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ABSTRACT

A neoplastic human salivary intercalated duct cell clone was cultured
in 5 MM5-azacytidine for 5 days at 37Â°C;then the cells were trypsinized

and subcultured in growth medium without 5-azacytidine. Thereafter,
subclones were cloned from the subculture. Of 12 subclones isolated, 7
clonal cell lines were established and characterized. The two subclones
composed of cells which were spindle shaped or stellate exhibited phe-

notypes similar to those of myoepithelial cells such as microfibrils and
myosin and formed a myoepithelioma upon transplantation of the cells
into nude mice. The other five subclones were composed of polygonal
cells with numerous secretory granules in their cytoplasm and containing
amylase that seems to be specific to acinar cells; transplantation of these
cells into nude mice resulted in production of acinic cell carcinoma. These
findings indicate that a neoplastic human salivary intercalated duct cell
is capable of at least bidirectional differentiation.

INTRODUCTION

It has been proposed that the intercalated duct cells present
in human salivary glands can differentiate into both myoepithe
lial cells and acinar cells on the basis of the morphological
investigations on human salivary gland neoplasms (1-3). In

order to examine this proposal at a clonal cell level, a neoplastic
intercalated duct cell line HSG,3 established from a human

submandibular salivary gland, has been used in our laboratories
as a model for studying mechanisms regulating cytodifferentia-
tion in salivary glands (4-7). As a consequence, we have found

that commitment to differentiation into myoepithelial cells
occurs in the HSG cells following sodium butyrate treatment
or in the presence of JV6,02'-dibutyryl cyclic AMP, although

cells with an acinar cell phenotype cannot be induced in the
treated cells (8, 9). If the salivary intercalated duct cell might
be a pluripotential progenitor for cytodifferentiation, it can be
considered that HSG cells also are induced to differentiate into
the acinar cells.

In general, it is well known that treatment of mammalian
cells with 5-azacytidine results in hypomethylation of DNA,

which leads to the expression of genes associated with cellular
differentiation and proliferation (10-16). For example, it has
been reported that 5-azacytidine converts the mouse embryonic
cell line C3H10T'/2 into differentiated chondrocytes, adipo-

cytes, and skeletal muscle (10,15). Here we report an induction
of myoepithelial and acinar cell phenotypes in the human
salivary intercalated duct cell line HSG grown in culture, which
was treated with 5-azacytidine.
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MATERIALS AND METHODS

Culture and Media. The human salivary gland adenocarcinoma cell
line, HSG, was grown in Eagle's minimal essential medium supple

mented with 10% newborn calf serum and 2 mM L-glutamine in the
presence of 5% CO: in an incubator at 37Â°C.Isolation and characteri

zation of HSG cells were described previously (4-7).
When the HSG cells had accomplished 485 cell generations from

the start of the culture, clonal cell lines were cloned a second time using
the colony-forming technique in semisolid agar medium, as described
previously (4, 5, 8). Of 10 colonies isolated, the one clone which showed
the most stable growth was used for the current study. This HSG clone
had an ultrastructure specific to the intercalated duct cells of human
salivary gland; expressed biological markers such as carcinoembryonic
antigen, secretory component, and lactoferrin; and formed an adeno
carcinoma upon transplantation of the cells into nude mice, as described
previously in the parental HSG cells (4, 5).

Treatment of HSG Clone with 5-Azacytidine. The monolayer cultured
cells of HSG clone were dissociated by treatment with 0.08% (w/v)
trypsin and 1.4% (w/v) EDTA in calcium- and magnesium-free PBS
and then 10' cells/dish were seeded in 60 mm plastic Petri dishes

(Falcon Labware, Oxnard, CA) at Day 0 in growth medium. At Day 1,
5-azacytidine (Sigma Chemical Co., St. Louis, MO) was added at a
concentration of 5 /JM.The HSG clone was cultured in the continued
presence of 5-azacytidine at 37Â°Cfor 5 days. During the 5-day treatment

interval, the growth medium containing 5-azacytidine was changed
daily. Then the treated cells were subcultured once in the growth
medium without 5-azacytidine and subclones were cloned from the
subculture, as described below. The subclones were then routinely
subcultured in the growth medium without 5-azacytidine at 3- or 4-day
intervals. Also the HSG clone was treated with 6-azacytidine (Sigma)
at a concentration of 5 ^M and subjected to cloning on plastic, in the
same manner described for the 5-azacytidine treatment of HSG clone
and subsequent cloning.

