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It has been proposed that tumors of the salivary gland arise from the 
intercalated duct cells, which can differentiate into both myoepithelial cells 
and acinar cells (1-3). In order to examine this hypothesis, a neoplastic inter- 
calated duct cell line HSG, established from a human submandibular gland, 
has been used as a model for studying mechanisms regulating cytodif- 
ferentiation. In 1977, HSG cells were established from the submandibular 
gland resected from a patient who had received therapeutic irradiation for 
carcinoma of the floor of the mouth (4). Irradiation to the salivary gland 
causes acute lethal damage to various types of epithelial cell, including acinar, 
striated, and intercalated duct cells, and disturbs the glandular structure. 
Although this degenerative change persists without repair for a long period, 
intercalated duct cells can proliferate excessively among the damaged 
epithelia (5,6). This proliferation of surviving intercalated duct cells may be 
associated with the appearance of salivary gland tumors. 

In 1987, two sublines (HSG-AZA1 and HSG-AZA3) were cloned after 
treatment of HSG with 5-azacytidine (7). HSG-AZA1 cells exhibit a pheno-
type similar to that of myoepithelial cells, including microfibrils and myosin 
expression, and form a myoepithelioma on transplantation into athymic nude 
mice. HSG-AZA3 cells have a phenotype similar to that of acinar cells, 
including cytoplasmic expression of secretory granules containing salivary 
amylase, and xenotransplantation of HSG-AZA3 cells results in the pro- 
duction of acinar cell carcinoma. This differentiation indicates that the 
neoplastic human salivary intercalated duct cell line HSG can differentiate 
into both myoepithelial cells and acinar cells. In addition, HSG-AZA11 cells, 
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which have a neuron-like cell phenotype, were cloned from 5-azacytidine-
treated HSG cells in a similar manner (8). 

In 1987, the parotid gland adenocarcinoma cell line HSY was established 
from an explant culture of a xenograft in a nude mouse (9). HSY cells have 
an ultrastructure similar to that of human salivary intercalated duct cells and 
express both amylase and vasoactive intestinal polypeptide (VIP). 

In 1986, a neoplastic epithelial cell line, TYS, was isolated from an explant 
culture of a well-differentiated squamous cell carcinoma expressing carcino- 
embryonic antigen (CEA) that arose in human oral mucosa (10). Expression 
of CEA and amylase as well as ample tonofilaments were detected in cultured 
TYS cells. Transplantation of the cells into athymic nude mice resulted in the 
development of adenosquamous cell carcinoma containing CEA and amylase. 
Cultivation of TYS cells in the presence of sodium butyrate resulted in 
suppression of cell growth and production of secretory granules with human 
salivary amylase in the cytoplasm of the cells. When the sodium butyrate- 
treated cells were transplanted into athymic nude mice, a small mass devel- 
oped transiently at the inoculation site and then disappeared. A biopsy of this 
mass was histopathologically interpreted as acinic cell carcinoma with 
squamoid features. These findings suggest that we have established a human 
adenosquamous cell line, presumably derived from a minor salivary gland 
present in oral mucosa. 

In 1993, immortalized normal human salivary gland cells were established 
(11). Primary cultures of human submandibular gland cells were transfected 
with origin-defective mutant DNA of SV40. Using limiting dilution, 4 cell 
clones (NS-SV-DC, NS-SV-MC, NS-SV-SC, NS-SV-AC) with distinct 
morphologies were isolated. NS-SV-DC, NS-SV-MC, NS-SV-AC and NS- 
SV-SC have characteristics of duct, myoepithelial, acinar and squamous cells, 
respectively. Integration and expression of SV40 DNA were confirmed by 
Southern blot and indirect immunofluorescence staining. The DNA 
fingerprint analysis showed that the banding patterns of the 4 cell clones are 
identical, indicating that these cell clones are derived from a single donor. 
Anchorage-independent growth in semisolid agar and tumorigenicity in athy- 
mic nude mice were not observed and therefore the clones are considered to 
be immortal, but non-neoplastic. 

Three cell lines (ACCS, ACCY and ACCAY) were isolated from three 
individuals with salivary adenoid cystic carcinoma (12,13). These cell lines 
form pseudocysts, which are a specific architectural feature of adenoid cystic 
carcinoma, and can produce abundant extracellular matrix including basal 
lamina components such as fibronectin, laminin, type IV collagen and glyco- 
saminoglycans.

