loss of the myofilament compartment in 
pSS MECs, suggesting that MECs function might be com-
promised in pSS salivary tissues and correlates, probably, 
with the reduction of saliva flow that features one important 
aspect of this disease.

Materials and methods

Patient selection and characteristics

The Department of Pathology, University of Bari Medical 
School, has selected 32 bioptic specimens of pSS labial SGs 
(LSGs) (61.3 ± 1.2 years old) according to the developed 
2016 ACR/EULAR classification criteria for pSS (Shi-
boski et al. 2016) that are based on the weighted sum of 
five items: anti-SSA/Ro antibody positivity and focal lym-
phocytic sialadenitis with a focus score of ≥ 1 foci/4  mm2, 
each scoring 3; an abnormal ocular staining score of ≥ 5 
(or van Bijsterveld score of ≥ 4), a Schirmer’s test result of 
≥ 5 mm/5 min, and an unstimulated salivary flow rate of 
≥ 0.1 ml/min, each scoring 1. LSGs were harvested from 
the lower lip under local anesthesia through normal mucosa, 
according to the explant outgrowth technique (Sens et al. 
1985). Healthy volunteers (55.3 ± 0.98 years old, N = 10) 
with no salivary condition and which had a normal salivary 
biopsy were included in this experimental procedure as con-
trols. Informed consent from all the subjects and approval 
by the local ethics committee was obtained. Tissue destined 
for immunohistochemistry was cut into small pieces and the 
tissue blocks were then embedded in paraffin and sectioned 
at 3 μm thickness.

Immunohistochemical staining method for MECs 
markers expression

Serial 3 μm sections of healthy and pSS formalin-fixed, 
paraffin-embedded LSGs tissues were used for immunohis-
tochemical staining. While rehydrating the deparaffinized 
sections in graded al-cohol, the slides were immersed for 
1 h in 70% ethanol supplemented with 0.25% NH3, and 
rehydration was resumed by immersion in 50% ethanol for 
10 min. After deparaffinization and dehydration, the slides 
were washed in phosphate-buffered saline (PBS) (pH 7.6 
3 × 10 min), then immersed in EDTA buffer (0.01 M, pH 8.0) 
for 20 min in water bath at 98 °C to unmask antigens. The 
sections were immunolabelled according to the following 
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procedure: blockade of endogenous peroxidase by treatment 
with 3% hydrogen peroxide solution in water for 10 min at 
room temperature (RT); rinsing for 3 × 10 min in PBS, pH 
7.6; pre-incubation in non-immune donkey serum (Dako 
LSAB kit, Dako, CA, USA) for 1 h at RT; incubation over-
night at 4 °C with primary antibodies (Abs) and dilutions 
were done as follows: rabbit anti-human-α-SMA Ab (1:100 
dilution, Abcam, Abcam, Cambridge, UK), mouse anti-
human-p63 Ab (1:100 dilution, Dako, CA, USA), mouse 
anti-human calponin mAb (1:300 dilution, Dako, CA, USA). 
The sections were washed for 3 × 10 min in PBS and after 
incubated with the related secondary Abs (Santa Cruz Bio-
technology, TX, USA) diluted 1:200 in PBS for 1 h at RT; 
rinsing for 3 × 10 min in PBS; incubation with the strepta-
vidin-peroxidase complex (Vector Laboratories, CA, USA) 
for 1 h at RT; incubation with the chromogen 3,3-diamin-
obenzidine tetrahydrochloride (DAB) (Vector Laborato-
ries) for 10 min at RT, counterstained with hematoxylin 
(Merck Eurolab, Dietikon, Switzerland). Negative controls 
of the immunoreactions were performed by replacing the 
primary Ab with donkey serum diluted 1:10 in PBS. After 
the addition of the secondary Ab, no specific immunostain-
ing was observed in the negative controls (data not shown). 
Therefore, immunohistochemical double-staining with the 
primary Abs above reported was performed to study the co-
localization of p63 and α-SMA in pSS and in healthy MECs.

