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Abstract

 

Leptin, a 16-kDa hormone, plays an important role in the control of food intake and in energy homeostasis both

in rodents and in man. Leptin is mainly produced and secreted by adipocytes, but other tissues and gastric glands

have also recently been shown to produce it in a dual (endocrine and exocrine) mode. In addition, a leptin receptor

has been detected in taste cells of mouse circumvallate papillae and in rat intestinal epithelium. These data

prompted us to carry out a detailed study of human salivary glands as potential leptin-producing organs. Biopsies

of salivary glands (submandibular and parotid) obtained from male and female patients during surgery for different

clinical indications were subjected to immunohistochemical study for the presence of leptin, its functional receptor,

insulin and glucagon. The presence and cellular distribution of glucocorticoid receptor in leptin-secreting cells were also

investigated. Double immunohistochemical staining (silver–gold intensification and avidin–biotin–peroxidase) was

used for the visualization of glucocorticoid receptor and leptin labelling, respectively. The results show that intra-

lobular duct cells of submandibular and parotid glands are immunoreactive for leptin, leptin receptor and glucagon

but not for insulin. Leptin was also detected in some microglobules in whole saliva obtained from four healthy

volunteers. Co-localization for leptin, leptin receptor and glucocorticoid receptor in the same cell type suggested

a functional relationship between glucocorticoid hormone and leptin secretion also at the level of the salivary glands.
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Introduction

 

Leptin, the leptin gene product, is a 16-kDa hormone

first reported to be produced by white adipocytes

(Zhang et al. 1994). It acts mainly on the hypothalamus,

where it exerts a strong neuroendocrine effect on

food intake and energy metabolism in both rodents

(Campfield et al. 1995; Pelleymount et al. 1995) and

man (Friedman & Halaas, 1998), as well as on several

peripheral organs (De Matteis et al. 1998). Leptin is also

expressed by other cell types (i.e. mammary gland and

placenta) (Casabiell et al. 1997; Masuzaki et al. 1997) and,

interestingly, by chief cells of rat and human stomach

glands. In man, leptin is localized in gastric exocrine

granules. In both species, food ingestion reduces leptin

expression (Bado et al. 1998; Cinti et al. 2000).

Together with the evidence for a leptin receptor in the

intestinal epithelium (Buyse et al. 2001a; Stan et al.

2001), and for a role for leptin in lipid (Morton et al.

1998; Stan et al. 2001), galactose (Barrenetxe et al. 2001)

and peptide (Buyse et al. 2001a) intestinal absorption,

these data suggest a possible exocrine function for

the hormone. In addition, the demonstration that a

subset of taste receptor cells in tongue epithelium

was affected by leptin administration and expressed

functional leptin receptor (lepR) (Kawai et al. 2000)

indicates that taste cells are a further peripheral site

of leptin action in the gastrointestinal tract.

These data prompted us to investigate whether the

human salivary glands could be a source of leptin. Since
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adipocytes, which produce leptin, are abundant in

the salivary gland parenchyma, we used immunohisto-

chemistry, which allows cell-specific phenotypical

detection of antigen localization, to study its presence.

Previous studies suggest that the major salivary glands

produce and secrete peptides with similarities to

pancreatic insulin (Lawrence et al. 1976; Murakami et al.

1982; Taouis et al. 1995; Égèa et al. 2000) and glucagon

(Lawrence et al. 1976a,b; Smith et al. 1979; Pérez-Castillo

& Blázquez, 1980), but their cytolocalization has never

been studied. We therefore also studied these proteins

with immunohistochemistry. Since adipocytes express

lepR together with lep, and glucocorticoids are known

to regulate leptin expression in adipose tissue (De

Vos et al. 1995; Buyse et al. 2001b), we investigated

the localization of these receptors in human salivary

glands.

 

Materials and methods

 

Patients and tissue preparation

 

Human parotid and submandibular gland samples

obtained from 10 patients of both sexes (aged 37–

76 years, BMI in the range of 21–30; glycaemia values in

the normal range: 76–120 mg dL

 

−

 

1

 

) for different clinical

indications, were collected according to the guidelines

of the Ethical Committee of the University of Cagliari.

