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Summary

The present study was directed towards the charac-
terization of cell-specific histogenetic markers for the
various epithelial elements of the adult and the devel-
oping guinea pig submandibular salivary gland. We
have employed immunofluorescent labelling using
three cytokeratin monoclonal antibodies, for which
the polypeptide specificities towards guinea pig cyto-
keratins were determined. All the epithelial elements
of the adult gland were positively labelled with two
monoclonal antibodies, namely KG 8.13 (‘broad spec-
trum’ anti-cytokeratin) and antibody KsB.18 (reac-
tive with a simple cytokeratin-specific polypeptide of
49x10°M,). Antibody KS 8.58 (reactive with a guinea
pig cytokeratin polypeptide of 50x10>M,) labelled
the basal cells of the large ducts, as well as the
myoepithelium. During development of the gland, the
submandibular anlage and its primary and secondary

branches with their terminal buds, were uniformly
labelled with the three antibodies; however, the cyto-
keratin polypeptides reactive with antibody KS 8.58,
which were apparently expressed in all cells of the
developing ducts, gradually disappear from most of
the ductal cells, starting at about 6 weeks of gestation,
and remain only in the basal or reserve cells of the
large ducts and the myoepithelium. These obser-
vations support the notion that the basal cells retain
at least some of the properties of the embryonic
glandular epithelium and could be considered as
pluripotent reserve cells which may function as pro-
genitors for other epithelial elements in the salivary
glands epithelia.
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Introduction

During the last 20 years it has been commonly
postulated that all the epithelial cells of salivary
glands arise from pluripotent reserve cell progenitors
which are present along the excretory duct (Tamarin
& Greenberg, 1965; Shackleford & Schneyer, 1971;
Eversole, 1971; Young & Van Lennep, 1978). Fur-
thermore, it was proposed that neoplastic transform-
ation of these cells gives rise to diverse salivary gland
neoplasms (Eversole, 1971; Batsakis, 1980; Regezi &
Batsakis, 1977), with either monomorphic or pleo-
morphic nature. To study these developmental pro-
cesses, attempts have been made to identify specific
molecular markers for the various glandular epi-
thelia.

In previous studies, we have shown that immuno-
cytochemical labelling for specific intermediate fila-

ments (IF) may be used to distinguish the different
epithelial elements of human salivary glands (Geiger,
Geiger, Leitner & Marshak, 1987).

Recent studies have indicated that IF may be used
as reliable histogenetic markers for normal and malig-
nant tissues (Anderton, 1981; Lazarides, 1980;
Franke et al. 1982; Osborn, 1983). Thus, immuno-
labelling with antibodies directed towards the five
classes of IF enabled the identification of epithelial
mesenchymal, myoid, glial and neuronal cells, as well
as their neoplastic derivatives, regardless of the
particular morphological appearance of these cells
and tissues (Osborn, 1983; Osborn, Altmansberger,
Debus & Weber, 1984; Vogel & Gown, 1984;
Ramaekers et al. 1982; Franke, Schmid, Osborn &
Weber, 1978). Furthermore, extensive biochemical
and immunochemical analyses of a large variety of
epithelial tissues indicated that each of the various



700  G. Marshak, O. Leitner and B. Geiger

epithelia contains a unique combination of 2-10
polypeptides out of the 19 distinct cytokeratins pres-
ent in humans (Moll et al. 1982; Sun er al. 1986;
Quinlan ez al. 1985; Fuchs, 1983). These findings have
suggested that polypeptide-specific anti-cytokeratins
may serve as useful histogenetic markers for different
epithelia of normal, metaplastic and neoplastic ori-
gins (Moll, Krepler & Franke, 1983; Gigi ef al. 1982;
Debus, Weber & Osborn, 1982; Ramaekers et al.
1983; Gigi-Leitner et al. 1986).

As we have previously shown (Geiger et al. 1987,
Marshak et al. 1987), positive labelling with a broad
spectrum cytokeratin antibody (KG 8-13) and anti-
body to the human cytokeratin polypeptide, no. 18,
was observed in essentially all the epithelial elements
of the human submandibular salivary gland. Anti-
body KS 8.58, specific for human cytokeratins nos 13
and 16, selectively labelled basal cells along the large
ducts of the human submandibular gland. Polypep-
tide no. 19, on the other hand, was detected in ductal
cells only, the acini and the associated myoepithelial
cells being unlabelled (Geiger et al. 1987).