Immunofluorescence labelling and confocal 
microscopy study

Immunofluorescence analysis was performed using depar-
affinized sections from pSS LSGs biopsies with high grade 
of inflammation. Immunolabelling was carried out using 
primary Abs, that were mouse anti-human p63 protein 
(Dako, CA, USA) and rabbit anti human α-SMA (Abcam, 
Cambridge, UK). The sections were immersed for 30 min 
in blocking buffer (PBS, 1% BSA, 2% FCS); 30 min in PBS 
and incubated with primary Abs over night at 4 °C. Next, 
primary antibodies were detected with the appropriate sec-
ondary Abs Alexa Fluor 488 donkey anti-mouse IgG, diluted 
1:200 in PBS (Molecular Probes, Life Technologies) for 
anti-human p63 protein and Alexa Fluor 568 goat anti-rabbit 
IgG conjugate, diluted 1:200 in PBS (Molecular Probes) for 
anti human α-SMA. The sections were drained and cover-
slipped in Vectashield anti-fade mounting medium (Vector 
Laboratories). Controls were performed by omitting either 
one or both primary Abs or by using inappropriate second-
ary Abs. All controls gave no detectable labelling (data not 
shown). The sections were observed under a Leica TCS SP 
confocal laser scanning microscope using ×40 and ×63 oil-
immersion objective lenses with either ×1 or ×2 zoom fac-
tors. On the immunolabelled sections, a sequential image 
acquisition was applied of the two fluorophores, Alexa Fluor 

488 (excitation at 488 nm and detection range 500–535 nm; 
green fluorescence) and Alexa Fluor 568 (excitation with 
568 nm and detection range 580–620 nm; red fluorescence). 
Confocal images were taken at 0.5-μm intervals through the 
z-axis.

Aperio digital immunohistochemistry analysis 
and quantification

All slides were scanned using high-resolution digital Aperio 
Scanscope CS2 (Leica Biosystems, Nussloch, Germany) and 
stored as digital high resolution images on the workstation 
associated with the instrument. Digital slides were analyzed 
with Aperio ImageScope v.11 software (Leica Biosystems) 
at ×10 magnification and ten fields with an equal area were 
selected for the analysis at ×40 magnification by systematic 
random sampling (Jannink et al. 1995). α-SMA, p63 and 
calponin proteins expression were assessed with the Positive 
Pixel Count algorithm embedded in the Aperio ImageScope 
software and reported as positivity percentage, defined as 
the number of positively stained pixels on the total pixels 
in the image. This approach provides a reliable automatic 
estimation of the amount of stained structures in the tissue 
and is less sensitive to errors linked to high cell densities 
when compared to methods involving direct cell counting 
(Rizzardi et al. 2012).

ImageJ digital immunofluorescence analysis 
and quantification

For immunofluorescent image quantification, representa-
tive areas of the sections were viewed using a ×20 objec-
tive and photographed using a Zeiss AxioCam HRc (Zeiss, 
Oberkochen, Germany). For each image of stained slides, 
ten representative visual fields, each 586 µm x 439 µm in 
area, were randomly selected from sections of all tissue 
specimens under study and analysed using a computerized 
morphometric analysis software (ImageJ, version 1.46c; WS 
Rasband, National Institutes of Health, Bethesda, MD, USA, 
http://rsb.info.nih.gov/ij/). MECs cell bodies were identified 
by their nucleus and morphology on each of the selected 
stained sections and these cells were counted on the captured 
images; the number of MECs positive for each immunoreac-
tions and the area occupied by these cells were measured. 
Positive areas were expressed as percentage of the total tis-
sue area examined [percentage positive pixels (PPP)]. Data 
were expressed as mean ± standard error of the mean (SE).

Statistical analysis

All measurements were calculated as mean percentage ± SE. 
Statistical analysis was performed using Microsoft Excel 
2007 software. Differences among groups were determined 

http://rsb.info.nih.gov/ij/
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using T-test and statistical differences were considered to 
be significant if p ≤ 0.05. All experiments were performed a 
minimum of three times.