A salivary myoepithelial cell line UNC4 was isolated from a human 
salivary pleomorphic adenoma (14). UNC4 cells exhibit unique chromosome 
rearrangement and mucin production. 
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1. CULTURE CONDITIONS 

HSG cells were established from explant culture of irradiated 
submandibular gland, grown in Eagle’s minimal essential medium (MEM) 
supplemented with 10% calf serum and 2mM L-glutamine. Epithelioid cells 
were harvested by treatment with 0.08% trypsin and 1.4% ethylenediamine 
tetraacetic acid (EDTA) in calcium- and magnesium-free phosphate-buffered
saline (PBS(-); pH7.2). The single cell suspension was seeded into a 100-mm
plastic Petri dish at a density of 3x106 cells in 15 ml of growth medium. The 
cells were passaged at 5–6 day intervals. At the third passage the colony 
forming ability in semisolid agar was 9%. Suspensions of 100 or 1000 cells 
in growth medium containing 0.3% Special Agar Noble (Difco Laboratories, 
Detroit, Mich) were poured into agar medium thickened by the addition of 
0.6% agar. After about 20 days’ incubation, colonies were isolated with 
Pasteur pipets, and the cells were cultured in 3 ml of growth medium in 30-
mm plastic Petri dishes until confluent cell monolayers were formed. A total 
of six clones were isolated from the colonies and examined using electron 
microscopy. These cells showed characteristics of intercalated duct-type cells 
of human salivary gland. The clone which grew best was designated HSG. 
Currently, HSG cells are cultured in MEM supplemented with 10% newborn 
calf serum and 2mM L-glutamine at 37°C in a 5% CO2 incubator. HSG cells 
continue to grow logarithmically in the serum-free medium for three days 
after plating, although the number of HSG cells gradually decreases after four 
days of incubation. 

HSG-AZAl and HSG-AZA3 cells were cloned as follows. Briefly, HSG 
cells (106 cells/dish) were seeded in 60-mm plastic Petri dishes in MEM 
supplemented with 10% newborn calf serum and 2mM L-glutamine. After 
24h, 5-azacytidine was added at a concentration of 5 µM. The HSG cells were 
cultured in the continued presence of 5-azacytidine for 5 days, changing the 
growth medium daily. Then the treated cells were subcultured once in the 
growth medium without 5-azacytidine and cells were cloned using the 
colony-forming technique in semisolid agar medium as described above. The 
7 subclones isolated were classified morphologically into 2 groups. Two 
subclones were composed of spindle-shaped or stellate cells and 5 were com-
posed of polygonal cells with numerous secretory granules in the cytoplasm, 
whereas the parental HSG clonal cells were cuboidal and conical, grew with 
occasional tubular arrangement, and eventually formed multilayered foci. The 
subclones which showed the most stable growth in each of the 2 groups were 
designated HSG-AZA1 and HSG-AZA3, respectively. In another experiment, 
HSG-AZA11 cells were isolated from 5-azacytidine-treated HSG cells (8). 
HSG-AZA1 cells express a myoepithelial cell phenotype, HSG-AZA3 cells 
an acinar cell phenotype and HSG-AZA11 cells a neuron-like cell phenotype. 
The cells are cultured in MEM supplemented with 10% newborn calf serum 
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Table 3 Genetic changes of human salivary tumor cell lines 

Cell Line Chromosome P53 oncogene 

HSG range from 49 to 72 (average: wild type expression of H-ras gene 
66.3) including XY: triploid 
range (49-69)

66.7) including XU, triploid 
range (60-72)

67.8) including XY; triploid 
range (63-72)

81.3) including XX; triploid 
range (58-63)

HSG-AZA1 range from 60 to 79 (average: wild type expression of H-ras gene 

HSG-AZA3 range from 63 to 76 (average: wild type expression of H-ras gene 

HSY range from 56 to 128 (average not determined not determined 

TYS not determined mutant type39) not determined

ACCS range from 54 to 63 (average:59) not determined not determined 
ACCY range from 47 to 56 (average:50) not determined not determined 
ACCAY range from 43 to 46 + marker not determined not determined 

UNC4 rearrangement between one not determined not determined 

(codon 281Asp-His)

chromosome

chromosome 8 and the two 
chromosome 9s involving the 
8q12 locus 

and 2mM L-glutamine. These cells can grow logarithmically in the serum-
free medium for at least 4 days. 