The glands were immediately cut into small pieces

and fixed in 4% paraformaldehyde in 0.1 

 

M

 

 sodium

phosphate buffer (PB), pH 7.2, for 12 h at 4 

 

°

 

C. Tissue

specimens were dehydrated in a graded ethanol series

and embedded in paraffin blocks for light microscopy

and immunohistochemistry.

Whole saliva from four unstimulated (resting)

healthy subjects of both sexes (aged 27–40 years) was

collected with a micropipette, spread as a one-cell-

thick layer on a slide, air-dried, and fixed in acetone

for 10 min at room temperature. Smears and tissue

samples were processed for immunolocalization accord-

ing to the avidin–biotin–peroxidase technique (ABC

method; Hsu et al. 1981).

 

Antibodies

 

The following primary antibodies were used: rabbit

polyclonal antiserum raised against a peptide corres-

ponding to amino acids 137–156 at the carboxy ter-

minus of the leptin gene product of human origin (Santa

Cruz Biotech, CA, USA; diluted 1 : 150 v/v); goat poly-

clonal antiserum recognizing the amino terminus of all

the alternatively spliced forms of human lepR, i.e. lepR

 

s

 

and lepR

 

L

 

 (amino acids 32–51) (Santa Cruz Biotech;

diluted 1 : 400 v/v); goat polyclonal antiserum directed

against the peptide corresponding to amino acids

1146–1165 at the carboxy terminus of human leptin

receptor, thus recognizing only the long form of LepR

(Santa Cruz Biotech; diluted 1 : 300 v/v); guinea-pig

antiserum to insulin, prediluted and optimized for use

on human tissues (Dako, CA, USA); rabbit antiserum to

glucagon, prediluted and optimized for use on human

tissues (Dako); mouse monoclonal antiserum raised

against a peptide corresponding to the amino terminus

of the glucocorticoid receptor (Novocastra, UK; diluted

1 : 20 v/v). A high-temperature antigen unmasking tech-

nique was applied, as recommended by the manufacturer.

 

Immunohistochemistry

 

Serial sections 3 

 

µ

 

m in thickness were processed for

immunolocalization by the ABC method and incubated

according to the following incubation steps: 2% aqueous

hydrogen peroxide for 5 min at room temperature

(r.t.) to block endogenous peroxidase; two washes in

0.015 

 

M

 

 phosphate-buffered saline (PBS), pH 7.5; normal

goat serum diluted 1 : 75 in PBS for 20 min at r.t. to

reduce non-specific background staining (Vector Labor-

atories, CA, USA); incubation in primary antibodies,

overnight at high humidity at 4 

 

°

 

C. After thorough

washing, the sections were incubated in biotinylated

secondary antibodies (Vector Laboratories) at 1 : 200

dilution in PBS for 30 min at r.t., then washed again and

incubated in avidin–biotin–peroxidase complex, using

the Vectastain ABC kit (Vector Laboratories). After

further washes, peroxidase activity was detected by incu-

bation with 0.075% diaminobenzidine hydrochloride

and 0.02% hydrogen peroxide in 0.05 

 

M

 

 Tris buffer,

pH 7.6, for 4 min in a dark room. Sections were then

rinsed in tap water, counterstained with haematoxylin,

dehydrated and finally mounted in Eukitt (Kindler

GmbH & Co., Germany).

For double immunohistochemical staining, a silver–

gold intensification procedure, modified from the

technique described by Danscher & Nörgaard (1983),

was used for the visualization of glucocorticoid recep-

tor antibody–antigen binding (first immunostaining).

For the second immunostaining, leptin was labelled

with the ABC method as described above.
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Hydrated sections (3 

 

µ

 

m thick) of human salivary

glands were processed with glucocorticoid receptor

primary antibody (see above), thoroughly washed with

PBS, then incubated with goat antimouse IgG labelled

with 10-nm gold particles (British Biocell International,

UK) diluted 1 : 100 in 1% bovine serum albumin, 0.5%

Tween 20 and 0.1% TritonX-100 in PBS for 40 min at r.t.