Results

Characterization of MECs markers

Because MECs are not always readily identifiable on rou-
tine haematoxylin and eosin stained sections, many immu-
nohistochemical methods have been used to highlight an 
intact and functional MECs layer. In this experimental pro-
cedure, to confirm that MECs were detectable in SGs of 
pSS patients and healthy subjects, we used a combination 
of immunohistochemical stains to investigate the expression 
of α-SMA and p63 proteins known to be enriched in MECs. 
As reported in Fig. 1, showing both healthy (panels a, b for 
α-SMA and e, f for p63) and pSS (panels c, d for α-SMA 
and g, h for p63) LSG sections, α-SMA is localized in the 
cytoplasm; in contrast, p63 was restricted in basal cell nuclei 
and the signal for all two markers was enriched in cells that 

ensheath or are closely associated with acinar and ductal epi-
thelial cells of healthy and SS SGs. The presence of stained 
cells in these anatomical locations was consistent with the 
established distribution of MECs. Thus, we concluded that 
our staining protocols effectively detected MECs in human 
salivary tissues (Fig. 1).

Alpha‑SMA protein expression decrease in SS MECs 
salivary tissues

In order to investigate the possibility that a loss of myofila-
ment component and consequently of the contractile func-
tion of the MECs could be involved in the decreased salivary 
secretion in pSS, we firstly performed immunohistochemical 
analysis using anti-human α-SMA and anti-human nuclear 
p63 Abs, on salivary gland biopsy specimens obtained from 
patients affected from pSS and comparing them with those 
obtained from healthy controls (Fig. 1). Immunohistochemi-
cal analysis revealed that in normal healthy SGs, no α-SMA 
staining was observed in the acinar and ductal cells, but 
a strong α-SMA labeling signal is restricted to the cyto-
plasm of the MECs located on the basal surface of acinar 

Fig. 1  Immunohistochemical localization of α-SMA in healthy 
(a, b) and pSS (c, d) salivary biopsy and, p63 in healthy (e, f) and 
pSS (g, h) salivary tissues. Immunohistochemical analysis revealed 
α-SMA labelling in the cytoplasm of the MECs that surround acinar 
and ductal cells in healthy (a, b) and pSS (c, d) salivary biopsies. A 
strong positivity for α-SMA was detected in MECs of healthy sali-
vary sections (a, b) and the intensity of labeling was strongly reduced 
in pSS MECs (c, d). The images b and d represent a high magnifica-
tion of acini of sections derived from healthy and pSS salivary gland 

biopsies, respectively. p63 nuclear labeling in the MECs is preserved 
with same intensity both in healthy (e, f) and pSS (g, h) salivary tis-
sues. Brown staining shows positive immunoreaction; blue stain-
ing shows nuclei. No counterstain in e–h images. Black arrowheads 
indicate the nuclei of the MECs while white arrowhead show α-SMA 
expression in the cytoplasm of the MECs. a, c original magnification, 
×20; b, d–h original magnification, ×40; α-SMA, α-smooth muscle 
actin. MECs myoepithelial cells. Bar 20 μm
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and ductal cells as a thin layer, and diffusely distributed in 
the cytoplasmic flat processes that extend between and over 
the acinar and ductal lining cells (panels a, b). Compared to 
control subjects, in pSS patients’ salivary tissues (panels c, 
d), the α-SMA cytoplasmic distribution was heavily reduced 
or almost completely absent in pSS MECs and interestingly, 
the brown signal was confined and narrowed around nuclei 
of MECs. Therefore, α-SMA labeling is absent in the cyto-
plasmic processes of MECs that radiate and embrace the 
secretory unit. Thus, subsequently, we focused our attention 
on p63 protein nuclear immunolocalization in pSS patients 
and healthy subjects. Figure 1 illustrates the sections of 
healthy (panels e, f) and pSS bioptic tissues (panels g, h) 
stained with anti-human p63 Ab. p63-reactive nuclei were 
seen in the cells surrounding the acinar and ductal cells and 
the localization of these p63-reactive nuclei suggested that 
the p63-reactive cells are effectively MECs. Luminal duct 

cells and acinar cells were unreactive. The observed intense 
nuclear p63 immunoreactivity in the elongated nuclei of the 
healthy MECs (panels e, f) did not differ from that observed 
in pSS MECs (panels g, h). This represents a very intriguing 
observation because suggests that no difference seems to be 
found in the total number of p63-positive MECs between 
healthy and pSS SGs; what instead is clearly evident is a 
reduction of myofilaments component in pSS MECs. To 
confirm and expand the observations of MECs differentia-
tion markers loss within pSS MECs, we performed an immu-
nohistochemical analysis of the expression of calponin, an 
actin-binding protein that regulates the power stroke during 
smooth muscle contraction (Haeberle 1994; Matthew et al. 
2000), in healthy and pSS biopsies (Fig. 2).

