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Abstract: A number of fibroblast growth factors
(FGFs) are involved in regulatory mechanisms of the
salivary gland development. However, the role of FGF-
6 unique in myogenic cells has not been elucidated in
the developing sublingual gland. In the present study,
temporo-spatial expression of FGF-6 and its receptor
(FGFR)-4, in conjunction with some related histo-
chemical properties, were investigated in the sublingual
gland of the prenatal and early postnatal mice. The
earliest expression of both FGF-6 and FGFR-4 was
detected in immature acinar cells at gestational day 17
(GD17). The staining intensity increased gradually
and some acinar cells showed a distinct staining at
postnatal day 0 (PD0). The immunopositive cells had
a relatively round profile and were assumed to be
acinar cells. The positive staining decreased thereafter
and disappeared completely by PD11. To confirm 
the identity of cells positive for FGF-6, double
immunolabeling with anti-α smooth muscle actin
(αSMA) and anti-FGF-6 antibodies was performed. The
positive staining of αSMA, a marker of myoepithelial
cells, was detected in the flattened cells surrounding the
acini but not in the cells positive for FGF-6. The staining
properties of secretory granules in acinar cells were also
examined with periodic acid-Shiff (PAS) and alcian blue
(AB). PAS-positive granules abundant in the late
gestational stages (GD17 to PD0) began to be replaced
with AB-positive mucous granules at early neonatal
days (PD0-3), when the FGF-6/FGFR-4 expression
was the strongest. These findings suggest that FGF-

6/FGFR-4 might be involved in the changes of secretory
granule content of acinar cells in the sublingual gland
during the late gestational and early neonatal stages.
(J. Oral Sci. 48, 9-14, 2006)
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Introduction
The secretory units of the sublingual gland mainly

consist of two different cell types; mucous and serous
cells. These two cell types share a common lumen initially
and then serous cells begin to accumulate in the distal
periphery of acini to form serous demilune (1-4). In
addition to these two cell types, several other specific cell
lineages such as myoepithelial cells and oncocyte are
observed, although the biological functions of these cells
are not fully elucidated.

The development of the salivary glands is precisely
controlled by a number of factors (5-7). Out of these,
fibroblast growth factors (FGFs) consisting of 22 family
members (8) play crucial roles. For instance, FGF-
10/FGFR-2b signaling is important for morphogenesis of
embryonic submandibular gland (9). FGF-2/FGFR-1,
FGF-8/FGFR-2IIIc or FGF-10/FGFR-2b signalings
contribute to the bud formation and branching of embryonic
submandibular gland (10,11). FGF-6 has a unique
characteristic. The molecular structure of FGF-6 is very
similar to that of the other members of FGFs (8), however
its expression is found exclusively in myogenic cells and
appears to be crucial in the differentiation of fetal muscle
masses (12-15). Myoepithelial cells are known to express
muscle-specific proteins and are believed to be epithelially-
derived cells (16-19).
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In this study, the temporo-spatial expression of FGF-
6/FGFR-4 is examined in the developing mouse sublingual
gland. It has been discussed whether these molecules are
potentially involved in the development of sublingual gland
and, especially, in the myoepithelial cell differentiation.

Materials and Methods
Animals and tissue preparation

Pregnant ddY mice were purchased from Sankyo
Laboratory, Japan, and maintained under pathogen-free
conditions in the Animal Facility of Nihon University
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School of Dentistry. The mice were anesthetized
intraperitoneally with pentobarbital sodium (100 mg/kg
body weight). Developing sublingual glands were excised
from fetuses at 16, 17, 18 days of gestation (GD16, 17,
18; n = 4) and from postnatal animals at 0, 1, 3, 7, 11, 14
days (PD0, 1, 3, 7, 11, 14; n = 3). Specimens fixed in 4%
paraformaldehyde for 16 hrs were embedded in paraffin
and processed for Hematoxylin-Eosin (HE) staining.
Histochemical analysis was performed with periodic acid-
Schiff (PAS) and alcian blue (AB) according to the
procedures described (20). Specimens embedded
immediately in OCT compound (Sakura Finetechnical,
Tokyo) and frozen in liquid nitrogen were used to prepare
cryosections for immunohistochemical examination.