Sections were repeatedly washed in PBS and processed

for the second immunostaining (leptin). After the visu-

alization of the leptin immunoreaction, the silver–gold

intensification procedure was performed. Sections

were counterstained with haematoxylin, dehydrated

and finally mounted in Eukitt.

Antibody specificity was tested by parallel demonstra-

tion of specific antigens in several human tissues processed

exactly like the experimental samples: leptin in human

stomach, placenta and white adipose tissue; leptin receptor

in pancreas, placenta and white adipose tissue; insulin

and glucagon in specific cell types of Langerhans islets;

glucocorticoid receptor in skin, lung, prostate and liver.

Method specificity was tested: (a) by omitting the

primary antibody; (b) by replacing the primary antibody

with non-immune specific serum; and (c) by incubating

sections with the antiserum saturated with the homo-

logous antigen. Each antibody was incubated with a

10-fold excess concentration of the homologous

peptide (15 

 

µ

 

g mL

 

−

 

1

 

 for 48 h); (d) using high-molar (0.5 

 

M

 

)

PBS as rinsing solution between the various steps of the

immunohistochemical protocol (Grube, 1980).

 

Results

 

The major salivary glands are tubuloacinar structures

made of tubules capped by acini. The human ductal

system is mainly composed of intralobular ducts

(consisting of a proximal intercalated part and a distal

striated one) and interlobular (excretory) ducts. A

variable amount of white adipocytes was observed in

the parenchyma of the salivary glands.

 

Leptin immunoreactivity

 

Both the intercalated and the striated tracts of

submandibular and parotid salivary gland intralobular

ducts stained for leptin (Fig. 1a–c). White adipocytes in

the parenchyma were consistently positive in all the

samples we studied (Fig. 1a). The interlobular ducts

and the other cell types in the tubuloacinar paren-

chyma never stained for leptin (Fig. 1b).

Leptin immunoreactivity was extremely variable and

in three of the 10 subjects both glands were completely

negative, although the white adipocytes (internal

control) were positive. This lack of immunoreactivity

suggested a possible metabolic correlation (BMI and

glycaemia) which we tested but did not find (data not

shown). Cytoplasmic staining was observed in epithe-

lial cells of varying shape and morphology around duct

lumina as well as in some cells of the basal portion of

striated ducts (Fig. 1e). Sometimes, completely nega-

tive epithelial cells were seen closely apposed to

intensely leptin-immunoreactive cells.

High-magnification microscopy demonstrated posi-

tive granules in the apical regions of duct cells; immuno-

reactive material was at times observed in the lumen

(Fig. 1e,f).

The saliva smears from the four volunteers showed

leptin-positive microglobules, whereas the seromucous

material and flaking epithelial cells were negative

(Fig. 1g,h).

 

Insulin and glucagon immunoreactivities

 

The samples analysed for leptin expression were pro-

cessed with anti-insulin and antiglucagon antibodies. The

salivary glands stained for glucagon but were insulin-

negative. Glucagon immunoreaction was detected

in the intralobular salivary ducts (Fig. 1d) in the same

cell types that stained for leptin in serial sections from

both types of glands. Again, staining intensity was

quite variable, and almost identical to leptin staining

even though one of three leptin-negative patients was

weakly glucagon-positive.

Antibody specificity was tested by demonstration of

glucagon and insulin in pancreas endocrine cells (isles of

Langerhans): specific cell types (

 

α

 

 cells for glucagon and 

 

β

 

cells for insulin) were used as positive controls (not shown).

 

Leptin receptor (lepR) immunoreactivity

 

All samples stained for both anti-lepR antisera, indicat-

ing that the functional lepR is localized in the major

salivary glands. LepR staining exhibited variable intensity

that was unrelated to leptin and glucagon expression.

Diffuse cytoplasmic staining was observed in most

epithelial cells of the intralobular (both intercalated and

striated) ducts but never in interlobular ducts (Fig. 2a).

Whereas the tubuloacinar parenchyma was negative,

all adipocytes were intensely lepR-positive.
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Glucocorticoid receptor (GR) immunoreactivity

 

We used a mouse monoclonal antibody prepared

against a peptide mapping at the GR N-terminus which

does not discriminate between the 

 

α

 

 and 

 

β

 

 isoforms. All

the tissues used as positive controls stained for GR, as

described in the literature (Adcock et al. 1996; Mohler

et al. 1996; Serres et al. 1996; Oakley et al. 1997).