We found MECs expression of this marker to vary 
between healthy individual and pSS patients and a clear 
reduction of calponin expression was observed in the MECs 

Fig. 2  Immunohistochemical localization of calponin in healthy (a, 
c) and pSS (b, d) salivary biopsies. Immunohistochemical analysis 
revealed calponin labelling in the cytoplasm of the MECs that sur-
round acinar and ductal cells in healthy (a, c) and pSS (b, d) sali-
vary tissues. A strong positivity for calponin was detected in MECs 
of healthy salivary sections (a, c) and the intensity of labeling was 
strongly reduced in pSS MECs (b, d). The images c and d represent a 

high magnification of acini of sections derived from healthy and pSS 
salivary gland biopsies, respectively. Immunohistochemistry signal 
quantification of calponin positivity (e) on the sections obtained from 
healthy and pSS salivary tissues using the Aperio ImageScope Soft-
ware. *p < 0.01. Brown staining shows positive immunoreaction; blue 
staining shows nuclei. a, b, original magnification, ×20; c, d, original 
magnification, ×40; Bar 20 μm
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of pSS patients (Fig. 2, panels b, d) in comparison with pan-
els a, c, representing healthy SGs specimens. Cumulatively, 
these data are consistent with the hypothesis that MECs 
function could be compromised in this inflammatory chronic 
condition. The expression of labeled calponin protein in the 
healthy and pSS MECs obtained by Aperio scanscope, was 
also quantified using the computerized morphometric analy-
sis software and express in terms of pixel/intensities (Fig. 2, 
panel e) demonstrating a significant (p < 0.01) reduction of 
calponin expression in pSS biopsies.

To confirm the decreased density of the distribution of the 
myofilament component of pSS MECs, a double immuno-
histochemistry was carried out incubating the sections with 
a cocktail of antibodies (p63 and α-SMA) to determine the 
contemporary distribution and immunolocalization of these 
proteins and to make a comparison by Aperio digital immu-
nohistochemistry analysis between healthy (Fig. 3) and pSS 
MECs (Fig. 4).

We found that almost all of the MECs of healthy salivary 
tissues with positive nuclear p63 reactivity co-expressed 
α-SMA cytoplasmic staining (Fig.  3, panels a–f). As 
expected, in pSS tissues (Fig. 4, panels a–f), it notes that 
MECs p63 nuclear labeling is retained whereas α-SMA cyto-
plasmic staining is strongly reduced validating the hypoth-
esis of a loss of myofilament component in pSS MECs.

Quantitative comparison of α‑SMA and p63 
immunohistochemical staining measured by digital 
image analysis

To quantify the expression of labeled α-SMA and p63 pro-
tein in the healthy and pSS MECs, the digital slide images 
obtained by Aperio scanscope were viewed and analyzed in 
terms of pixel/intensities using the computerized morpho-
metric analysis software (Fig. 5).

The data revealed a significant difference in the percent-
age of strong positive pixels for α-SMA protein in the MECs 
of healthy and pSS salivary tissues (p < 0.01). In detail, the 
healthy salivary tissues showed the highest percentage of 
strong α-SMA positive pixels (mean 8.87 ± 0.34) when com-
pared to the pSS (mean 3.49 ± 0.27) while percentage of 
strong positive pixels for p63 showed the similar percentage 
for both pSS (mean 5.97 ± 0.06) and healthy salivary MECs 
(mean 6.28 ± 0.02). (Graphs reported in the Fig. 5).