Antibodies
Rabbit polyclonal antiserum to human FGF-6 and goat

polyclonal antiserum to mouse FGFR-4 purchased from
Santa Cruz Biotechnology (Santa Cruz, CA, USA) were
used at 1 : 100 dilution. Goat polyclonal antiserum to
human FGF-6 from R & D systems (USA) was used at 1
: 75 dilution (14). Mouse monoclonal antibody to human
αsmooth muscle actin (αSMA) from Dako Cytomation
(clone 1A4, Kyoto, Japan) was used at 1 : 200 dilution (21).
Secondary antibodies, horseradish peroxidase (HRP)-
conjugated goat polyclonal antiserum to rabbit IgG and
HRP-conjugated rabbit polyclonal antiserum to goat IgG
were purchased from Santa Cruz Biotechnology (Santa
Cruz, CA, USA). HRP-conjugated goat polyclonal
antiserum to mouse IgG was purchased from Upstate
(MA, USA). Fluorescein isothiocyanate (FITC)-
conjugated goat polyclonal antiserum to mouse IgG 
and tetramethyrhodamine isothiocyanate (TRITC)-
conjugated goat polyclonal antiserum to rabbit IgG were

purchased from Chemicon (USA). Secondary antibodies
were used at 1 : 100 dilution except from antiserum to
mouse IgG, which was diluted to 1 : 400. These antibodies
were diluted with 1% bovine serum albumin (BSA) in
phosphate buffered saline (PBS; pH 7.35).

Immunohistochemistry
Cryosections, 8 µm in thickness, were fixed with ice-

cold acetone for 15 min, and incubated for 30 min with
0.3% H2O2 to block endogenous peroxidase activity and
then for 30 min with 1% BSA-PBS to block the nonspecific
binding. The sections were incubated overnight at 4°C with
each primary antibody diluted with 1% BSA-PBS. These
sections were washed extensively with PBS and incubated
with the HRP-conjugated secondary antibodies for 60
min at room temperature. After washing with PBS, the
sections were incubated with 0.42 mg/ml of 3, 3'-
diaminobenzidine tetrahydrochloride (DAB; Sigma
Chemical, MO, USA) and 0.001% H2O2 solution for
15min at room temperature. The immunostained sections
were washed with PBS and counterstained with
hematoxylin. Controls for immunostaining were performed
by substituting the primary antibodies with 1% BSA-PBS.

For immunofluorescence staining, cryosections were
incubated with rabbit polyclonal antiserum to human FGF-
6 and mouse monoclonal antibody to human αSMA
overnight at 4°C. After washing with PBS, the sections were
incubated with FITC- and TRITC-conjugated secondary
antibodies for 1 hr at room temperature and washed with
PBS. The stained sections embedded in mounting medium
(Kirkegaard & Perry Laboratories, WA, USA) were
examined with an epifluorescence microscope (ECLIPSE
E600; Nikon, Tokyo).

Fig. 1 HE stainings of mouse sublingual gland.
(a) The immature acinar cells have large nuclei and cuboidal cytoplasms at GD18. (b) Acini are capped with eosinophilic
demilune cells (arrows) at PD0. (c) Demilune cells (arrows) have a flattened shape at PD7. Scale bar = 25 µm. Magnification
ratios of a-c are the same.

Fig. 2 PAS and AB double stainings of the mouse sublingual gland.
(a) No positive stainings were detected at GD16 (arrowheads show the outline of acini). (b) At GD17, the basal side cytoplasm
of acinar cells was positively stained with PAS (inset shows the cell indicated by arrowheads; oil immersion image). (c)
At PD11, acinar cells showed positive reactions only for AB. Scale bar = 25 µm. Magnification ratios of a-c are the same.

Fig. 3 Immunohistochemical stainings of mouse sublingual gland with anti-FGF-6 and anti-FGFR-4.
(a, d) Both FGF-6 and FGFR-4 were detected first at GD17. (b, e) The strong positive reactions were observed at PD0.
(c, f) No positive reactions were seen at PD11. Scale bar = 25 µm. Magnification ratios of a-f are the same.

Fig. 4 Immunofluoresence stainings of mouse sublingual gland with anti-αSMA and anti-FGF6.
(a) Anti-αSMA antibody stained the flattened cells surrounding the acini. (b) Anti-FGF-6 antibody stained the acinar
cells. (c) No overlapped stainings was observed, when the green fluorescein (a) was superimposed on the red (b). Scale
bar = 25 µm. Magnification ratios of a-c are the same.
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Results
HE staining

HE staining results of the developing sublingual glands
are shown in Figure 1. At GD18, acinar cells showed
large nuclei and cuboidal cytoplasm and appeared still
immature. A few eosinophilic cells were sparsely distributed
among those immature cells (Fig. 1a). The number of
acini increased as development proceeded, and most acini
observed at PD0 were capped with relatively large
eosinophilic, demilune cells (Fig. 1b). However, by PD7,
serous cells in the form of demilune decreased in their size
and became flattened. In contrast, the size of the mucous
acinar cells increased (Fig. 1c).