Fig. 1 Immunohistochemistry of human major salivary glands. The primary antibodies were a polyclonal antileptin antiserum (A-
20), diluted 1 : 100 (a–c and e–h) and a prediluted polyclonal antiglucagon antiserum (d). Paraffin-embedded tissue, ABC method. 
(a,b) Intralobular duct epithelial cells showing cytoplasmic staining in both the parotid (a) and the submandibular (b) gland; some 
completely negative cells were closely apposed to leptin-positive ones (arrows in b). A leptin-negative excretory duct is also visible 
(S in b). (c) High magnification of leptin-positive parotid tissue. Strongly leptin-stained cuboid cells of a sprouting intercalated 
duct. The tubuloacinar cells (arrowheads) were not labelled. (d) Glucagon immunoreaction was detected exclusively in the 
intralobular ducts of a parotid gland. Most epithelial cells were labelled, but negative ones were also visible (arrows). Adipocytes 
were not labelled (arrowheads). (e,f) At high magnification, leptin immunoreactive granules were evident in the cytoplasm of 
the epithelial cells in a striated duct (e) and in a distal intercalated (f) duct. Sometimes these leptin-positive granules were in the 
apical portion of the cell (large arrowheads) or mixed to salivary material (small arrowheads). Some basal cells also stained 
for leptin (arrows). (g,h) Leptin-labelled microglobules in saliva were observed at high magnification. Scale bars: a,b = 44 µm; 
c = 17 µm; d = 88 µm; e,f = 20 µm; g,h = 9 µm.
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Fig. 2 (a) Immunohistochemistry of human major salivary gland (submandibular). The primary antibody is a polyclonal anti-lepR 
antiserum (C-20), diluted 1 : 300. Paraffin-embedded tissue, ABC method. The intralobular ducts showed diffuse cytoplasmic 
staining, whereas the interlobular ducts were not labelled (*). Adipocytes were also lepR-positive. (b,c) Double staining of human 
major salivary gland (parotid). A silver–gold intensification procedure, modified from the technique described by Danscher et al. 
(1983), was used for the histochemical visualization of glucocorticoid receptor (GR) antibody–antigen binding (first 
immunostaining; black). In the second immunostaining, leptin was labelled (yellowish brown) as described above (ABC method). 
A monoclonal anti-GR antiserum, diluted 1 : 20 and a polyclonal antileptin antiserum, diluted 1 : 120, were used. Paraffin-
embedded tissue. (b) Numerous intralobular duct cells exhibited double (leptin and GR) staining: the cytoplasm, nuclei, or both 
stained for GR, but the cytoplasm was also leptin-positive. Completely negative cells were also present (arrows). High-power inset 
of the area in (b): some cells showed clear GR staining around the nuclear outline (arrowheads); their cytoplasm was intensely 
leptin-immunoreactive. (c) Proximal intercalated duct in a different field of the same sample exhibiting leptin-positive cells, one 
of which also stains for GR (arrow). Scale bars: a = 60 µm; b,c = 12 µm; inset of b = 4.6 µm.
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GR was similarly distributed in submandibular and

parotid glands in many though not all intralobular duct

epithelial cells. Intense nuclear staining was observed

in some tubuloacinar cells (

 

c

 

. 10%) as well as in some

myoepithelial, interstitial and endothelial cells of

some vessels.

GR cytoplasmic staining was observed in the intra-

lobular ducts, in agreement with the subcellular

distribution of GR reported in several target tissues

(Antakly & Eisen, 1984; Wikstrom et al. 1987)

 

.

 

In double-labelling experiments, GR colocalized with

leptin (Fig. 2b,c).

 

Discussion

 

Saliva, which is mainly produced by the secretory acini

in the major salivary glands, is modified by duct cells

through the secretion and reabsorption of electrolytes

(Schneyer et al. 1972; Young & Van Lennep, 1979;

Young & Schneyer, 1981) and proteins (Hand, 1979;

Rutberg, 1961; Riva et al. 1976; Lima et al. 1977; Testa-

Riva, 1977).

