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Summary. Primary cultured human salivary gland cells 
were transfected with ori-defective mutant DNA of 
SV40. Following 2-3 weeks of transfection, slowly 
expanding colonies consisting of small compact cells 
emerged, while mock-transfected cells did not grow any 
more and eventually entered crisis, followed by cell 
death. Using limited dilution technique, we isolated 4 
cell clones with distinct morphology from a single 
colony. Morphological observation of cells cultured on 
plastic dishes precisely revealed the characteristics of the 
constituent cells of salivary gland; i.e., three cell clones 
showing cuboidal- (NS-SV-DC), spindle- (NS-SV-MC), 
and flattened morphology (NS-SV-SC) were similar to 
duct-, myoepithelial-, and squamous phenotype, 
respectively. A remaining cell clone, polygonal in shape 
and with numerous secretory granules (NS-SV-AC), 
resembled an acinar cell. 

Characterization of cell clones by ultrastructural 
exarnination and search for specific antigens showed the 
similarity of NS-SV-DC, NS-SV-MC, NS-SV-AC, and 
NS-SV-SC to duct, myoepithelial, acinar, and squamous 
cells, respectively. Anchorage-independent growth in 
soft agar and tumorigenicity in nude mice were not 
recognized in al1 cell clones. These results demonstrate 
that establishment of cell clones with duct-, myo- 
epithelial-, acinar-, or squamous phenotype was 
accomplished in the in vitro system, and that based on the 
evaluation of colony-forming ability in soft agar and 
tumorigenicity in nude mice these cell clones can be 
considered to be non-tumorigenic. Using the above in 
vitro system, we examined the effect of a reconstituted 
basement membrane extract, Matrigel, on the morpho- 
genesis of cultured normal human salivary gland cells. 
When NS-SV-DC or NS-SV-MC were seeded on 
Matrigel in serum-free culture conditions, they formed 
round or zona1 clusters on day 1; failing however, to 
develop into a salivary gland morphogenesis. Semithin 
sections of cell clones cultured on Matrigel exhibited 
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multicellular aggregates on day 1, while on days 2 and 3 
these cells lost both cell-cell and cell-Matrigel 
interactions and eventually entered crisis. In an attempt 
to understand the mechanism involved in this 
phenomenon, we have investigated proteolytic enzymes 
and their inhibitors secreted by cell clones. Although cell 
clones produced almost identical levels of gelatinases, 
they released increased amounts of plasminogen 
activators (PAs) as compared with a neoplastic human 
salivary gland cell line (HSG), which had already been 
demonstrated to differentiate into acinar cells when 
cultured on Matrigel. Obvious difference of expression 
leve1 of tissue inhibitor of metalloproteinases-1 (TIMP- 
1) was not observed in these cells. However, secretion of 
PA inhibitors was elevated in NS-SV-MC when 
compared to NS-SV-DC. Neutralization of excess PAs 
by exogenously-added serine protease inhibitors 
corrected the aberrant morphogenesis of NS-SV-DC, but 
not that of NS-SV-MC, and allowed NS-SV-DC to form 
glandular-like structures. Thus, these results may suggest 
that a tightly regulated proteolytic activity is, in part, 
essential for in vitro morphogenesis of normal salivary 
gland duct cells. 
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lntroduction 

The morphogenetic development of human salivary 
gland is initiated from the floor of the mouth as a 
budding of the epithelium into a closely associated 
mesenchyme, followed by the formation of the stalk 
proximally and the rounded bud distally, that finally 
results in the establishment of highly branched secretory 
ducts and acini (Bernfield and Banerjee, 1982; Bernfield 
et al., 1984). During these developmental processes, the 
interactions between the epithelium and mesenchyme 
lead to the stimulation of epithelial cell proliferation and 
production of matrix components such as type 1 collagen 
and fibronectin by mesenchymal cells (Banerjee et al., 
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1977; Cohn et al., 1977), which contributes to the 
stabilization of multilobular structures of salivary gland. 
Also, the epithelium itself produces the basement 
membrane components, including type IV collagen and 
laminin, to separate the epithelial buds and stalks from 
the surrounding mesenchyme, which also supports the 
characteristic morphology of salivary gland. Thus, 
establishment of normal lobular morphology and 
cytoarchitecture of salivary gland is fully dependent on 
the integrity of extracellular matrices including the 
basement membrane (Bemfield et al., 1972). 

Recently, increasing evidence indicates that a 
reconstituted basement membrane, Matrigel, can 
profoundly influence cell growth, metabolism, and 
differentiation in vitro in  a number of cell types 
(Kleinman et al., 1981; Gospadorowicz, 1984; Hay, 
1984; Reid and Jefferson, 1984; Kibbey et al., 1992; 
Royce et al., 1993). For example, in vitro neoplastic 
human salivary gland cells have been shown to form 
glandular-like morphology and differentiate into acinar 
cells when cultured on Matrigel (Kibbey et al., 1992; 
Royce et al., 1993). In addition, laminin has been 
identified one of the main components of Matrigel, as 
the major initiating factor in the differentiation of these 
cells (Kibbey et al., 1992). Indeed, these observations 
have clearly demonstrated the significance of the 
basement membrane in the morphogenesis of in vitro 
salivary gland cells with neoplastic phenotype; however, 
it still remains uncertain how the morphogenetic 
development of normal human salivary gland cells is 
regulated by the basement membrane. 

