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RAPID COMMUNICATION

A New Mutation Involving the Sublingual Gland in
NFS/N Mice

Partially Arrested Mucous Cell Diffierentiation

YOSHIO HAYASHI, DDS, D Med Sci,
AKINORI KOJIMA, MD, MAMI HATA, BP,

and KATSUIKU HIROKAWA,MD

A new mutation in mice affecting the mucous cell
differentiation of the sublingual glands is described.
The normal mouse sublingual glands are mucus-se-
creting and virtually all the acinar cells differentiate
to mucus-rich cells by the day ofbirth. In contrast, all
endpieces of newborn mutant mice consisted of acini
ofimmature cuboidal cells. However, normal mucous
cells, staining intensively with mucin-specific stains
such as Alcian blue at pH 2.5 or mucicarmine, ap-
peared in the mutant mice from an early age singly or
in groups in a small number ofacini, and their number

IT HAS BEEN SHOWN that the salivary acini are
composed of highly differentiated serous and mucous
cells. In the sublingual glands of many species, the
mucus-secreting cells are the predominant compo-
nent, although there are scattered, purely serous acini
occurring as demilunes capping otherwise normal
mucous tubulo-acini. A well-known difference be-
tween serous and mucous cells is that the former con-
tain secretory granules rich in various proteolytic en-
zymes, whereas the latter do not. 1-3 Therefore, the dis-
tinction between the serous and mucus glands is based
on the nature of the secretion products. Convention-
ally, the morphologically defined mucus-secreting
cells can be stained with various mucin-specific
stains. 13
A new spontaneous autosomal recessive mutation

occurring in the inbred mouse strain NFS/N severely
inhibits the acinar cells of the sublingual gland from
differentiating to the mucus-secreting cells. This new
mutation has provisionally been named sublingual
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apparently increased with age to occupy over 30% of
the total acinar cells. Ultrastructurally, irregular secre-
tion granules of varying electron-density, distinct
from ordinary sublingual mucin granules, were fre-
quently observed in the cytoplasm ofthe immature ac-
inar cells in the mutant phenotype. The genetic analy-
sis showed that a single autosomal recessive gene deter-
mined the observed abnormality. This is the first
salivary gland mutation and will provide a critical
model for the study ofsalivary mucous cell differenti-
ation. (AmJ Pathol 1988,132:187-191)

gland differentiation arrest, with the gene symbol sld.4
This study reports data on its natural course and basic
histopathology.

Materials and Methods

Animals

The NFS/N strain mice carrying the mutant gene
sld were obtained as breeding pairs from Dr. T. No-
mura of the Central Institute for Experimental Ani-
mals, Kawasaki, Japan, and propagated for experi-
mental use. A congenic normal strain, NFS/N("+/
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Figure 1 -Histologic appearances and muoin-specific stains of the sublingual glands in mice. Photomicrographs of a normal (+/+) mouse at 6 weeks of age
composed of predominantly mucous acini. (A-H & E, x220, B-Mucicarmnine stain, x220) Photomicrographs of the mutant (sid/sid) phenotype at the same
age demonstrating a small number of mucous acini positively stained with mucin-specific stain. (C-H & E, xc220, D-Mucicarmine stain, X220)
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+"), was established by introducing the normal wild
gene "+" from a BALB/c mouse into the NFS/N
strain and was used as a control after 8 successive
backcrosses.4 None ofthe 19 biochemical markers ex-

amined (Idh-1, Pep-3b, Akp-lb, Hc', Car-2b, Mup la,
Gpd- 1b, Pgm-_la, Ldr- lb, Gpi-lb, Hbbd, Es- 1, Es-2b,
Thy-lb, Mod-la, Trf", Es-3a, H-2Ks, H-2Dq) differed
between congenic normal NFS/N and original mu-

tant NFS/N-sld/sld mice. (Katoh H, personal com-
munication). Mice were reared with commercial pel-
let diet and provided with tap water ad libitum.