PAS and AB staining
The PAS and AB staining properties of acinar cells

showed marked changes during development. At GD16,
immature acinar cells were completely negative with PAS
and AB staining (Fig. 2a), but only one day later, at GD17,
the cells became positive (Fig. 2b). PAS-positive granules
were numerous in the basal side of cytoplasm, and AB
staining was detected in the apical side. The number of
PAS-positive granules in acinar cells decreased gradually
and PAS-positive granules became preferentially located
in the basal side of the acinar cells at PD0. PAS-positive
granules disappeared by PD11 and the cytoplasm of
mucous acinar cells were densely occupied with AB-
positive granules (Fig. 2c).

Immunohistochemical staining
FGF-6 and FGFR-4 were first detected at GD17 in the

cytoplasm of acinar cells (Fig. 3a, d). The staining intensity
increased as development proceeded and was strongest
during the period from PD0 to PD3 (Fig. 3b, e). Positive
staining of FGF-6 was observed in the lumen and cytoplasm
of acinar cells (Fig. 3b), while FGFR-4 staining was
observed only within the cytoplasm (Fig. 3e). There are
some differences in the distribution of FGF-6 and FGFR-
4, however their temporal expression pattern was
coordinated with each other. The intense staining of FGF-
6 and FGFR-4 and the number of positive acinar cells
decreased after PD3 and the distinct staining disappeared
by PD11 (Fig. 3c, f).

Two different kinds of antibodies to FGF-6 were used
in this study and no difference was found in their staining
patterns (data not shown). Moreover, control sections
incubated with nonimmune serum in place of first
antibodies lacked specific staining as described above.

In the double immunolabeling with anti-αSMA and
anti-FGF-6, anti-αSMA conjugated with FITC visualized
green flattened cells surrounding acini (Fig. 4a). On the

other hand, anti-FGF-6 conjugated with TRITC stained
reddish acinar cells (Fig. 4b). In the images exposed
doubly for FITC and TRITC, no overlapped staining was
observed (Fig. 4c), indicating that α SMA-positive,
myoepithelial cells were distinct from FGF-6-positive
acinar cells.

Discussion
It is believed that the expression of FGF-6 is restricted

to myogenic cells (12-15). The only exception reported so
far is human prostate gland in which non-muscle cells have
been shown to express FGF-6 in a pathological condition
(22). Thus, FGF-6 expressed in the developing sublingual
gland is likely to be detected in the myoepithelial cells.
However, FGF-6-positive cells are morphologically
indistinguishable from acinar cells. This notion is confirmed
by double immunolabeling with anti-αSMA and anti-
FGF-6; namely, αSMA-positive myoepithelial cells and
FGF-6-expressing acinar cells were demonstrated as two
distinct cell populations.

Another major finding in this study is that both FGF-6
and FGFR-4 have been localized in the developing
sublingual gland in a temporo-spatially specific manner.
Exact spatial distributions of these two molecules were
slightly different. FGF-6 was localized in the lumen and
in the cytoplasm of acinar cells and FGFR-4 was shown
only within the cytoplasm. However, their temporal
expression pattern was coordinated with each other, which
suggests a developmental stage-specific functional
correlation between FGF-6 and FGFR-4. Their highest
expression was observed from PD0 to 3, which is late when
compared with the expression of other FGF family members
involved in the epithelial budding and/or branching
morphogenesis of the salivary gland (9-11).

The functional significance of FGF-6/FGFR-4 expression
in the sublingual gland is unknown. However, it is important
to note that the timing of the expression of FGF-6/FGFR-
4 corresponds to the onset of suckling. Histochemical
analysis with PAS and AB staining in this study showed
that a transient increase of PAS-positive secretory granules
was temporally consistent with the initial expression of
FGF-6 and FGFR-4. The PAS-positive granules in the
late gestational stages decreased considerably and began
to be replaced with AB-positive mucous granules in the
early neonatal days (PD0-3), when FGF-6/FGFR-4 is
highly expressed in the sublingual gland acini. These
changes are likely to be related to the neonate suckling,
or dietary intake of milk. The FGF-6/FGFR-4 might be
involved, in concert with the other functionally related
molecules, in the regulation of cellular changes which
occur at birth in the sublingual gland.
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