Thus, in this review we will describe some of the 
recent advances in our understanding on the morpho- 
genesis of normal human salivary gland cells. These 
findings were elucidated by the analysis of SV40- 
immortalized normal human salivary gland cell clones, 
which had been established in an in vitro system in our 
laboratory (Azuma et al., 1993). 

The constituent cells of human salivary glands 

In human major salivary glands including parotid, 
submandibular, and sublingual glands, secretory units 
for the salivary secretion are composed of acini, and 
intercalated, striated and excretory ducts (Dardick et al., 
1990). At a cellular level, mainly three distinct types of 
cells are recognized based on morphological and 
functional differences; acinar cells where saliva is 
produced, myoepithelial cells by which salivary 
secretion is promoted, and duct cells that carry the 
secretion to the oral cavity. In addition to these three cell 
types, ductal squamous cells, which shift to the oral 
squarnous cells, are also observed at the dista1 portions 
of excretory ducts. 

To date, we have demonstrated that when neoplastic 
human salivary gland cells with duct-, myoepithelial-, 
acinar-, or squamous-phenotype were cultured on plastic 
surfaces, morphological differences are clearly 
distinguishable among four types of cells (Azuma et al., 

1986, 1988; Yoshida et al., 1986; Sato et al., 1987); cells 
with cuboidal, spindle, and flattened morphology, 
respectively, correspond to duct, myoepithelial, and 
squamous cells. In addition, polygonal-shaped cells with 
numerous secretory granules are similar to acinar cells. 
Accordingly, the above observations elucidated by the 
analysis of a neoplastic cell line prompt us to assume the 
working hypothesis that the constituent cells of normal 
human salivary gland might be established as cell lines 
in culture by means of immortalization techniques such 
as transfection or infection of vira1 DNA (Christian et 
al., 1987; Stoner et al., 1991; Willey et al., 1991). 

lmmortalization of normal human salivary gland cells 

Normal human salivary glands showing no 
pathological disorders were obtained at surgery, and 
irnmediately subjected to the primary culture. After 5 to 
7 days of culture, favourable outgrowths of epithelial 
cells were observed only when tissues were cultured on 
type 1 collagen gel-coated dishes in serum-free 
keratinocyte medium (SFM). In addition, under the 
above conditions, growth of fibroblasts was selectively 
inhibited. Cells at 80 to 85% confluence were 
transfected with origin defective mutant DNA of SV40 
(SV40 ori- mutant DNA) (Gluzman et al., 1980) using a 
liposome-mediated transfer method (Fraley et al., 1980; 
Schaefer-Ridder et al., 1982; Felgner et al., 1987; Willey 
et al., 1991). The SV40 ori- mutant DNA is a hybrid 
DNA consisting of plasmid (pMK16) and the full 
genome of SV40 DNA less 6 nucleotides at the BglI site 
(Gluzman et al., 1980). Approximately 2-3 weeks after 
the transfection, colonies that appeared in dishes were 
picked up by a cloning syringe and reseeded on collagen 
gel-coated dishes in SFM. When cells reached 
confluence, they were subcultured and divided into 2 
groups; one seeded on collagen gel-coated dishes, and 
the other on plain plastic dishes. Interestingly, when 
SV40 DNA-transfected cells were cultured on plastic 
dishes, morphological differences were clearly 
distinguishable among cells. Thus, we obtained 4 
morphologically distinct types of cell clones (NS-SV 
clones), and simultaneously they were referred to as NS- 
SV-DC, NS-SV-MC, NS-SV-AC, and NS-SV-SC (Fig. 
1). Morphologically, NS-SV-DC, NS-SV-MC, and NS- 
SV-SC, exhibited cuboidal, spindle, and flattened 
shapes, respectively, and NS-SV-AC showed polygonal- 
shaped morphology with numerous secretory granules. 
By ultrastructural examination and search for specific 
antigens of cell clones, NS-SV-DC, NS-SV-MC, NS-SV- 
AC, and NS-SV-SC were demonstrated to be similar to 
duct,  myoepithelial, acinar, and squamous cells, 
respectively (Azuma et al., 1993). Since cell clones with 
an extended life did not enter a crisis phase as defined by 
quiescent or greatly reduced period of growth, that has 
been described for SV40-transformed cell types of both 
mesenchymal (Girardi et al., 1965; Sack, 1981) and 
epithelial (Kaighn et al., 1980; Chang et al., 1982; 
Taylor-Papadimitriou et al., 1982; Banks-Schlegel and 
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Howley, 1983; Steinberg and Defendi, 1983; Moyer and 
Aust, 1984) origin, these cell clones are considered to be 
apparently immortal cell lines. 