In the present study, we have employed immuno-
fluorescence microscopy using a battery of cytokera-
tin-specific monoclonal antibodies for characteriz-
ation of the various epithelial filaments of the adult
guinea pig submandibular salivary gland and of the
prenatally developing gland, with particular refer-
ence to the possible existence, in mature gland, of
pluripotent stem cells that retain the properties of the
embryonic tissue and may serve as progenitors for the
various glandular epithelia.

Materials and methods

Tissues

Male Dunkin-Hartley guinea pigs, about 1 year old, were
obtained from the Experimental Animal Center of the
Weizmann Institute where they were maintained under
controlled environmental and nutritional conditions. Sali-
vary glands were removed under chloroform anaesthesia
through a midline incision according to standard pro-
cedures.

Pregnant guinea pigs at various gestational stages were
anaesthesized as above and the fetuses individually de-
livered by laparotomy. For 4-week-old fetuses, the com-
plete heads were frozen and used for the immunohistologi-
cal study. While, in the case of the 6-week-old and full-term
fetuses, the floor of the oral cavity including the tongue was
excised and the mandible carefully removed. Tissues were
snap frozen in liquid nitrogen — cooled isopentane and
stored at —80°C until use. Parallel samples were fixed in
4 % buffered formaldehyde, dehydrated and embedded in
paraffin according to routine histological procedures.

Antibodies
(a) KG8.13

A broad-spectrum cytokeratin monoclonal antibody which
reacts with the cytokeratin filaments present in essentially
all human epithelial cells so far tested (Gigi er al. 1982). Its
reactivity with guinea pig and bovine cytokeratins will be
shown below.

(b) KS8.58

A monoclonal antibody that reacts with human cytokeratin
polypeptides nos 13 and 16 which are present in stratified
nonkeratinizing human epithelia (Geiger et al. 1987; Sun et
al. 1986).

(c) Ks B.18

A monoclonal antibody raised against the cytokeratins of
cultured bovine mammary gland epithelial cells (BMGE).
This antibody was shown to react in bovine and human
tissues exclusively with cytokeratin polypeptide no. 18.

(d) Other antibodies

Affinity-purified goat antibodies to mouse Fab were pre-
pared and conjugated to lissamine rhodamine sulphonyl
chloride as described (Geiger & Singer, 1979; Brandtzaeg,
1973).

Gel electrophoresis and immunoblotting analysis
Analysis of the cytokeratin composition of various tissues
from guinea pig was carried out using one-dimensional gel
electrophoresis (Laemmli, 1970). Relevant regions of thick
(30 um) frozen sections were dissected under the micro-
scope and extracted with high-salt buffer and detergent
(Moll, Franke, Volc-Platzer & Krepler, 1982) and the
cytoskeletal residues were analysed electrophoretically in
8% polyacrylamide gels. Immunoblotting transfer was
carried out according to the method of Towbin et al.
(Towbin, Staehelin & Gordon, 1979) using '*I-labelled
goat anti-mouse Fab.

Immunofluorescent labelling

Frozen sections of 6—7 um were cut at —20°C in a Frigocut
2800 cryostat (Jung Reichert, FRG). The sections were
recovered on clean glass slides, air dried, fixed in acetone at
—20°C and immunolabelled as described (Geiger & Singer,
1979; Brandtzaeg, 1973). Antibody-stained sections were
briefly dehydrated in absolute ethanol, mounted in Entel-
lan (Merck, FRG) and examined in a Zeiss Axiophot
photomicroscope equipped for epifluorescence obser-
vations, using %x40/1-0 or x100/1-3 oil-immersion plan
neofluar objectives.

Results

Specificities of the monoclonal cytokeratin antibodies

Two of the antibodies used in this study (KG8.13,
KS 8.58) were previously characterized by us and by
others on human tissues. Their polypeptide speci-
ficities for guinea pig cytokeratins are demonstrated



























visualized either histochemically or immunohistoche-
mically (Pinkstaff, 1980).