Genetic Analysis

The mode ofinheritance ofthe sublingual gland ab-
normality was studied by crossing NFS/N mice ofthe
mutant phenotype to BALB/c mice ofnormal pheno-
type. When the offspring were 1 month old, their sub-
lingual glands were examined histologically and the
normal and mutant phenotypes were determined.

Light and Electron Microscopy

Major organs as well as submandibular, parotid,
and sublingual glands were removed from the sacri-
ficed mice, fixed with 10% phosphate-buffered formal-
dehyde (pH 7.2), and prepared for histologic examina-
tion. All the sections were stained routinely with he-
matoxylin and eosin (H & E) and some were stained
with periodic acid-Schiff(PAS), Alcian blue atpH 2.5,
or mucicarmine staining. To quantify the degree of
partially arrested differentiation ofthe sublingual mu-
cous cells in mutant mice, the numbers of mucicar-
mine-stained and unstained acinar cells were counted
microscopically in cross-sections at the middle part of
the gland after mucicarmine staining at X 100 magni-
fication. The percentage was calculated as the propor-
tion of the mucicarmine-positive cells in the total
number of acinar cells. Values are the averages of 3
samples.
For transmission electron microscopy, the sublin-

gual gland tissues were fixed for 2 hours in 2.5% glu-
taraldehyde buffered with 0.1 M phosphate (pH 7.2)
and dissected into small pieces ofabout 2 cu mm. Af-
ter being washed in phosphate buffer, these materials
were postfixed with 1% phosphate buffered osmium
tetroxide for 1 hour, dehydrated step-by-step with eth-
anol, and embedded in Quetol-8 12. Ultrathin sections
were cut on a LKB ultramicrotome and stained with
uranyl acetate and lead hydroxide. The finished prep-
arations were observed under a Hitachi electron mi-
croscope, Model H-600.

Table 1 -Percentage of Mucous Cells to the Total Number
of Sublingual Acinar Cells in NFS/N-s/d/sld Mice

Mucous cells* in sublingual gland
Weeks
of age Male Female

1 2.08 ± 0.45%t 2.43 ± 0.51%
2 3.46 ± 0.59% 3.72 ± 0.60%
3 4.26 ± 0.34% 4.18 ± 0.47%
4 4.82 ± 0.56% 4.54 ± 0.82%
6 6.98 ± 1.02% 7.12 ± 0.89%
8 9.24 ±1.17% 10.08±1.32%
12 14.06±1.78% 13.25 ±1.66%
16 17.88 ±1.98% 16.12 ±1.82%
24 21.45 ± 2.17% 23.07 ± 2.28%
36 30.14 ± 2.44% 28.76 ± 2.59%

The number of mucicarmine-stalned mucous cells was microscopically
counted in cross-sections at the middle part of the gland under x 100 magni-
fication. More than 500 acinar cells were counted for each sample.

t The percentage was calculated as the proportion of the mucicarmine-
positive cells to the total number of acinar cells. Values are the average of 3
samples ± standard deviation.

Results and Discussion

Macroscopically, the sublingual glands of the mu-
tant NFS/N-sld/sld mice were similar in their posi-
tion, size, and color to those ofnormal congenic NFS/
N-"+/+" mice. In normal mice, the sublingual glands
were predominantly mucus-secreting and composed
ofacini containing tall pyramidal cells with basally lo-
cated nuclei and pale-to blue-staining cytoplasm with
H & E (Figure IA). They stained intensely with PAS,
Alcian blue at pH 2.5, and mucicarmine stains (Figure
1B). In contrast, the sublingual glands ofmutant phe-
notype were characterized by severely inhibited acinar
cell differentiation to the mucus-secreting cells in both
sexes, their cytoplasm being acidophilic with H & E
(Figure 1C). In the mutant phenotype, the mucus-rich
cells did not exist in newborn mice, but appeared in
neonatal mice singly or in groups in a small number
of acini and gradually increased in number with age
to occupy over 30% of the total acinar cells (Figure
1 D). These mucous cells were indistinguishable from
those of normal phenotype in their morphology and
stainability with mucin-specific stains including Al-
cian blue, which at pH 2.5 selectively stains the acidic
mucosubstances of mucus-secreting cells.'-3 Table 1
summarizes the proportion of mucicarmine-positive
mucous cells to the total number ofacinar cells in the
mutant mice aged from 1 to 36 weeks.
On electron microscopy, large, homogenously elec-