Anchorage-dependence, -independence, and 
tumorigenicity of NS-SV clones 

NS-SV clones did not form anchorage-independent 
colonies in soft agar. This suggests that they are 
anchorage-dependent. The evaluation of anchorage- 
dependent growth of cell clones on plastic dishes 
showed the colony-forrning efficiency ranging from 2 to 
13%. Although it is generally recognized that human 
epidermal cells require a layer of irradiated 3T3 cells as 
feeder cells for clonal growth (Rheinwald and Creen, 
1975), human urothelial cells infected with SV40 have 
been shown to be able to grow in the absence of 3T3 
feeder cells, exhibiting loss of the requirement of feeder 
cells for clonal growth (Christian et al., 1987). In fact, 
the colony-forming efficiency of SV40-transfected 
epidermal and SV40-infected urothelial cells, 
respectively, ranged from 0.02 to 0.06% (Banks- 
Schlegel and Howley, 1983) and from 5 to 14% 
(Christian et al., 1987), whereas that of NS-SV clones 
was between 2 and 13%, indicating that the culture 
condition used is sufficient to maintain clonal growth of 

NS-SV cells. The tumorigenic potential of cell clones 
was tested by inoculating 5-7x10~ cells subcutaneously 
into the backs of nude mice and scoring the development 
of tumors. In animals with more than 5 months follow- 
up, no tumor formation was noted, suggesting that NS- 
SV clones were not tumorigenic in nude mice. These 
findings are in keeping with those previously obtained 
with immortalized cells (Garcia et al., 1986, 1991; 
Christian et al., 1987; Stoner et al., 1991). Thus, 
immortalization appears to be a discrete, intermediate, 
and necessary but not sufficient step between normal and 
malignant cell behaviour (Gaffney et al., 1970; Kaighn 
et al., 1989). This hypothesis is supported by the 
reported conversion of nontumorigenic immortalized 
human keratinocytes to tumorigenicity by incorporation 
of additional vira1 genes (Rhim et al., 1985) or treatment 
with chemical carcinogens (Rhim et al., 1986). 

Branching morphogenesis of the salivary gland 

It is recognized that the morphogenesis of salivary 
gland is initiated from the floor of the mouth as a 
budding of the epithelium into a closely associated 
mesenchyme. This leads to the stimulation of epithelial 
cell proliferation and production of matrix components 
such as type 1 collagen and fibronectin by mesenchymal 

Fig. 1. 
Morphological 
appearance of cell 
clones isdated 
after transfection 
with SV40 ori- 
mutant DNA. 
When transfected 
cells were grown 
on plastic dishes, 
four 
morphologically- 
distinct types of 
cells emerged. 
Cells wUh 
cuboidal (a), 
spindle (b), and 
flattened (d) 
morphology were 
similar to duct, 
rnyoepithelial, and 
squamous cells, 
respectively. 
Polygonal-shaped 
cells with 
numerws 
secretoty 
granules (c) 
resembled acinar 
ceils. Phase- 
contrast 
microscope. x 200 
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cells (Spooner and Faubion, 1980; Bernfield et al., comprising mainly type IV collagen and laminin 
1984), resulting in the stabilization of multilobular separating the surrounding mesenchyme (Banerjee et al., 
structures of salivary gland. Also, the epithelium 1977; Cohn et al., 1977). Thus, establishment of normal 
produces the basement membrane components lobular morphology and cytoarchitecture of salivary 

Fig. 2. Morphogenetic behaviour of cell clones cultured on Matrigel in SFM. NS-SV-DC (a to f) and NS-SV-MC (g to 1) were obsewed at 24 hours (a, b, 
g, and h), 48 hours (c, d, i, and j), and 72 hourc (e, f, k, and 1) after seeding by phase-contrast micmsmpe (a, c, e, g, i. and k) and light microscope (b, 
d, f, h, j, and 1). At 24 hours, NS-SV-M: (a) and NS-SV-MC (g), respectively, formed round and zona1 clusters consisting of cells with a refractile 
propefty. Semithin sections (b and h) revealed round cell aggregates. With tlrne of culture, NS-SV-DC (c and e) lost cell-cell interactions and actually 
sloughed off the Matngel suriace (d and 9. By 72 hours after seeding, NSSV-MC (i and k) demonstrated the penetration of the Matrigel with areas of 
pericellular lysis (J and 1). Mat: Matrigel layer; Med: medium layer. x 200 
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gland is fully dependent on the integrity of extracellular 
matrices (Bernfield et al., 1972). In addition, proteolytic 
enzymes secreted by both mesenchymal and epithelial 
cells also play an important role in the morphogenetic 
processes of salivary gland, particularly in the 
destruction of the basement membrane necessary for cell 
proliferation and development of new buds at the distal 
tips of the gland (Bernfield et al., 1984); the basement 
membrane on the distal lobules becomes incomplete, 

because of cell proliferation, by degrading type IV 
collagen and proteoglycan. Subsequently, after 
branching morphogenesis is  nearly complete, the 
epithelium is again surrounded by a complete basement 
membrane. Thus, these findings suggest that remodelling 
of the basement membrane regulated by proteolytic 
enzymes and their inhibitors is a critica1 factor in 
salivary gland morphogenesis. 

