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Abstract

 

In order to increase current knowledge regarding statherin secretion into the oral cavity, ultrastructural localization
of this peptide was investigated in human salivary glands by using a post-embedding immunogold staining
technique. Statherin reactivity was found inside the granules of serous cells of parotid and submandibular glands.
In parotid granules immunostaining was preferentially present in the less electron-dense region, whereas in
submandibular serous granules the reactivity was uniform and the dense core always stained. By contrast, none or
weak reactivity was observed in serous cells of major sublingual glands. These findings reveal for the first time the
subcellular localization of statherin by electron transmission microscopy and confirm that of the three major types
of salivary glands, the parotid and submandibular glands are the greatest source of salivary statherin. Moreover,
they suggest that more than one packaging mechanism may be involved in the storage of statherin within serous
granules of salivary glands.
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Introduction

 

Saliva is crucial for the maintenance of oral health (Humphrey
& Williamson, 2001) in that it contains a complex mixture
of molecules possessing a multitude of functions, such as
lubrication of the oral mucosa, defence from infections,
prevention of tooth demineralization and promotion of
tooth remineralization.

Salivary components include two small phosphoproteins,
statherin and histatin, which seem to share a common
ancestral gene responsible for their sequence. Both sta-
therin and histatin contribute to form the acquired enamel
pellicle, which enhances the function of saliva as a protective
layer on the mucosal surfaces and teeth (Schupbach et al.
2001). A strong correlation between high salivary con-
centrations of phosphopeptides and the absence of dental
caries was demonstrated (Sreebny, 2000; Vitorino et al.
2005). However, the mechanisms by which they act to
maintain oral health seem to be quite different. Whereas
histatin acts by entering bacterial or fungal cells and altering
directly their metabolism, the most well-known activities
of statherin are, by contrast, related to microbial adhesion

events associated with dental plaque formation (Douglas
et al. 1991) and bacterial colonization (Gibbons & Hay,
1988). Moreover, statherin is the only salivary protein that
inhibits both primary and secondary calcium phosphate
precipitation (Hay & Schlesinger, 1977; Moreno et al. 1979;
Schwartz et al. 1992). Through its influence on the trans-
port of calcium and phosphate, statherin can also affect
salivary gland secretion (Bennick et al. 1981). Interestingly,
a reduction of statherin levels was observed in saliva of
patients with precancerous and cancerous lesions (Contucci
et al. 2005).

Statherin mRNA was detected in human and rhesus
parotid and submandibular glands, in human bronchus, in
rhesus lacrimal glands, and in macaque taste-bud tissues
containing serous cells of von Ebner’s glands (Sabatini
et al. 1989; Azen et al. 1990). Until now, direct evidence
for the presence of statherin in human salivary glands has
not been provided, except for data obtained in human
von Ebner’s gland by immunohistochemistry at the light
microscopy level (Azen et al. 1990).

The aim of the present study was to show the subcellular
localization of statherin in human salivary glands at the
electron transmission microscopy (TEM) level applying a
post-embedding immunogold (IGS) technique.

 

Materials and methods

 

Samples of normal parotid, submandibular and major sublingual
glands were obtained from 15 consenting male and female
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patients, aged 40–60 years, undergoing surgery at the Otorhi-
nolaryngology Clinic, University of Cagliari, Italy. All procedures
were approved by the respective institutional committees on
human experimentation at the ASL 8 (azienda sanitaria locale 8),
Cagliari. For TEM studies the glands were cut into small pieces and
fixed for 2 h in a mixture of 3% paraformaldehyde and 1%
glutaraldehyde in 0.1 

 

M

 

 cacodylate buffer (pH 7.2). The samples
were then rinsed in 0.1 

 

M

 

 cacodylate buffer supplemented with
3.5% sucrose, dehydrated, and embedded in Epon Resin (Glycide
Ether 100, Merk, Darmstadt, Germany). Ultrathin sections collected
on nickel grids were treated with 1% bovine serum albumin (BSA)
and 5% normal rabbit serum (NRS) in phosphate-buffered saline
(PBS) solution to block non-specific binding. The sections were
incubated overnight at 4 

 

°

 

C with a goat polyclonal antibody
specific for statherin (Santa Cruz Biotechnology), diluted 1 : 50 in
1% BSA and 5% NRS. After rinsing, the grids were incubated for
1 h at room temperature with the secondary antiserum, a rabbit
anti-goat IgG labelled with 10-nm gold particles (Sigma) diluted
1 : 50 in BSA–PBS. The grids were washed with PBS and distilled
water, stained with uranyl acetate and bismuth subnitrate (Riva,
1974), and finally observed and photographed in a JEOL 100S
transmission electron microscope. Sections incubated with medium
devoid of primary antibody or containing non-immune goat serum
were used as controls.

 

Results

 

Immunogold staining experiments showed that statherin
was reactive in serous cells of human parotid and sub-
mandibular glands, primarily in the secretory granules.

