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Abstract 

Myoepithelial cells (MECs) are found in different exocrine glands, which include the lacrimal gland. 
However, although the MECs are functionally relevant for the function of this gland, few studies characterised 
them by means of immunohistochemistry. We therefore aimed at checking the molecular phenotype of the MECs 
in the lacrimal gland. For this study were used archived paraffin-embedded samples of lacrimal glands. Primary 
antibodies were applied: D2-40, alpha-smooth muscle actin (α-SMA), Ki67, the smooth muscle myosin heavy chain 
(SMM), cytokeratin 5 (CK5), and CD117/c-kit. MECs of the lacrimal gland expressed D2-40 (podoplanin), α-SMA, 
SMM, CK5 and, scarcely, c-kit. Ki67, the proliferative marker, and c-kit, were scarcely expressed in basal cells of 
the secretory units. Therefore, podoplanin should be added to the specific panel of markers specifically identifying 
the MECs of the lacrimal gland. 
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INTRODUCTION 

Myoepithelial cells (MECs) are found in multiple glandular organs such as the 
salivary, lacrimal, mammary, harderian, sweat, and prostate glands (Makarenkova and Dartt, 
2015). However, the profile of MECs varies considerably from gland to gland (Nagato et al., 
1980). The MECs of the exorbital lacrimal gland of rat are stellate with many thin radiating 
processes with tapered ends that terminate freely (Nagato et al., 1980).  

The MECs characteristically present a stellate cell body with many ramified 
cytoplasmic processes lying on a basal membrane of acinar cells (Lemullois et al., 1996). They 
equally possess a cytokeratin network and a highly developed network of alpha-smooth 
muscle actin (α-SMA) (Lemullois et al., 1996). Therefore, the ultrastructural pattern of the 
MECs include cytoplasmic myofilaments which run parallel to the basal lamina and display 
focal densities along their course, pinocytotic vesicles and hemidesmosomes (Chaudhry et al., 
1983).  

In the lacrimal gland MECs synthesize the basement membrane and form a functional 
network around the acinar and ductal cells separating them from the basement membrane 
and the glandular stroma (Makarenkova and Dartt, 2015). The MECs maintain the glandular 
structural integrity and transport metabolites to secretory cells (Makarenkova and Dartt, 
2015). 

In spite of the proposed importance of MECs for the function of the lacrimal gland, 
they are lesser studied than in other exocrine glands (Makarenkova and Dartt, 2015). We 
therefore aimed at checking the molecular phenotype of the MECs in the lacrimal gland. 

Aim and objectives 

The aim of this study is checking the molecular phenotype of the MECs in the lacrimal 
gland. 

MATERIAL AND METHODS 

The immunohistochemical study was performed retrospectively on archived paraffin-
embedded samples of lacrimal glands (six cases). The age of patients ranged from 49 to 57 
years. The patients’ written informed consent for all medical data to be used for research 
purposes, provided the protection of the identity is maintained, was obtained. The study was 
conducted in accordance with the general ethical principles of medical research.  

The paraffin-embedded samples were processed with an automatic histoprocessor 
(Diapath, Martinengo, BG, Italy) with paraffin embedding. Sections were cut manually at 3 
μm and mounted on SuperFrost® electrostatic slides for immunohistochemistry (Thermo 
Scientific, Menzel-Gläser, Braunschweig, Germany). Histological evaluations used 3 μm thick 
sections stained with hematoxylin and eosin. Internal negative controls resulted when the 
primary antibodies were not applied on slides. 

There were used primary antibodies for D2-40 (clone D2-40, Biocare Medical, 
Concord, CA, USA, 1:100), alpha-smooth muscle actin (α-SMA, mouse monoclonal, clone 
D33, Biocare Medical, Concord, CA, USA, 1:50), Ki67 (mouse monoclonal, clone MM1, Biocare 
Medical Concord, CA, USA, 1:100 – 1:200), smooth muscle myosin heavy chain (SMM, mouse 
monoclonal, clone S131, Novocastra-Leica, Leica Biosystems Newcastle Ltd, Newcastle Upon 
Tyne, U.K., 1:100), cytokeratin 5 (CK5, rabbit monoclonal, clone EP42, Biocare Medical 
Concord, CA, USA, 1:100), CD117/c-kit (rabbit monoclonal, clone Y145, Biocare Medical, 
Concord, CA, USA, 1:100).  

 Tissues were deparaffinized and rehydrated, then endogenous peroxidase was 
blocked using Peroxidazed 1 (Biocare Medical, Concord, CA, USA). For the heat induced 
epitope retrieval we used the Decloaking Chamber (Biocare Medical, Concord, CA, USA) and 
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retrieval solution pH 6 (Biocare Medical, Concord, CA, USA). Background Blocker (Biocare 
Medical, Concord, CA, USA) was used to reduce non-specific background staining. The 
primary antibody was then applied. Different HRP-based detection systems were used: for α-
SMA, Ki67, SMM, CK5, and D2-40 was used MACH 4 (Biocare Medical, Concord, CA, USA), 
and for CD117/c-kit was used MACH 2 (Biocare Medical, Concord, CA, USA). A HRP-
compatible chromogen (DAB) was applied. Sections were counterstained with hematoxylin 
and rinsed with deionized water. For the washing steps we used TBS solution, pH 7.6. 

RESULTS 

The normal features of the human adult lacrimal gland were accurately identified on 
histological slides stained with hematoxylin and eosin. Myoepithelial cells expressed the 
smooth muscle myosin (fig.1). The α-smooth muscle actin was detected in MECs, as well as in 
pericytes and vascular smooth muscle cells (fig.2). CD117(c-kit) labelled myoid 
periendothelial cells, such as vascular smooth muscle cells and pericytes, as well as the MECs 
of the lacrimal gland (fig.3). Interestingly, expression of c-kit was also encountered in the 
membranes of basal acinar epithelial cells with a high nucleocytoplasmic ratio (fig.3). 
Octopus-like MECs also expressed cytokeratin 5 (fig.4) and D2-40 (podoplanin) (fig.5). Scarce 
basal acinar cells expressed Ki67 (fig.6). 