To date, accumulated evidence indicates that a 

Mat 2d 
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reconstituted basement membrane, Matrigel, which 
contains primary laminin as well as type IV collagen, 
heparin sulphate proteoglycan, and a number of growth 
factors such as epidermal growth factor, fibroblast 
growth factor, and transforming growth factor-B 
(Kleinman et al., 1982; McGuire and Seeds, 1989), can 
profoundly influence cell growth, metabolism, and 
differentiation in vitro in a number of cell types including 
salivary gland cells (Kleinman et al., 1981; 
Gospodarowicz, 1984; Hay, 1984; Kibbey et al., 1992), 
Le., Kibbey et al. (1992) and Royce et al. (1993) have 
demonstrated that neoplastic human salivary gland cells 
form glandular-like morphology and differentiate into 
acinar cells when cultured on Matrigel, and that larninin, 

one of the main components of Matrigel, is the major 
initiating factor in the differentiation of these cells. 
Therefore, we attempted to examine the effect of 
Matrigel on the morphogenesis of normal human 
salivary gland cells, which had been established in an in 
vifro system by transfection with SV40 DNA in our 
laboratory. 

Morphogenetic development of SV40-immortalized 
normal human salivary glands cells 

As shown in Fig. 2, when SV40-immortalized cell 
clones with duct- (NS-SV-DC) or myoepithelial 
phenotype (NS-SV-MC) were seeded on Matrigel in 

Fig. 3. Morphogenetic behaviour of 
cell clones cc-injected with Matrigel 
into nude mice. a. NS-SV-DC 
formed a duct-like structure 
showing an alignment of thern- 
selves into a cord by 3 weeks affer 
inoculation into nude rnice. b. an 
amorphous structure with areas of 
pericellular lysis was observed 
when NS-SV-MC were injected into 
nude mice. x 100 
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serum-free culture conditions, they formed round or 
zona1 clusters on day 1; however, they failed to develop 
into a salivary gland morphogenesis. Sernithin sections 
of cell clones cultured on Matrigel exhibited multi- 
cellular aggregates on day 1, whereas on days 2 and 3, 
these cells lost both cell-Matrigel and cell-cell 
interactions and eventually entered crisis. On the other 
hand, three-dimensional morphogenesis of cell clones, 
which was established by co-inoculation with Matrigel 
into the backs of nude mice, revealed characteristic 

features of each cell clone (Fig. 3); NS-SV-DC aligned 
themselves into a cord, which is similar to a duct-like 
structure observed in normal salivary gland in vivo 
(Martinez-Madrigal and Micheau, 1989). Another 
characteristic of NS-SV-DC is the formation of normal 
cell aggregates comprising three to five cells. These 
observations are in keeping with those previously 
described (Shirasuna et al., 1981), and these confirm the 
nature of NS-SV-DC to be either an intercalated or a 
striated duct cell. The histology of inoculum formed 

Flg. 4. Glandular-like structures formed by 
NS-SV-DC grown on Matrigel in the presence 
of exogenously-added serine protease 
inhibitor, STI. a. Branching duct-like cord - consistinp of both elonpated duct-like 
structures and rnultilobulár cell clusters. 
b. High-power view of the arrow in showing a 
secretory unit comprising both acinar and 
intercalaied duct cells. c.-~emithin sections 
revealed that these structures are cornposed 
of duct- and acinar-like components (small - II arrows indicate lumen-like spaces, and large 
arrow indicates an acinar-like structure). -. a. x 40; b. x 100; c. x 100 
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by implantation of NS-SV-MC with Matrigel into 
nude mice was interpreted as an amorphous structure 
consisting of cuboidal and spindle-shaped cells, similar 
to the histological appearance of a neoplastic cell line 
grown in the backs of nude mice (Shirasuna et al., 1980). 
Although areas of pericellular lysis of Matrigel were 
commonly seen, in no instance did we observe the 
apparent cell death. Thus, the in vivo study may imply 
that the morphogenetic behaviour of each cell clone with 
each characteristic can be achieved by establishing some 
suitable culture conditions in our in vitro model system. 
Therefore, to identify the mechanism involved in the 
disruption of in vitro morphogenesis, we examined the 
proteolytic enzymes and their inhibitors secreted by cell 
clones. Because the net balance of proteolytic activity 
is documented to be an important factor for the 
development of physiological morphogenesis in various 
tissues and organs (Bemfield et al., 1984; Montesano et 
al., 1990; Bacharach et al., 1992). To investigate this 
possibility, we analyzed the expression levels of 
plasminogen activators (tissue-type plasminogen 
activator, tPA; urokinase-type plasminogen activator, 
uPA), collagenases, endothelial-type plasminogen 
activator inhibitor (PAI-l), and tissue inhibitor of 
metalloproteinases- 1 (TIMP-1) secreted by cell clones. 
Since it is well known that PAs and collagenases, 
respectively, are neutralized by PAI-1 and TIMP-1, both 
proteases and their inhibitors are critica1 factors for the 
evaluation of the net enzyme activity. 