HSY cells were established from explants of xenografts of a human parotid 
gland adenocarcinoma. TYS cells were established from explants of biopsy 
material obtained from primary tumor. Both HSY and TYS cells were cloned 
in a similar manner as follows. The fragments of tumor tissue were cultured 
in MEM supplemented with 10% newborn calf serum and 2mM L-glutamine.
Explants with outgrowths of epithelioid cells alone were selected. When a 
monolayer of epithelioid cells was formed, the cells were harvested by treat-
ment with 0.08% trypsin and 1.4% EDTA in PBS (-). These cells, dispersed 
in a single-cell suspension, were seeded into a 100-mm plastic Petri dish at a 
density of 3 million cells in 15ml of growth medium. Of colonies isolated at 
random, those that showed the fastest growth were designated HSY and TYS. 
Subculturing is done at 4-5 day intervals. 

Immortalized human salivary gland cells (NS-SV-DC, NS-SV-MC, NS-
SV-SC, NS-SV-AC) were established. Culture of normal human submandibu-
lar gland showing no pathological change, obtained during radical surgery for 
the treatment of submandibular sialolithiasis under general anaesthesia, was 
performed as follows: salivary gland specimens obtained at the operation 
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were immediately cut into approximately lmm³ explants and placed (approxi- 
mately 10 explants/60-mm plastic Petri dish) onto type 1 pig tendon collagen 
gel-coated plastic dishes. Collagen gels were prepared according to the 
recommendation of the manufacturer (Nitta Gelatin, Osaka, Japan) and pre-
equilibrated in growth medium for at least 24 hours before use. The growth 
medium employed in this study was SFM (GIBCO BRL, New York, NY) 
supplemented with 5ng/ml of recombinant epidermal growth factor (GIBCO) 
(SFM+). Cultures were grown in gassed, humidified incubators and the medi- 
um was changed every 2 to 3 days. When cells reached confluence, they were 
subcultured using 0.1% trypsin and 1.4% EDTA in PBS(-). Normal human 
salivary gland cells cultured in SFM+ were transfected using a liposome- 
mediated method. The SV40 ori-mutant DNA (obtained from the Japanese 
Cancer Research Resources Gene Bank, Tokyo, Japan) is a hybrid DNA 
consisting of plasmid (pMK16) and the full genome of SV40 DNA less 6 
nucleotides at the Bg1I site. Transfection procedures were performed 
according to the recommendation of the manufacturer (GIBCO) with a minor 
modification. In brief, cells plated on collagen gel-coated dishes at 80 to 85% 
confluence were incubated for 24 h with lipofectin reagent-DNA complex, 
containing 10µg of SV40 ori-mutant DNA and 40 µg of lipofectin reagent. 
Approximately 2-3 weeks later, colonies were picked using a cloning syringe 
and reseeded on collagen gel-coated dishes in SFM+. Cloning of cells was by 
the limiting dilution method. Four cell clones showing cuboidal (NS-SV-DC), 
spindle (NS-SV-MC), flattened (NS-SV-SC) and polygonal (NS-SV-AC) mor- 
phology were established. Characterization of cell clones by ultrastructural 
examination and expression of 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. 

ACCS, ACCY and ACCAY cells were established from explants of biopsy 
or resected primary tumor. These cell lines were isolated from outgrowths 
consisting only of epithelioid cells, grown in Dulbecco’s modified MEM or 
MEM supplemented with 10% fetal bovine serum and 2mM L-glutamine. 

UNC4 cells were established by culturing the cell suspension prepared 
from primary tumor. The cells were cultured in a base keratinocyte medium 
(GIBCO) supplemented with nonessential amino acids (0. 1mmol/L), gluta- 
mine (0.2mmol/L), insulin, hydrocortisone and transferrin (10mg/ml each), 
and epidermal growth factor (5ng/ml) without serum supplementation. 