Thus, we found a significant (p < 0.01) reduction in 
the α-SMA expression in pSS MECs in comparison with 
healthy MECs, concordant with the microscopic obser-
vation. The decreased myofilament component observed 
in pSS MECs represents an important breakthrough, sup-
porting the opinion that MECs which participate to the 
release of saliva by covering acini and ducts with their 
contractile processes, could be defective in pSS. The 

pseudo-color markup images (Fig.  6, panels b, d) are 
representative screenshots images of two whole slides, 
double immunostained for α-SMA and p63, derived from 
healthy (a) and pSS (c) salivary glands and analyzed by 
Aperio’s ImageScope. The markup images represent an 
algorithm elaboration in order to evaluate the p63 nuclear 
immunolocalization. The positive pixels are represented in 
red spots and the negative pixels are shaded blue. These 
images show as the p63 positivity evaluation is specific in 
both healthy (b) and pSS MECs (d) confirming the con-
clusion that p63 nuclear labeling presents similar levels 
of expression between healthy and pSS MECs whereas 
α-SMA cytoplasmic staining is strongly reduced in pSS.

Fig. 3  Double immunohistochemistry for α-SMA and p63 in healthy 
salivary glands. The representative images a–d show α-SMA and 
p63 immuno co-localization in the MECs. The magnified images c, 
d show a wide cytoplasmic distribution of α-SMA protein expres-
sion in the MECs and p63 restrictive expression in the nuclei of the 
same cell. a original magnification, ×10; b original magnification, 
×40; c, d original magnification, ×100. No counterstain was applied 
in e, f images. The slides were scanned and analyzed with Aperio 
ImageScope instrument. Yellow arrowhead indicates the nuclei of 
the MECs while red arrowhead shows α-SMA expression in the cyto-
plasm of the MECs. α-SMA, α-smooth muscle actin. MECs myoepi-
thelial cells. Bar 10 μm. (Color figure online)
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Immunofluorescence confocal microscopy 
confirmed myofilament component deficiency 
in pSS MECs

To more directly determine the precise subcellular locali-
zation of α-SMA and p63 nuclear protein in MECs and to 
confirm that α-SMA expression varies between pSS patients 
and healthy donors and resulted lower in pSS patients than 
in controls, sections of healthy and pSS salivary gland were 
labeled with antibodies to human α-SMA and p63, and 
viewed by high-resolution confocal microscopy by immuno-
fluorescence (Fig. 7A). Figure 7A shows labelling of α-SMA 
(red) and p63 (green) in sections derived from healthy (pan-
els a, c) and pSS samples (panels b, d). As depicted, α-SMA 
was located diffusely in the cytoplasm of MECs adjacent to 
the acinar epithelial cells and intercalated duct, while p63 
labelling is selectively expressed in the nuclei of the MECs. 
As expected, and confirming immunohistochemistry results, 
α-SMA protein expression resulted strongly decreased in the 
pSS MECs (panel b) in comparison with healthy samples 
sections (panel a), while p63 labeling signal is conserved 
(respectively panel c, for healthy controls and d for pSS). 
This result confirms that the total number of MECs is not 
altered in pathological condition pSS, but, however, in the 
myoepithelium layer of pSS salivary tissues injuries occur 
that compromise the function and structural integrity of the 
MECs stratum. With ImageJ software, quantitative and sta-
tistical analyses were carried out on immunofluorescence 
images to measure changes in α-SMA and p63 proteins 
expression between healthy and pSS MECs (Fig. 7 B, C). 
Quantification of confocal microscopy images led to simi-
lar results to those obtained by immunohistochemistry and 
Aperio scanscope computerized morphometric analysis 
software.

Fig. 4  Double immunoperoxidase stain for α-SMA and p63 in the 
pSS salivary glands. The representative images a–d show α-SMA 
and p63 immuno co-localization in the MECs. The magnified images 
c, d show a reduced distribution of α-SMA protein expression in the 
cytoplasm while p63 labelling intensity preserved in the nuclei of the 
MECs. a original magnification, ×10; b original magnification, ×40; 
c, d original magnification, ×100. No counterstain was applied in e, 
f images. Images were scanned analyzed with Aperio ImageScope 
instrument. Black arrowhead indicates the nuclei of the MECs while 
blue arrowhead shows α-SMA expression in the cytoplasm of the 
MECs. α-SMA α-smooth muscle actin. MECs myoepithelial cells. Bar 
10 μm. (Color figure online)