Consequently, we found that NS-SV-DC and NS-SV- 
MC express consistently identical levels of collagenases 
and TIMP- 1. The collagenolytic nature of NS-SV-DC 
and NS-SV-MC was the clearance of gelatin substrate at 
the molecular weights of approximately 100 and 68 M> 
and 66 and 57 kD, respectively. The characteristic of 
gelatinolytic feature of NS-SV-MC is the presence of 57 
kD gelatinase. Based on the molecular weight, this 
gelatinase may be attributed to stromelysin (Korczak et 
al., 1991). On the contrary, cell clones secreted 
considerably higher levels of PAs than a neoplastic 
human salivary cancer cell line (HSG), which had 
already been demonstrated to form glandular-like 
structures when cultured on Matrigel (Royce et al., 
1993). In addition, NS-SV-DC produced a relatively 
small amount of PAI-1 as compared with NS-SV-MC. 
Therefore, these findings indicate the net balance of a 
high serine protease activity in cell clones, particularly 
in NS-SV-DC. The finding that the proteolytic balance 
between PAs and PAI-1 is altered in NS-SV-DC and NS- 
SV-MC, as compared with that in HSG, raised a 
hypothesis that excessive proteolytic activity might be 
responsible for the aberrant morphogenetic behaviour of 
these cells. Thus, to clarify this hypothesis, we examined 
the behaviour of cell clones grown on Matrigel in the 
presence of exogenously-added inhibitors of serine 
protease, including soybean trypsin inhibitor (STI) and 
Trasylol. When STI was added to the culture system, the 
morphogenetic behaviour of NS-SV-DC was 
dramatically altered (Fig. 4). NS-SV-DC cultured on 

Matrigel in the presence of STI formed, within 24 hours, 
glandular-like structures. These consisted of both 
elongated duct-like structures and multilobular cell 
clusters. Examination of the cultures with a high-power 
phase-contrast microscope revealed a similarity to the 
organization of intercalated ducts with secretory 
elements (Dardick et al., 1990). In addition, semithin 
sections of NS-SV-DC to which either STI or Trasylol 
was added confirmed that NS-SV-DC were organized as 
an excretory unit-like stnicture that consists of both acini 
and duct system. Similar results were obtained with NS- 
SV-DC cultured on Matrigel in the presence of Trasylol. 
Although the precise mechanism by which STI or 
Trasylol corrects the aberrant morphogenetic 
development of NS-SV-DC is not elucidated, it is 
suggested that STI or Trasylol exerts its effect by 
neutralizing PAs, resulting in the reduction of matrix 
degradation (Montesano et al., 1990). 

In contrast to the obsewation with NS-SV-DC, STI 
and Trasylol at the concentrations used did not affect the 
morphogenetic behaviour of NS-SV-MC seeded on 
Matrigel. We have no precise idea concerning this 
phenomenon; however, it has been shown that myo- 
epithelial cells present in mammary and salivary glands 
appear to be primarily responsible for the degradation of 
the basement membrane during normal developmental 
processes (Bernfield et al., 1984; Dickson and 
Warburton, 1992). For example, in the rat mammary 
gland, the increased expression of 72 kD gelatinase and 
stromelysin (molecular weight 57 kD) (Korczak et al., 
1991), both of which are implicated in basement 
membrane degradation, is  mostly restricted to 
myoepithelial cells. In addition, it is suggested that 
secretion of stromelysin correlates well with the 
proteolytic aggressiveness of transformed cell lines 
(Cajet et al., 1989; Matrisian et al., 1991; Sreenath et al., 
1992). These findings, therefore, may indicate that 
stromelysin itself has an important role in the 
degradation of basement membrane components 
necessary during the morphogenetic development of 
mammary and salivary glands. The analysis of CM by 
gelatin-zymography clearly revealed that NS-SV-MC 
secrete two types of gelatinases, 66 kD gelatinase and 
stromelysin. Thus, the failure of restoration of aberrant 
morphogenetic behaviour of NS-SV-MC by addition of 
serine Drotease inhibitors to the culture svstem mav be 
due in 'part to the production of stromelyiin by NS~SV- 
MC. 