2. PATHOLOGY 

HSG and its derivatives (HSG-AZA1 and HSG-AZA3) can differentiate 
into myoepithelial, acinar or neuronal cells as well as keratinizing squamous 
cells, chondrocytes, osteoblasts and smooth muscle cells, with a concomitant 
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decrease of anchorage-independent and anchorage-dependent growth and 
decreased tumorigenicity in athymic nude mice. HSG cells can differentiate 
into myoepithelial cells (HSG-AZA1), acinar cells (HSG-AZA3) or neuronal 
cells (HSG-AZA11) in response to 5-azacytidine (7,8), into myoepithelial 
cells in response to dibutyryl cAMP (15) or sodium butyrate (16), into 
keratinizing squamous cells in response to retinoic acid (17), into smooth 
muscle cells in response to etoposide (18), and into neuronal cells in response 
to epidermal growth factor (19). In addition, treatment of HSG-AZA1 cells 
with nerve growth factor (20), protein kinase inhibitor H-7 (21), or dibutyryl 
cAMP (22) results in their differentiation into neuronal cells. HSG-AZA3
cells can differentiate into chondrocytes in response to 22-oxa- 1α,25-
dihydroxyvitamin D3 (23) and into keratinizing squamous cells in response 
to dibutyryl cAMP (24). When HSG-AZA3 cells are treated with 22-oxa-1α,
25-dihydroxyvitamin D3 in the presence of β-glycerophosphate, the treated 
cells exhibit enhanced expression of osteopontin and osteonectin mRNA and 
formation of bone nodules (25). When the tumors produced by transplan-
tation into athymic nude mice of HSG-AZA3 cells are treated with 22-oxa-
1α,25-dihydroxyvitamin D3, growth is significantly suppressed and bone 
formation is induced in the treated tumor. The tumor cells around bone 
express human osteopontin and osteonectin mRNA, detected by in situ 
hybridization. These findings indicate that the emergence of osteoblasts in the 
HSG-AZA3 cells occurs in the presence of 22-oxa- 1α,25-dihydroxyvitamin
D3 and β-glycerophosphate.

It has been found that the HSG cell line and its derivatives HSG-AZA1,
HSG-AZA3 and HSG-AZA11 express neurofilaments (Mr 200,000, 160,000, 
and 68,000) and specific antigens such as tubulin α and β chain, HNK-1
antigen and laminin, and stain with Bodian impregnation (7,8), the binding 
site for which is located in the b domain in the extended tail segment of 
neurofilament polypeptides (26). In addition, the findings that the HSG-
AZA11 cells treated with dibutyryl cAMP form neurite-like structures and 
express synaptophysin indicate that the parental HSG cells may be 
neuroectodermal in origin (8). Moreover, the human parotid adenocarcinoma 
cell line HSY, cultured in the presence of dibutyryl cAMP, expresses some 
antigens specific to neuronal cells, such as a triplet of neurofilament 
polypeptides, neuron-specific enolase, synaptophysin, α or β-chains of 
tubulin, and HNK-1 antigen, whereas these antigens are not detected in the 
untreated cells (27). Furthermore, it has been found that HSG cells express 
intermediate-sized filaments such as cytokeratin, vimentin and desmin (28) as 
well as epidermal growth factor and transforming growth factor-β (29).

HSG cells form a glandular morphology and differentiate into acinar cells 
when cultured on the reconstituted basement membrane, Matrigel, which 
contains primary laminin as well as type IV collagen, heparin sulfate proteo-
glycan, and a number of growth factors such as epidermal growth factor, 
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fibroblast growth factor, and transforming growth factor-β. Laminin, one of
the main components of Matrigel, is the major initiation factor in the dif- 
ferentiation of these cells (30). When SV40-immortalized cell clones with 
duct (NS-SV-DC) or myoepithelial phenotype (NS-SV-MC) are seeded on 
Matrigel in serum-free culture conditions, they fail to develop a morpho- 
genesis consistent with salivary gland. On the other hand, three-dimensional 
morphogenesis of cells co-injected with Matrigel into the backs of athymic 
nude mice results in the characteristic features of each cell clone (31). NS-SV- 
DC cells align themselves into a cord, which is similar to the duct-like 
structure observed in normal salivary gland in vivo (32), whereas NS-SV-MC 
cells form an amorphous structure consisting of cuboidal and spindle-shaped 
cells, similar to the histologic appearance of a neoplastic myoepithelial cell 
line grown in the backs of athymic nude mice (33). The net balance of 
proteolytic activity is important in morphogenesis (34,35). 