The intragranular distribution of the gold particles was
different in the two glands. In granules of the six parotid
glands examined, a strong reactivity was usually observed
in the pale portions, while those of medium density
appeared labelled less frequently (Fig. 1a,b). The spherules
were punctuated only exceptionally. In granules of the
four submandibular glands examined, statherin labelling
usually appeared uniformly distributed (Fig. 1c), although in
some instances the dense core displayed an intense reactivity,
whereas the remaining area of the granules was unstained
(Fig. 2a–c). In both parotid and submandibular glands, a
weak reactivity was often detected in Golgi cisternae and
in rough endoplasmic reticulum (Fig. 3a,b), while all other
organelles were always negative.

In the five sublingual glands examined, a faint reactivity
to statherin was occasionally observed in a small number
of serous granules (Fig. 4). The controls of all glands examined
were negative.

 

Discussion

 

The present study demonstrates for the first time the
ultrastructural localization of statherin in human salivary
glands. Immunoreactivity was invariably detected in serous
cells of human parotid and submandibular glands, but
only occasionally in this type of cells in the sublingual
glands. No reactivity was observed in mucous and duct
cells of these glands.

Results support earlier studies that demonstrated the
presence of statherin mRNA in parotid and submandibular
gland parenchyma (Sabatini et al. 1989), thus confirming
that these glands are the principal source of salivary statherin.
By contrast, no previous papers have mentioned the presence
of statherin or mRNA statherin in sublingual gland. Thus,
the weak or absent reactivity of the sublingual granules
testifies that the contribution of this gland, comprising
predominantly mucous elements, in the production of
statherin is insignificant. It is reasonable to assume there-
fore that the synthesis of statherin is a property of the serous
cells of the parotid and submandibular, whereas the
sublingual and minor mucous salivary glands participate
only minimally to the production of this peptide.

In parotid and submandibular glands, immunoreactivity
was primarily confined to serous granules, where gold
particles exhibited a peculiar distribution pattern in the
different secretory components. Typical serous granules of
human salivary glands display a complex internal sub-
structure owing to the presence of components of various
electron densities, possibly reflecting a different chemical
composition (Tandler & Erlandson, 1972; Riva & Riva-Testa,

Fig. 1 Granules of acinar parotid cells; immunogold labelling is 
preferentially present in the pale portion (a,b). Submandibular serous 
cells. Immunoreactivity is found throughout the granule content (c).
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1973; Riva et al. 1974, 1988; Tandler & Phillips, 1993). Immuno-
histochemical investigations reveal that granules of serous
cells of parotid and submandibular glands contain amylase
especially concentrated in the electron-dense regions,
whereas agglutinin, mucins and blood group antigens are
seen in those of lower density (Takano et al. 1991, 1993;
Cossu et al. 1992). In contrast, the proline-rich proteins are
distributed throughout the granules (Takano et al. 1993).
It was supposed that the intrinsic domain of salivary
proteins may be responsible for the localization of these
proteins into distinct regions of the granules (Castle &
Castle, 1993; Takano et al. 1993). In the present experiments,
statherin reactivity showed a different intragranular
distribution in the two glands, as submandibular granules
usually appeared uniformly labelled, whereas, in parotid
granules, only the pale component was stained. On the
one hand, this difference could be an artefact resulting from
a step in tissue processing; on the other hand, it could be
related to the presence of different forms and derivatives

Fig. 3 Portions of a serous cell of the submandibular gland. Golgi 
apparatus (a, arrow) and rough endoplasmic reticulum (b) are decorated 
by gold particles.

Fig. 2 Submandibular granules (a–c). Almost 
all granules show a uniform reactivity. 
Occasionally (arrow), they show a strongly 
reactive dense core.
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of statherin in human saliva (Jensen et al. 1991; Inzitari
et al. 2006). The primary structure of statherin was charac-
terized by Schlesinger & Hay (1977) and the sequences of
statherin variants by Jensen et al. (1991). These variants
are the result of unknown internal control mechanisms
that are responsible for post-translational modification
and alternative splicing of the statherin gene product. The
differing distribution of immunoreactivity in the granules
of parotid and submandibular glands could be imputed to
these statherin variants, which might be arranged into
complex structures with calcium or bound to other proteins,
occupying diverse electron-dense areas within the granules.

Our immunohistochemical results revealed a distribution
pattern of statherin very different to that obtained for
histatin (Ahmad et al. 2004). In the experiments of Ahmad
et al. (2004), parotid granules stained uniformly for hista-
tin, whereas the submandibular and sublingual serous
granules showed heterogeneous patterns of labelling.
Although histatin seems to share a common ancestral
gene with statherin (Dickinson et al. 1987) and responds
similarly to masticatory and gustatory stimulations, there
is increasing evidence that their synthesis and packaging
undergo different control pathways. For example, sta-
therin secretion is modified to significantly different degrees
in response to secretagogues and, in contrast to histatin,

does not follow a circadian rhythm (Jensen et al. 1994;
Castagnola et al. 2002).

Thus, our data increase current knowledge regarding
the distributions of the different salivary proteins in the
parenchyma of salivary glands and provide novel evidence
that different mechanisms may be involved in the packaging
of salivary proteins within the secretory granule.
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