Concluding remarks 

Cell clones with duct-, myoepithelial-, acinar-, or 
squamous phenotype of normal human salivary gland 
have been developed by the transfection technique with 
SV40 ori- mutant DNA. Importantly, NS-SV clones are 
not tumorigenic when injected into nude mice, nor could 
they form colonies in soft agar. Thus, they should serve 
as useful models to investigate the regulation of cell 
growth and differentiation of normal human salivary 
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glands. Based on the above consideration, morpho- 
genetic development of NS-SV-DC and NS-SV-MC 
grown on Matrigel in serum-free culture conditions was 
investigated. The results indicate that neutralization of 
excess proteolytic activity by exogenously-added serine 
protease inhibitors corrected the aberrant morphogenetic 
development of NS-SV-DC but not of NS-SV-MC and 
was responsible for the formation of glandular-like 
structures by NS-SV-DC. These findings suggest that a 
tightly regulated proteolytic balance is critica1 for the 
morphogenesis of human salivary glands, and that an 
alteration of the balance results in the disruption of 
the normal morphogenetic development of  duct 
cells. Although it is unknown whether the secretion 
of stromelysin by NS-SV-MC contributes to the 
disturbance of morphogenetic development on Matrigel 
and to the degradation of the basement membrane 
necessary for the normal developmental processes of 
human salivary glands, suppression of stromelysin by 
procedures such as treatment of NS-SV-MC with anti- 
stromelysin antibody rnight give us a clue to establish in 
vitro morphogenesis of myoepithelial cells on Matrigel. 

Acknowledgements. This review was supported in part by Grants-in-Aid 
for Scientific Research from the Ministry of Education, Science and 
Culture of Japan. 

References 

Azuma M., Hayashi Y., Yoshida H., Yanagawa T., Yura Y., Ueno A. and 
Sato M. (1986). Emergence of differentiated subclones frorn a 
human salivary adenocarcinorna cell clone in culture after treatment 
with sodium butyrate. Cancer Res. 47,770-777. 

Azuma M., Kawamata H., Kasai Y., Nagamine S., Yoshida H., 
Yanagawa T. and Sato M. (1988). Effects of retinoic acid on 
morphological features and biological markers of a neoplastic 
human salivary intercalated duct cell line in culture. Cancer Res. 48. 
721 9-7225. 

Azuma M., Tarnatani T., Kasai Y. and Sato M. (1993). lrnrnortalization of 
normal human salivary gland cells with duct-, rnyoepithelial-, acinar-, 
or squamous phenotype by transfection with SV40 ori- mutant 
deoxyribonucleic acid. Lab. Invest. 69,24-42. 

Bacharach E.. ltin A. and Keshet E. (1992). In vitro patterns of 
expression of urokinase and its inhibitor PAI-1 suggest a concerted 
role in regulating physiological angiogenesis. Proc. Natl. Acad. Sci. 
USA 89,10686-1 0690. 

Banejee S.D., Cohn R.H. and Bemfield M.R. (1977). The basal lamina 
of embryonic salivary epithelia: production by the epithelium and role 
in rnaintaining lobular morphology. J. Cell Biol. 73, 445-463. 

Banks-Schlegel S.P. and Howley P.M. (1983). Differentiation of human 
epidemia1 cells transformed by SV40. J Cell Biol. 96, 330-337. 

Bemfield M.R. and Banejee S.D. (1982). The tumover of basal lamina 
glycosaminoglycan correlates with epithelial rnorphogenesis. Dev. 
Biol. 90,291-305. 

Bemfield M.R., Banejee S.D. and Cohn R.H. (1972). Dependence of 
salivary epithelial morphology and branching morphogenesis upon 
acid mucopolysacchande-protein (proteoglycan) at the epithelial 
surface. J. Cell Biol. 52,674-689. 

Bemfield M.R., Banerjee S.D., Koda J.E. and Rapraeger A.C. (1984). 
Remodelling of the basement rnembrane: morphogenesis and 
maturatlon. In: Basement rnembranes and cell rnovement. Ciba 
Foundation Symposiurn 108. Pitrnan. London. pp 179-196. 

Cajet J-F., Schleuning W-D., Medcalf R.L., Bamat J., Testuz J., 
Lieberman L. and Sordat B. (1989). Mouse L cells expressing 
human prourokinase-type plasminogen activator: effects on extra- 
cellular matrix degradation and invasion. J. Cell Biol. 109, 915-925. 

Chang S.E., Keen J., Lane E.B. and Taylor-Papadimitriou J. (1982). 
Establishment and characterization of SV40-transformed human 
breast epithelial ceil lines. Cancer Res. 42, 2040-2053. 

Christian B.J., Loretz L.J., Oberley T.D. and Reznikoff C.A. (1987). 
Characterization of hurnan urothelial cells irnmortalized in vitro by 
Simian Virus 40. Cancer Res. 47,6066-6073. 

Cohn R.H., Banerjee S.D. and Bemfield M.R. (1977). The basal lamina 
of embryonic salivary eplthelia: nature of glycosaminoglycan and 
organization of extracellular materials. J. Cell Biol. 73, 464-478. 