An in vitro system has been established in which conversion from non- 
metastasizing to metastasizing human adenocarcinoma cells can be induced 
(36). A human salivary adenocarcinoma cell clone HSGc with no metastatic 
ability, which was cloned from HSG cells, was exposed to N-methyl-N- 
nitrosourea (MNU). Following exposure to MNU, cells with altered morphol-
ogy were cloned, which exhibited a flattened morphology with cytoplasmic 
processes, whereas HSGc cells were cuboidal or round. Following sub- 
cutaneous inoculation into athymic nude mice, MNU-treated HSGc clones 
formed metastatic foci in various organs, including lung, liver, spleen, 
pancreas and lymph node. Five metastasizing clones were isolated. The 
tumors growing at the inoculation site were diagnosed as adenocarcinoma 
with a solid and trabecular pattern, while the metastasizing clones produced 
tumors at the inoculation site which were classified as highly invasive clear-
cell trabecular adenocarcinoma. Emergence of a clear-cell variant has been 
documented in a benign mixed tumor which recurred as a trabecular adeno- 
carcinoma with clear-cell pattern (37). MNU-treated HSGc and metastasizing 
cell clones all metastasized to axillary and/or inguinal lymph nodes at a 
frequency of 100%. DNA fingerprint analysis confirmed that the metasta- 
sizing cell clones were of HSGc origin (36). 

MNU-treated HSGc and metastasizing clones were found to secrete high 
levels of tissue-type plasminogen activator (PA), while HSGc produced 
undetectable levels of this enzyme. Expression of urokinase-type plasmino- 
gen activator (uPA) was not observed in any of the cell clones. Metastasizing 
clones produced higher levels of 57-and 32-kD, but not of 92- or 72-kD
gelatinases, as compared to HSGc cells. Although tissue inhibitor of metallo- 
proteinases-1 (TIMP-1) was detected in all cell clones, metastatic clones 
secreted less TIMP-1 than HSGc cells. These findings suggest that the 
acquisition of metastatic ability by HSGc cells is closely associated with 
increased secretion of several metalloproteinases as well as decreased or 
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altered TIMP- 1 expression. In addition, Northern blot analysis showed that a 
small amount of transforming growth factor-β receptor-I1 mRNA was
detectable in HSGc cells, while no significant bands were detected in meta- 
static cell clones (38). 

When xenografts of TY S were treated with a differentiation-inducing agent, 
vesnarinone [(3,4-dihydro-6-[4-(3,4)-dimethoxybenzoyl)- 1-piperaziny1]-
2( 1H)-quinolinone], given per os, a significant suppression of tumor growth 
was observed with tumor nests indicating keratinocyte and acinar cell 
differentiation (39). The tissue sections from vesnarinone-treated TYS tumors 
showed positive reaction with 3’-OH nick-end labelling and were stained 
strongly by monoclonal antibody (MAb) directed to carbohydrate antigen 
LeY, whereas the untreated tumors showed negative reaction with nick-end 
labelling and were infrequently stained by anti-LeY MAb. Within LeY-
positive areas of the vesnarinone-treated tumors, keratinocyte and acinar cell 
differentiation as well as DNA fragmentation were frequently observed. It has 
been found that TYS cells have a mutant p53 gene at codon 281ASp-His (40), 
and that expression of p21WAF1 and transforming growth factor-β (TGF-β1)
mRNA is up-regulated by treating TYS cells with vesnarinone. In addition, 
treatment of TYS cells with vesnarinone resulted in the enhanced generation 
of latent TGF-β1 and the expression of TGF-β receptor (TβR), including
TβR-I, TβR-II and TβR-III, was detected on TYS cells. These findings
suggest that vesnarinone might directly induce expression of the p21WAF1 gene 
in TYS, the product of which may be associated with the inhibition of cell 
growth and the induction of differentiation. Thus, TYS cells might be a model 
suitable for studying differentiation therapy of salivary gland cancer. 

Detailed banding pattern analysis of UNC4 cells revealed rearrangements 
of chromosomes 8 and 9. The long arm of chromosome 8 is translocated to 
the long arm of chromosome 9. A distal segment of the long arm of chromo- 
some 9 is translocated to the short arm of chromosome 9. A segment of the 
short arm of chromosome 9 is translocated to the truncated long arm of chro-
mosome 8. It has recently been reported that salivary pleomorphic adenomas 
have structural chromosomal abnormalities including the following: 
translocations between chromosomes 3 and 8, chromosomes 6 and 16, chro- 
mosomes 8 and 9, chromosomes 8 and 12, chromosomes 8 and 14, and 
chromosomes 8 and 21 (41). 
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