Fig. 5  Immunohistochemistry signal quantification of α-SMA positivity (a) and p63 positivity (b) on the sections obtained from healthy and pSS 
salivary tissues using the Aperio ImageScope Software. *p < 0.01. α-SMA α-smooth muscle actin
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Discussion

MECs are important components of salivary gland structure, 
and their contractile function, due to the presence of myo-
filament proteins, helps the secretory activity of the gland, 
compressing and strengthening the cells of the glandular 
parenchyma and assisting the expulsion of saliva. Xerosto-
mia and hyposalivation are the most common symptoms of 
pSS associated to the loss of salivary gland function. Actu-
ally, modern sophisticated microscopic techniques have 
resulted in a surge of new information on MECs through 
specific markers which facilitated studies on their presence 
and behavior in disease processes. We focused our studies 
on two MECs markers: α-SMA and p63, commonly used to 
identify the MECs, in healthy controls and pSS LSGs biop-
sies by means of immunohistochemistry, high-resolution 
confocal microscopy and quantitative image analyses.

The most striking observation, revealed by immunohis-
tochemistry and immunofluorescence results, was that the 
α-SMA protein labelling, widely diffused in the cytoplasm 
and in the flat process that embrace the acinar cells of the 
secretory unit, was remarkably less intense in the MECs of 
SGs of patients with pSS in comparison of healthy subjects. 
In the acinar cells and ductal cells α-SMA labelling was 
absent. Further, our investigations were highly upgrade by 
data obtained from a double immunohistochemistry carried 
out incubating the sections contemporary with the same 

biomarkers, to determine the distribution and immuno co-
localization of these proteins within the MEC, in healthy and 
pSS salivary tissues. We found that almost all the MECs of 
healthy salivary tissues with positive nuclear p63 reactivity 
co-expressed α-SMA cytoplasmic staining. In pSS tissues, 
it is significant to note that p63 nuclear labeling in MECs is 
preserved whereas α-SMA cytoplasmic staining is strongly 
and significantly reduced, validating the hypothesis of a 
loss of myofilament component in MECs of pSS patients. A 
quantification of the expression of labeled α-SMA and p63 
protein in the healthy and pSS MECs salivary tissues was 
performed using Aperio digital IHC analysis that confirmed 
a significant difference in the percentage of strong positive 
pixels for α-SMA protein in the MECs of healthy salivary 
tissues when compared to the pSS, while p63-positive MECs 
showed the similar percentage between pSS and healthy sali-
vary tissues.

To determine and further explore the precise subcel-
lular localization of these myoepithelial biomarkers, we 
performed an immunofluorescence staining and the images 
were observed by high-resolution confocal microscopy. 
Immunolabeling confirmed the expression of cytoplasmic 
α-SMA and nuclear p63 in healthy and pSS MECs. As 
expected, the α-SMA labeling distribution resulted sig-
nificantly decreased in the cytoplasm of the pSS MECs 
in comparison with healthy MECs, whereas the levels of 
nuclear localized p63 showed similar trends of expression 

Fig. 6  Representative screenshots images of two whole slides, double 
immunoperoxidase stained for α-SMA and p63, derived from from 
healthy (a) and pSS (c) salivary glands as seen in Aperio’s Image-
Scope viewer application after their scan. b, d represent pseudo-color 
markup images obtained from the original images (a–c) as an algo-

rithm elaboration in order to evaluate the p63 nuclear immunolo-
calization. The positive pixels are represented in red and the negative 
pixels are shaded blue. The markup images show as the p63 positiv-
ity evaluation is specific in both healthy (b) and pSS MECs (d). Bar 
60 μm. (Color figure online)
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in healthy and pSS salivary tissues. Quantifying p63 expres-
sion revealed by immunofluorescence, in fact, there was not 
a significant decrease in positivity of p63-positive MECs in 
pSS as compared with the healthy MECs, suggesting that 
the number of MECs is not altered and results obtained 
could be interpreted as evidence of injured MECs in pSS 
salivary gland tissues. Intriguingly, the remarkable reduc-
tion of expression of α-SMA occurred in pSS MECs, it is 
consistent with the notion that myoepithelium function could 
be compromised in the myofilament component hallmark of 
the contractile activity of the salivary gland of pSS patients 
and becoming unable to sustain the saliva secretion by con-
traction. Thus, the far greater, major decrease in the density 
of the distribution of the myofilament component indicates 
that there is a major decrease of the contractile myofibril 
component within the MECs that mechanically support the 
acini, and the major atrophy of the myofibril component 
would result in a loss of this function.