 

  
Figure 1. Immunohistochemical expression of myosin is 

detected in myoepithelial cells of the human adult 
lacrimal gland (arrows) 

Figure 2. Immunohistochemical expression of α-smooth 
muscle actin is detected in myoepithelial cells 

(arrowheads), vascular smooth muscle cells (arrows), 
and pericytes (double-headed arrow) of the human 

adult lacrimal gland 

 



 
22 

 
Figure 3. Immunohistochemical expression of CD117 (c-kit) was found in vascular smooth muscle cells (A, 

arrows), in myoepithelial cells (B, arrowheads), and, scarcely, in basal epithelial cells of the acini (C, double-
headed arrow). 

 

  
Figure 4. Immunohistochemical expression of 

cytokeratin 5 in myoepithelial cells (arrows) of the 
human adult lacrimal gland 

Figure 5. Immunohistochemical expression of D2-40 in 
myoepithelial cells (arrows) of the human adult 

lacrimal gland. The octopus-like appearance of the 
myoepithelial cells is detailed (magnified inset) 
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Figure 6. The proliferative marker Ki67 is scarcely expressed in an acinar cell resting on the basal lamina (arrow) 

DISCUSSIONS 

The peculiar morphology of MECs was assessed previously in the rabbit lacrimal 
gland by three-dimensional reconstructions which indicated that they have an octopus-like 
appearance with long cytoplasmic projections (Ding et al., 2005), such as we found here on bi-
dimensional cuts.  

Expression of podoplanin was previously detected in myoepithelial cells of salivary 
glands (Amano et al., 2011), as well as of lingual glands (Noda et al., 2010). It was suggested 
that the expression of podoplanin in the acinar epithelial cells and the MECs of the 
submandibular and sublingual salivary glands could be related to the mucous saliva 
excretion (Hata et al., 2008). However, although the orbit was checked for the expression of 
podoplanin to identify lymphatics (Nakao et al., 2012), few studies documented the 
expression of this lymphatic marker in MECs of the lacrimal gland (Table 1). 

 
Table 1. Expression of several markers in myoepithelial cells. EGFR: Epidermal Growth Factor Receptor. L2E3: a 
monoclonal antibody directed against liver metallothionein. GFAP: Glial Fibrillary Acidic Protein 

Markers Tissue Reference 
podoplanin salivary glands (Hata et al., 2008, Tsuneki et al., 

2013) 
EGFR mammary tissue (Gama et al., 2009) 

P-cadherin mammary tissue (Gama et al., 2004, Reis-Filho et 
al., 2003) 

alpha-smooth muscle actin mammary tissue, lacrimal 
gland 

(Corben and Lerwill, 2009, 
Kivela, 1992) 

calponin mammary tissue (Corben and Lerwill, 2009, 
Sanchez-Cespedes et al., 2013, 
Batistatou et al., 2003, Foschini 

et al., 2000) 
smooth muscle myosin heavy 

chain 
mammary tissue (Corben and Lerwill, 2009, 

Batistatou et al., 2003) 
cytokeratin 5 mammary tissue, lacrimal 

gland 
(Kivela, 1992, Deugnier et al., 

2002) 
cytokeratin 13 lacrimal gland (Kivela, 1992) 
cytokeratin 14 mammary tissue, lacrimal 

gland 
(Reis-Filho et al., 2003, Kivela, 
1992, Sanchez-Cespedes et al., 

2013) 
CD10 mammary tissue (Sanchez-Cespedes et al., 2013) 
L2E3 salivary glands (van den Oord et al., 1993) 
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Markers Tissue Reference 
p63 mammary tissue (Reis-Filho et al., 2003, 

Batistatou et al., 2003) 
maspin mammary tissue (Reis-Filho et al., 2003, 

Deugnier et al., 2002) 
S-100 protein mammary tissue, lacrimal 

gland 
(Reis-Filho et al., 2003, Kivela, 

1992) 
heavy caldesmon mammary tissue (Batistatou et al., 2003, Foschini 

et al., 2000) 
CD109 mammary, salivary, and 

lacrimal glands 
(Hasegawa et al., 2007) 

vimentin lacrimal gland (Kivela, 1992) 
GFAP lacrimal gland (Kivela, 1992) 

 
In this study was assessed the scarce expression of Ki67 in basal cells of the glandular 

acini. However, the proliferative marker Ki67 was neither expressed in MECs, nor in acinar 
cells. On the other hand, scarce basal cells of the acini expressed the progenitor marker c-kit. 
This results support previous findings in murine lacrimal glands of nestin-, and Ki67-
expressing proliferating cells which are a source of stem cells intermingled among acinar cells 
and MECs (You et al., 2011). It was suggested that such stem cells enter an epithelial-
mesenchymal transformation to generate mesenchymal stem cells which, in turn, generate 
glandular epithelial cells via mesenchymal-epithelial transition (You et al., 2012). But MECs 
could also supply the epithelial niche, as it was demonstrated that MEC-derived progenitors 
of the surface epithelium progressively extinguish α-SMA expression while adopting a basal 
cell phenotype (Lynch et al., 2018). In these regards, the c-kit-expressing MECs we found in 
the lacrimal gland could just be cells which switched to a progenitor phenotype. 

CONCLUSIONS 

Podoplanin is expressed in MECs of the lacrimal gland, thus it should be added to the 
already known specific markers of these cells. 
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