Dardick l., Naiberg J., Leung R., Ramjohn S., Christensen H., Burford- 
Mason A., Henderson W.D. and Rlppstein P. (1990). Ultrastructural 
study of acinar and intercalated duct organization of subrnandibular 
and parotid salivary gland. Lab. Invest. 63, 394-404. 

Dickson S.R. and Warburton M.J. (1992). Enhances synthesis of 
gelatinase and strornelysin by myoepithelial cells during involutlon of 
the rat mammary gland. J. Histochem. Cytochem. 40, 697-703. 

Felgner P.L., Gadek T.R., Holrn M., Rornan R., Chen H.W., Wenz M., 
Northrop J.P., Ringold O.M. and Danielsen M. (1987). Lipofection: a 
highly efficient, lipid-mediated DNA-transfection procedure. Proc. 
Natl. Acad. Sci. USA 87,7413-7417. 

Fraley R., Subramani S., Berg P. and Papahadjopoulos D. (1980). 
lntroduction of liposome-encapsulated SV40 DNA into cells. J. Biol. 
Chern. 255,10431-10435. 

Gaffney E., Fogh J., Ramos L., Loveless J.D., Fogh H. and Dowling 
A.M. (1970). Established lines of SV40-transformed hurnan amnion 
cells. Cancer Res. 30, 1668-1676. 

Garcia l., Sordat B., Rauccio-Farinon E., Dunand M., Kranehenbull J.P. 
and Diggelmann H. (1986). Establishment of two rabbit mammary 
epithelial cell lines with distinct oncogenic potential and 
differentiated phenotype after microinjection of transfomiing genes. 
Mol. Cell Biol. 6, 1974-1982. 

Garcia l., Brand D., Weintraub J., Zhou W. and Aapro M. (1991). Loss 
of heterozygosity for the short ami of chromosorne 11 (1 1p15) in 
human milk epithelial cells immortalized by rnicroinjection of SV40 
DNA. Cancer Res. 51,294-300. 

Girardi R.J., Jensen F.C. and Koporowski H. (1965). SV40-induced 
transformation of human disploid cells: crisis and recovery. J. Cell 
Comp. Physiol. 65, 69-84. 

Gluzman Y., Sambrook J.F. and Frisque R.J. (1980). Expression oí 
early genes of origin-defective mutants of simian virus 40. Proc. 
Natl. Acad. Sci. USA 77,3898-3902. 

Gospodarowicz D.J. (1984). Extracellular matrices and the control of cell 
proliferation and differentiation in vitro. In: New approaches to the 
study of benign prostatic hyperplasia. Kimball F.A., Buhl A.E. and 
Carter D.B. (eds). Alan R. Liss Inc. New York. pp 103-128. 

Hay E.D. (1984). Cell-matrix interaction in the embryo: cell shape, cell 
skeletons, and their role in differentiation. The role of the 
extracellular matrix in development. Trelstad R.L. (ed). Alan R. Liss 
Inc. New York. pp 1-31. 

Kaighn M.E., Narayan K.S., Ohnuki Y., Jones L.W. and Lechner J.F. 
(1980). Differential properties among clones of Simian Virus 40- 



Salivary gland morphogenesis 

transformed human epithelial cells. Carcinogenesis 1, 635-645. 
Kaighn M.E., Reddel R.R., Lechner J.F., Peehl D.M., Camalier R.F., 

Brash D.E., Saffiotti U. and Harris C.C. (1989). Transformation of 
human neonatal prostate epithelial cells by strontium phosphate 
transfection with a plasmid containing SV40 early genes. Cancer 
Res. 49, 3050-3056. 

Kibbey M.C., Royce L.S., Dym M., Baum B.J. and Kleinman H.K. 
(1 992). Glandular-like morphogenesis of the human submandibular 
tumor cell line A253 on basement membrane components. Exp. Cell 
Res. 198, 343-351. 

Kleinman H.K., Klebe R.L. and Martin G.R. (1981). Role of collagenous 
matrices ln the adhesion and growth of cells. J. Cell Biol. 88, 473- 
485. 

Kleinman H.K., McGarvey M.L., Liotta L.A., Gehron-Robey P., 
Tryggvason K. and Martin G.R. (1982). lsolation and 
characterization of native type-lV collagen from the EHS sarcoma. 
Biochemistry 21, 6188-6193. 

Korczak B., Kerbel R.S. and Dennis J. (1991). Constitutive expression 
and secretion of proteases in non-metastatic SPl  mammary 
carcinoma cells and and its metastatic sublines. Int. J. Cancer 48, 
557-561. 

Martinez-Madrigal F. and Micheau C. (1989). Histology of the major 
salivary glands. Am. J. Surg. Pathol. 13, 879-899. 