Until recently, it has been widely demonstrated that the 
loss of salivary function seen in pSS occurred as a direct 
consequence of salivary gland atrophy, including fibrosis, 
acinar cell atrophy and ductal cell hyperplasia (Nikolof 

and Illei 2009). Although the severe impairment in salivary 
secretion in pSS is thought to be related to the extent of lym-
phocytic infiltration and subsequent loss of glandular tissue, 
lymphocyte infiltration alone is not sufficient to explain the 
altered secretory function observed in pSS patients (Hayashi 
2011).

The significance of MECs in the pathophysiology of 
pSS is actually unclear. Our recent investigation evidenced 
a remarkable down-regulation of AQP4 expression in pSS 
salivary MECs in comparison with healthy glands, giv-
ing strong support to the notion that the AQP-dependent 
mechanism of the rapid control of MECs volume, required 
to enable these cells to provide structural support during 
salivary secretion, was altered in pSS glands, and therefore 
some phases of salivary secretion may be impaired (Sisto 
et al. 2017).

The fact that MECs are closely related to the secretory 
units and proximal ducts was also supported from recent 
studies demonstrating that loss of MECs has yet been 
reported in sialadenitis (Ihrler et al. 2010); furthermore, 
recently, a significant reduced α-SMA and AQP8 in MECs 
of parotid glands of non-obese diabetic (NOD) mice was 

Fig. 7  A Immunofluorescence staining of α-SMA (red) and p63 
(green) in MECs from healthy (a, c) and pSS salivary gland biopsies 
(b, d). Immunofluorescence analysis showed that MECs of acini and 
ducts were strongly positive for α-SMA and p63 in healthy conditions 
(a, c) while in pSS an evident decrease of α-SMA-positive MECs was 

observed (b). p63 labeling expression is preserved in pSS MECs (d). 
B, C Quantification of the percentage of α-SMA and p63 immuno-
fluorescence intensity in MECs compared with healthy and pSS sali-
vary tissues. Images were analyzed with ImageJ software. Bar 10 μm. 
*p < 0.01. (Color figure online)
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demonstrated, leading to SGs hypofunction compared with 
control mice. Fewer or atrophied MECs observed in diabetic 
NOD mice imply the importance of these cells in SGs physi-
ology (Wellner et al. 2006; Nashida et al. 2013).

Our data herein reported, suggest a possible implication 
of MECs, by virtue of their location and features, in the 
altered secretory function of pSS SGs, that it reflected in a 
remarkable hyposalivation observed in pSS patients. More 
broadly, our findings could suggest that the loss of salivary 
gland secretory function in pSS patients may not be directly 
related to the overt immune activation observed in the dis-
ease, but the changes in pSS MECs function may contribute 
to the deficiency of fluid secretion.

Results obtained could be an explanation of the observa-
tion reported by Jonsson and colleagues that the decreased 
saliva secretion follows the incidence of focal lymphoid 
infiltration in a delayed manner, and that the local inflam-
matory microenvironment that replaces the glandular tissue 
is not sufficient to explain the severe impairment in salivary 
secretion (Jonsson et al. 2006). In addition, Deshmukh et al. 
reported that, in the initial stages of the disease, gland dys-
function and hyposalivation did not correlate with the sever-
ity of lymphocytic infiltration and inflammatory grade in the 
salivary gland and changes in secretion occurred without 
significant progression of inflammation (Deshmukh et al. 
2008).

In conclusion, although elucidation of the detailed aeti-
ology and pathogenesis of pSS is dependent on further 
research, it is thought that the loss of the myofilament com-
ponent in pSS MECs supports the evidence of an active par-
ticipation of MECs in facilitating the secretion of saliva from 
acinar and ductal part of SGs. Further investigation into their 
role is needed to define the mechanisms of onset of pSS and, 
hence, proper research and techniques has to be applied to 
obtain significant knowledge regarding MEC and its role in 
salivary gland dysfunction characterizing pSS.
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