Studies over the last few years have indicated that
the subunits of intermediate-sized filaments can serve
as most useful markers in studies on epithelial mor-
phogenesis in a variety of systems including salivary
glands (Moll er al. 1983; Gigi-Leitner er al. 1986; Gigi
et al. 1982; Debus et al. 1982; Ramaekers et al. 1983).
We have recently reported on the localization of
specific cytokeratin polypeptides in the different epi-
thelial elements of the human submandibular salivary
gland (Geiger er al. 1987). Several differences were
detected between the various glandular epithelia; for
example, we have shown that essentially all the
epithelial elements of the human submandibular
salivary gland contain cytokeratin polypeptide no. 18,
which 1s abundant in simple epithelia. In contrast,
polypeptide no. 19 was present throughout the ductal
system, including the intercalated ducts, and was
apparently absent from the acini and the myoepi-
thelium. Another set of cells within the ductal system
that displayed unique cytokeratin labelling was the
basal or ‘reserve’ cells, which are scattered along the
basement membrane of the large ducts. These cells in
the human salivary glands were the only cells within
the gland decorated with antibody KS 8.58, which has
previously been shown to react specifically with
human cytokeratin polypeptides nos 13 and 16
(Geiger et al. 1987). Since these basal cells are often
considered to be the progenitors of different elements
throughout the glandular epithelia, we were com-
pelled to use the various anti-cytokeratins (especially
antibody KS8.58) for the study of salivary gland
histogenesis. We have chosen guinea pig fetuses as
our experimental model, since the morphogenesis of
their salivary glands is largely characterized (Young
& Van Lennep, 1978) and at least some of their
cytokeratin polypeptides are recognized by our
monoclonal antibodies. It should, however, be
pointed out that, since the guinea pig cytokeratin
catalogue is not yet available, as it is for the human
(Moll et al. 1982), bovine (Franke er al. 1981; Cooper
& Sun, 1986; Schiller, Franke & Geiger, 1982) and
mouse (Franke et al. 1981; Schiller et al. 1982)
polypeptides, we refer here to the molecular weight
of the different polypeptides recognized by the vari-
ous antibodies, without relating them to the better-
characterized counterparts in the other species.

Immunofluorescent labelling of the adult guinea
pig submandibular salivary gland showed that two
monoclonal antibodies, namely KG8.13 [‘broad
spectrum’ anti-cytokeratin (Gigi et al. 1982)] and
Ks B.18 (reactive with a single cytokeratin polypep-
tide M,49x10%) labelled essentially all the epithelial
elements of the gland. These include the stratified
and pseudostratified epithelia of the large ducts and
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the epithelium of the striated (interlobular and intra-
lobular) and intercalated ducts, as well as that of the
acini and surrounding myoepithelial cells. Antibody
KS 8.58 labelled the basal cells as well as the myo-
epithelium in the adult guinea pig gland. In this
respect, labelling with antibody KS 8.58 was similar to
that obtained in the human gland with antibody KA-1
(anti-polypeptide 4, 5 and 6) suggesting possible
common cytokeratin polypeptides to the basal cells
and the myoepithelial cell (Nagle er al. 1986).

Immunofluorescent labelling of the 4-week-old
gland showed that the submandibular gland anlage,
including its primary and secondary branches with
their terminal bulbs, were uniformly labelled with
antibodies KG 8.13, Ks B.18, as well as with KS 8.58.
Two distinct events occur towards the 6th week of
gestation as regards the differentiation of the gland.
(a) Cells of the terminal bulb gradually differentiate
into acinar cells and lose those cytokeratin polypep-
tides that react with antibody KS8.58. However,
some of the cells in this region retained their reac-
tivity with antibody KS8.58 and apparently devel-
oped into myoepithelial cells at the periphery of the
acini (Figs 4E, 5C,F). (b) The cytokeratin polypep-
tides reactive with antibody KS8.58, which were
apparently expressed in all cells of the developing
ducts, gradually disappear from most ductal cells and
remain only in the ‘basal’ or ‘reserve’ cells of the large
ducts (Figs 7B-D, 8E).

These observations support, therefore, the view
that the basal cells found along the ductal system
retain at least some of the properties of the embry-
onic glandular epithelium. One of the properties of
the latter is its capacity to take different routes of
terminal differentiation leading to the establishment
of essentially all the epithelial cells of the gland
(Eversole, 1971; Young & Van Lennep, 1978).
Interestingly, it is commonly believed that salivary
gland tumours which display a wide variety of mor-
phological features arise from the ductal basal celis
(Batsakis, 1980; Regezi & Batsakis, 1977). The re-
lationships between the latter and a variety of human
salivary tumours and their respective cytokeratin
expression profiles are currently under study.

References

ANDERTON, B. H. (1981). Intermediate filaments: A
family of homologous structure. J. Muscle Res. Cell
Mouil. 2, 141146,

Batsakis, J. G. (1980). Salivary gland neoplasia: An
outcome of modified morphogenesis and
cytodifferentiation. Oral Surg. 49, 229-232.