Many of the organic products of the human salivary

glands are produced by tubuloacinar cells and enter

in the composition of the saliva by exocytosis. However,

some normal organic salivary components are pro-

duced by ductal cells in both mouse (Barka, 1980) and

man (Lantini & Cossu, 1998; Tandler & Phillips, 2000).

In this work, we demonstrate that human major

salivary glands contain leptin. The technique adopted

allowed us to demonstrate that leptin immunostaining

is localized exclusively in the epithelial cells of intra-

lobular ducts and that the same cells are positive for

glucagon as well as for glucocorticoid and leptin receptors.

Although glucagon was already known to be synthes-

ized by human salivary glands (Lawrence, 1976; Smith,

1979; Pérez-Castillo & Blázquez, 1980), the secreting

cell type had not yet been identified. Here we show, for

the first time, that intralobular ducts are the salivary

gland site of its production. As we were unable to

detect any insulin immunoreactivity, we cannot

confirm the findings of other authors (Lawrence et al.

1976; Murakami et al. 1982; Taouis et al. 1995; Égèa

et al. 2000).

We demonstrated that human major salivary glands

have cell types producing peptides such as leptin that

correspond to specialized epithelial cells, the granular

convoluted tubular cells, found in a large intralobular

portion of the tubules of rat salivary glands: these

secrete a number of polypeptide hormones (Antakly

et al. 1991). The detection of leptin in saliva suggests

that it is an exocrine secretory product.

Several data support leptin’s exocrine role in the

human gastroenteric tract: leptin is synthesized and

stored in the exocrine granules of gastric chief cells

and released after food ingestion (Cinti et al. 2000)

and after pharmacological stimulus (Sobhani et al.

2000). Furthermore, the peptide is not proteolytically

degraded (Sobhani et al. 2000), it reaches the intestine

in an active form and could thus have biological effects

on lipid (Morton et al. 1998; Stan et al. 2001), galactose

(Barrenetxe et al. 2001) and peptide absorption (Buyse

et al. 2001a).

Leptin secretion by the salivary glands could have a

role in gastrointestinal function. This hypothesis is

consistent with the recent demonstration that leptin

suppresses taste nerve responses to sweet stimuli in

mice, and with the detection of functional leptin recep-

tors in tongue epithelium (Kawai et al. 2000).

The variable leptin expression observed in our

subjects could be ascribed to their different endocrine

and metabolic parameters (Dubuc et al. 1998), although

we found no correlation with BMI and glycaemia.

The expression of functional leptin receptor in

leptin-producing cells suggests that leptin may exert an

autocrine regulatory control of its own synthesis as in

other target organs (Zhang et al. 1997). Nevertheless,

the hypothesis that the adipocytes found in salivary

gland parenchyma play an active role in the regulation

of salivary leptin expression cannot be ruled out with

certainty, especially as a considerable number of leptin-

producing adipocytes are consistently observed in

salivary gland parenchyma, and leptin expression by

them is known to be regulated by food intake (Saladin

et al. 1995; Kolaczynski et al. 1996).

While writing the final draft of the present manu-

script, Gröschl et al. (2001) reported the presence of

leptin in human saliva and leptin mRNA expression in

salivary glands. On the whole, our data are in line

with theirs. However, the different methodological

approach (ABC method on paraffin-embedded tissue)

and the high-resolution study of our samples allowed

us to demonstrate that the tubuloacinar parenchyma

and excretory ducts are totally leptin-negative.

Detection of the glucocorticoid receptors around the

nuclear outline of cells that stained intensely for leptin

suggested to us that glucocorticoids could regulate

leptin salivary secretion in human intralobular ducts, in
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line with their regulatory action on the synthesis of

parotid secretory proteins in rat (Johnson et al. 1987)

and HSG cells, a human neoplastic duct epithelial cell

line (Kurokawa et al. 1988). Finally, since glucocorti-

coids are known to regulate leptin expression in

adipose tissue (De Vos et al. 1995; Buyse et al. 2001b),

they might also be involved in the expression of

salivary leptin.
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