Matrisian L.M., McDonnell S., Miller D.B., Navre M., SeRor E.A. and 
Hendrix M.J.L. (1991). The role of the matrix metalloproteinase 
stromelysin in the progression of squamous cell carcinoma. Am. J. 
Med. Sci. 302, 157-162. 

McGuire P.G. and Seeds N.W. (1989). The interaction of plasminogen 
activator with a reconstituted basement membrane matrix and 
extracellular macromolecules produced by cultured epithelial cells. J. 
Cell Biochem. 40,215-227. 

Montesano R., Pepper M.S., Mohle-Steinlein U., Risau W., Wagner E.F. 
and Orci L. (1990). lncreased proteolytic activity is responsible for 
the aberrant morphogenetic behavior of endothelial cells expressing 
the middle T oncogene. Cell62,435-445. 

Moyer M.P. and Aust J.B. (1984). Human colon cells: culture and in vitro 
transfomation. Science 224, 1445-1447. 

Reid L.M. and Jefferson D.M. (1984). Cell culture studies using extmcts 
of extracellular matrix to study growth and differentiation in 
mammalian cells. In: Mammalian cell culture. Marther J.P. (ed). 
Plenum Publishing Corporation. New York. pp 124-136. 

Rheinwald J.G. and Green H. (1975). Serial cultivatlon of strains of 
human epidermal keratinocytes: the formation of keratinizing 
colonies from single cells. Cell 6, 331-343. 

Rhim J.S., Jay G., Aanstein P., Price F.M., Sanford K.K. and Aaronson 
S.A. (1985). Neoplastic transformation of human epidermal 
keratinocytes by AD12-SV40 and Kirsten sarcoma viruses. Science 
227,1250-1252. 

Rhim J.S., Fujita J., Aanstein P. and Aaronson S.A. (1986). Neoplastic 
conversion of human keratinocytes by adenovirus 12-SV40 virus 
and chemical carcinogens. Science 238, 385-387. 

Royce L.S., Kibbey M.C., Mertz P., Kleinman H.K. and Baum B.J. 
(1993). Human neoplastic submandibular intercalated duct cells 
express an acinar phenotype when cultured on a basement 
membrane matrix. Differentiation 52,247-255. 

Sack G.H. Jr. (1981). Human cell transformation by simian virus 40- a 
review. In vitro 17, 1-19. 

Sato M., Azuma M., Hayashi Y., Yoshida H., Yanagawa T. and Yura Y. 
(1987). 5-azacytidine induction of stable myoepithelial and acinar 
cells from a human salivary intercalated duct cell clone. Cancer Res. 
47, 4453-4459. 

Schaefer-Ridder M., Wang Y. and Hofschneider P.H. (1982). Liposomes 
as gene carriers: efficient transformation of mouse L cells by 
thymidine kinase gene. Science 215, 166-168. 

Shirasuna K., Sato M. and Miyazaki T. (1980). A myoepithelial cell line 
established frorn a human pleomorphic adenoma arising in minor 
salivary gland. Cancer 45, 297-305. 

Shirasuna K., Sato M. and Miyazaki T. (1981). A neoplastic epithelial 
duct cell line established from an irradiated human salivary gland. 
Cancer 48, 745-752. 

Spooner B.R. and Faubion J.M. (1980). Collagen involvement in 
branching morphogenesis of embryonic lung and salivary gland. 
Dev. Biol. 77, 84-102. 

Sreenath T., Matrisian L.M.. Stetler-Stevenson W.G., Gattoni-Celli S. 
and Pozzatti R.O. (1992). Expression of matrix metalloproteinase 
genes in transformed rat cell lines of high and low metastatic 
potential. Cancer Res. 52,4942-4947. 

Steinberg M.L. and Defendi V. (1983). Transformation of human 
keratinocytes by SV40. J. Invest. Dermatol. 81, 131-1 36. 

Stoner G.D., Kaighn M.D., Reddel R.R., Resau J.H., Bowman D., 
Naito Z., Matsukura N.. You M., Galati A.J. and Harris C.C. 
(1991). Establishment and characterization of SV40 T-antigen 
immortalized human esophageal epithelial cells. Cancer Res. 51. 
365-371. 

Taylor-Papadimitriou J., Purkis P., Lane E.B., McKay I.A. and Chang 
S.E. (1982). Effects of SV40-transformation on the cytoskeleton and 
behavioural properties of human keratinocytes. Cell Different. 11, 
169-1 80. 

Willey J.C., Brossound A., Sleemi A,, Bennet W.P., Cerutti P. and Hams 
C.C. (1991). lmmortalization of normal human bronchial epithelial 
cells by human papillomaviruses 16 or 18. Cancer Res. 51, 5370- 
5377. 

Yoshida H., Azuma M., Yanagawa T., Yura Y., Hayashi Y. and Sato M. 
(1986). Effect of dibutyryl cyclic AMP on morphologic features and 
biological markers of a human salivary gland adenocarcinoma cell 
line in culture. Cancer 57, 101 1-1018. 