BRANDTZAEG, P. (1973). Conjugates of immunoglobulin G
with different plurophores I characterization by anionic



710  G. Marshak, O. Leitner and B. Geiger

exchange chromatography. Scand. J. Immunol. 2,
273-290.

CooPER, D. & Sun, T. T. (1986). Monoclonal antibody
analysis of bovine epithelial keratins. J. biol. Chem.
261, 4646-4654.

CUTLER, L. S. & CHAUDHRY, A. P. (1973). Intercellular
contacts at the epithelial mesenchymal interface during
the prenatal development of the rat submandibular
gland. Devl Biol. 33, 229-240.

CUTLER, L. S. & CHAUDHRY, A. P. (1974).
Cytodifferentiation of the acinar cells of the rat
submandibular gland. Devl Biol. 4, 31-41.

CUTLER, L. S. & CHAUDHRY, A. P. (1975).
Cytodifferentiation of the striated duct cells and
secretory cells of the convoluted granular tubules of the
rat submandibular gland. Am. J. Anat. 143, 201-218.

Desus, E., WEBER, K. & OsBorn, M. (1982).
Monoclonal cytokeratin antibodies that distinguish
simple from stratified squamous epithelia:
characterization on human tissues. EMBO J. 1,
1641-1647.

EversoLE, L. R. (1971). Histogenetic classification of
salivary gland tumors. Archs Path. 92, 433-443.

FrRANKE, W. W, ScHILLER, D. L., MoLL, R., WINTER, S.,
Scumip, E., ENGELBRECHT, 1., DENK, H., KREPLER, R.
& PLaTZER, B. (1981). Diversity of cytokeratins. J.
molec. Biol. 153, 933-959.

FRANKE, W. W., Scumip, E., OsBorN, M. & WEBER, K.
(1978). Different intermediate filaments distinguished
by immunofluorescence microscopy. Proc. natn. Acad.
Sci. U.S.A. 75, 5034-5038.

FRANKE, W. W., Scumip, E., SCHILLER, D. L., WINTER,
S., TarascH, E. D., MoLL, R., DENK, H., JAcksoN, B.
W. & ILLmeNseg, K. (1982). Differentiation related
patterns of expression of proteins of intermediate-sized
filaments in tissues and cultured cells. Cold Spring
Harbor Symp. Quant. Biol. 46, 432—453.

Fucas, E. (1983). Evolution and complexity of the genes
encoding the keratins of human epidermal cells. J.
invest. Dermatol. 81, 141s—144s,

GEIGER, B. & SINGER, S. J. (1979). Participation of a-
actinin in the capping of membrane components. Cell
16, 213-222.

GEIGER, S., GEIGER, B., LEITNER, O. & MARsHaK, G.
(1987). Cytokeratin polypeptides expression in different
epithelial elements of human salivary glands. Virchows
Arch. (path. Anat. Physiol.) 410, 403—414.

Gicl, O., GEIGER, B., EsHHAR, Z., MoLL, R., ScHMID,
E., WINTER, S., SCHILLER, D. L. & Frankg, W. W.
(1982). Detection of a cytokeratin determinant
common to diverse epithelial cells by a broadly cross
reacting monoclonal antibody. EMBO J. 1, 1429-1437.

GIGI-LEITNER, O., GEIGER, B., R. LEvY & CZERNOBILSKY,
B. (1986). Cytokeratin expression in squamous
metaplesia of the human uterine cervix. Differentiation
31, 191-205.

JacoBy, F. & LeesoN, C. R. (1959). The postnatal
development of the rat submaxillary gland. J. Anat. 93,
201-210.

Laemmi, U. K. (1970). Cleavage of structural proteins
during the assembly of the head of bacteriophage T4.
Nature, Lond. 227, 680-685.

Lazaripes, E. (1980). Intermediate filaments as
mechanical integrators of cellular space. Nature, Lond.
283, 249-256.

Leeson, C. K. & Jacosy, F. (1959). An electron
microscopic study of the rat submaxillary gland during
its post natal development and in the adult. J. Anat. 93,
287-295.

MoLL, R., FRANKE, W. W, ScHILLER, D. L., GEIGER, B.
& KREPLER, R. (1982). The catalogue of human
cytokeratins. Patterns of expression in normal
epithelia, tumors and cultured cells. Cell 31, 11-24.