tron lucent secretion droplets occupied most of the
mucous cells in the normal phenotype. In contrast,
several unusual ultrastructural features were observed
in the immature acinar cells ofthe mutant mice (Fig-
ure 2). Their cytoplasm contained irregular secretion
granules ofvarying electron density, distinct from or-
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Figure 2-Electron micrographs of the sublingual gland of the mutant (sid/sid) phenotype at 6 weeks of age. A-Immature acinar cells, adjacent to the
mucous cells (right, lower side), contain irregular secretion granules of varying electron density and dilated rough endoplasmic reticulum. (X3200) B-
Higher power view of A showing the secretion granules in the apical cytoplasm. (X7200)
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dinary electron lucent mucus granules.5-8 Because
these abnormal secretion granules were morphologi-
cally similar in some portion to the serous secretory
granules but also similar to the noncoalescent mucus
granules of fetal mouse sublingual acinar cells, more
detailed comparisons are needed and now in progress.
Additional abnormal organelles were the irregularly
dilated rough endoplasmic reticulum and the
branched cisternae. Moreover, various unusual alter-
ations such as vacuolar changes or decrease in the pro-
portion of free ribosomes were frequently observed in
the cytoplasm of the mutant phenotype. Golgi com-
plexes were present mainly in the supranculear area,
and the mitochondria with lamellar cristae were dis-
tributed in the entire cytoplasm with a slight prefer-
ence for the peripheral areas. No distinct alterations
were observed in the ductural and myoepithelial cell
components compared with the normal structure.9"
The 2 other major salivary glands, parotid and sub-

mandibular, appeared to be normal on conventional
histologic examinations. Other mucous cells in organs
such as the trachea, lung, stomach, and intestine had
no specific morphologic abnormality.

Genetic analysis showed all the (NFS/N X BALB/
c)Fl-sld/+ mice, irrespective of sex, to have a normal
phenotype, indicating the recessiveness ofthe mutant
gene. In the F2 and backcross (to NFS/N) generations,
the ratios ofthe mutant to normal phenotype were 21:
55 (expected, 1:3) and 43:65 (expected, 1:1), respec-
tively. In the subsequent backcross generations (N3-
N8) studied to establish a congenic normal line, the
mutant to normal ratio was 130:131, close to the ex-
pected 1:1 ratio. These data clearly show that a single
autosomal recessive gene, sld, determines the abnor-
mal phenotype ofthe sublingual glands in the NFS/N
subline.4 The gene effect of sld is obscure, but the fact
that a considerable number of mutant acinar cells re-
cover the normal phenotype with aging indicates that
sld is a mutation ofa regulatory gene and its inhibitory
effect decreases with age. The new mutant phenotype
involving the sublingual gland is confined so far to this
NFS/N subline from a number of inbred strains of
mice studied. In fact, another NFS/N subline avail-
able in Japan, possessing the same biochemical mark-

ers as the mutant line in all the 19 loci so far exam-
ined, had the normal sublingual gland. This suggests
that the sld mutation occurred in an NFS/N colony
after this strain was established, not introduced by ge-
netic contamination ofother strain ofmice.

This study describes the characteristics of a new
mutant phenotype affecting the sublingual mucous
cell differentiation in NFS/N strain mice, together
with the genetic data. This autosomal recessive muta-
tion induces the partial arrest ofthe acinar cells ofthe
sublingual glands to differentiate to the mucus-secret-
ing cells. This is the first morphologically detectable
salivary gland mutation in the mouse and will provide
a critical model for the study of salivary mucous cell
differentiation.
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