MoLL, R., FRANKE, W. W., VoLc-PLATZER, B. &
KREPLER, R. (1982). Different keratin polypeptides in
epidermis and other epithelia of human skin a specific
cytokeratin of molecular weight 46,000 in epithelium of
the pilosebaceous tract and basal cell epithelium. J. Cell
Biol. 95, 285-295.

MoLL, R., KRePLER, R. & FRANKE, W. W. (1983).
Complex cytokeratin polypeptide patterns observed in
certain human carcinomas. Differentiation 23, 256-269.

NAGLE, R. B., Bocker, W., Davis, J. R., HEip, H. W,
KaurMmaN, M., Lucas, D. O. & TarascH, E. O.
(1986). Characterization of breast carcinomas by two
monoclonal antibodies distinguishing myoepithelial
from luminal epithelial cells. J. Histochem. Cytochem.
34, 869-881.

OsBorN, M. (1983). Intermediate filaments as histologic
markers. An overview. J. Invest. Dermatol. 81,
1045-1095.

OsBORN, M., ALTMANSBERGER, M., DeBUS, E. & WEBER,
K. (1984). Conventional and monoclonal antibodies to
intermediate filament proteins in human tumor
diagnosis. In Cancer cells, the Transformed Phenotype,
vol. 1, pp. 191-202. New York: Cold Spring Harbor
Laboratory.

PiNksTAFF, C. A. (1980). The cytology of salivary glands.
Int. Rev. Cytol. 83, 140-261.

QuinLaN, R. A., ScHILLER, D. L., HARTZFELD, M.,
ACHSTATER, T., MoLL, R., Jorcano, J. L., MocGIN, T.
M. & FrRanke, W. W. (1985). Patterns of expression
and organization of cytokeratin intermediate filaments.
In Intermediate Filaments (ed. E. Wang, D. Fischman,
R. K. H. Liem & T. T. Sun). Ann. N.Y. Acad. Sci. 455,
282-306.

RaMakekers, F. C. S., HuysMaNs, A., MUESTER, O.,
KanT, A., Jap, P., HErMAN, C. & Voouws, P. (1983).
Monoclonal antibody to keratin filaments specific for
glandular epithelia and their tumors. Lab Invest. 49,
353-359.

RamMmatexkers, F. C. S., Puts, J. J. G., KaNT, A,
MAESKER, O., Jar, P. H. K. & Voous, G. P. (1982).
Use of antibodies to intermediate filaments in the
characterization of human tumors. Cold Spring Harb.
Symp. quarni. Biol. 46, 331-339.



REGEzI, J. A. & Batsakis, J. C. (1977). Histogenesis of
salivary gland neoplasms. Otolaryngol Clin. North Am.
10, 297-307.

ScHILLER, D. L., FRanke, W. W. & GEIGER, B. (1982). A
subfamily of relatively large and basic cytokeratin
polypeptides as defined by peptide mapping is
represented by one or several polypeptides in epithelial
cells. EMBO J. 1, 761-769.

SCHACKLEFORD, J. M. & SCHNEYER, L. M. (1971).
Ultrastructural aspects of the main excretory duct of
the rat submandibular gland. Anat. Rec. 169, 679-696.

Sun, T. T., Tseng, S. C. G., Huang, A. J. W., COOPER,
D., ScHERMA, A., LyncH, M. H., WEiss, R. &
EICHNER, R. (1986). Monoclonal antibody studies of
mammalian epithelia keratins. In Intermediate Filaments
(ed. E. Wang, P. Fischman, R. Liem & T. T. Sun).
Ann. N.Y. Acad. Sci. 455, 307-329.

Cytokeratins in developing salivary glands 711

TAMARIN, A. & GREENBERG, L. M. (1965). The rat
submaxillary salivary gland. A correlative study by light
and electron-microscopy. J. Morph. 117, 295-352.

TowsiN, H., STAEHELIN, T. & Gorpon, J. (1979).
Electrophoretic transfer of proteins from
polyacrylamide gels to nitrocellulose sheets. Procedure
and some applications. Proc. natn. Acad. Sci. U.S.A.
76, 4350-4354.

VoGEL, A. M. & Gown, A. M. (1984). Monoclonal
antibodies to intermediate filament proteins. Use in
diagnostic surgical pathology. In Cell and Muscle
Motility (ed. J. Shay), pp. 397-402. New York,
London: Plenum.

Young, J. A. & VAN LENNER, E. W. (1978). The
Morphology of Salivary Glands. London, New York,
San Francisco: Academic Press.

(Accepted 23 April 1987)