Cell Cloning. Some clonal lines were subcloned using a dilution
plating technique. Briefly, a single-cell suspension was diluted appro
priately in growth medium containing 20% newborn calf serum to yield
a final number of 30 cells/ml. This cell suspension was dispensed into
the wells of microtest plates (96-well microtest plate; Falcon). Each
well was inoculated with 50 /il of the cell suspension, yielding on the
average 1.5 cells/well. Those wells containing only one cell as ascer
tained by microscopic inspection were identified with a mark on the
overlying lid. The plates were then incubated at 37"C, and the cells

from selected wells were subcultured into separate 35-mm culture
dishes. All of these clonal lines were subcultured and kept frozen in
liquid nitrogen at an early passage.

Immunoperoxidase Staining. Search for the biological markers of
cells was essentially done by the avidin-biotin-peroxidase complex
method as described by Hsu et al. (17). A commercially available
Vectastain ABC kit (Vector Laboratories, Inc., Burlingame, CA) was
used for this study according to the procedures indicated by a manufac
turer. The specific antigens chosen were myosin and amylase.

To test the specificities of antisera used for detection of myosin and
amylase, each specific antiserum was replaced by either PBS, normal
rabbit serum, or the specific antisemiti absorbed with each correspond
ing antigen according to conventional procedures. The absorbed anti
body samples gave negative results. Myosin from chicken muscle and
amylase from human saliva were purchased from Sigma. The rabbit
antiserum to chicken myosin was purchased from Transformation
Research, Inc., Framingham, MA, and the rabbit antiserum to amylase
from human saliva was purchased from Nordic Immunology, Tilburg,
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Fig. 1. Myoepithelial and acinar cell phenotypes induced in a neoplaslic human salivary intercalated duct cell clone treated with S-azacytidine. HSG clone is a
neoplastic human salivary intercalated duct cell clone. HSG-AZAI and HSG-AZA3 subclones are differentiated subclones that emerged from the HSG clone in
culture after treatment with S-azacytidine. a, cultured HSG-AZAI subclone with a myoepithelial cell phenotype. Giemsa, x 240. b, HSG-AZAI nude mouse tumor.
H & E, x 240. c, ultrastructure of cultured HSG-AZAI subclone, x 5,600. d, high power view of the inset in c. x 24,000. e, detection of myofilaments in cultured
HSG-AZAI subclone, x 15,000./, cultured HSG-ASA3 subclone with an acinar cell phenotype. Phase-contrast, x 240. g, HSG-AZA3 nude mouse tumor. H & E, x
240. h, ultrastructure of cultured HSG-AZA3 cells, x 4,800. /, detection of amylase in cultured HSG-AZA3 subclone, x 28,000. j, cultured HSG clone. Giemsa, x
240. k, HSG nude mouse tumor. H & E, x 240. /, ultrastructure of cultured HSG clone, x 3,800. (See adjacent page for illustrations of Figs. 1Ato I/.)

The Netherlands. In the experiments, anti-myosin and anti-amylase tured cells were processed according to standard procedures. The fin-

sera were used at a dilution of 1:200.
Morphological Observation. The paraffin sections of nude mouse

tumors were stained with hematoxylin and eosin. The monolayer cell
culture was fixed in methanol and stained with 0.1 M phosphate-

buffered Giemsa (pH 6.8).
For transmission electron microscopy, nude mouse tumors or cul-

ished preparations were observed under a Hitachi Model H-500 elec

tron microscope.
For immunoelectron microscopy, the cell monolayers were washed

in PBS and fixed with peroxidase-lysine-paraformaldehyde as described
by McLean and Nakane (18) for 2 h at 4Â°Cand then washed for l h in

5 changes of PBS containing 10% (w/v) sucrose. Thereafter, cells were
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Figs. lAto II.

incubated overnight with anti-myosin serum or anti-amylase serum at
4Â°C.After being washed in PBS for 30 min, cells were reacted with a
horseradish peroxidase-labeled Fab' fragment of anti-rabbit IgG (Cap-

pel Laboratories, Cochranville, PA) for 5 h at room temperature. After
being washed in PBS for 30 min, these preparations were fixed in 2%
glutaraldehyde for 30 min at 4Â°Cand then washed 3 times in PBS.
Then they were incubated for 5 min in Karnovsky's solution containing

0.1% dimethylaminoazobenzene (Wako Pure Chemical Co., Osaka,
Japan) and 0.03% hydrogen peroxide (Wako) in 50 mM Tris-HCI buffer
(pH 7.6) at room temperature and then washed in PBS. After being
incubated in 2% osmium tetroxide for l h at 4Â°C,they were dehydrated
step by step with ethanol and embedded in Epon 812 resin. I 'It rat hin

sections were examined without staining under a Hitachi electron
microscope. A control experiment was done with normal rabbit serum.

Immunoblotting. The crude preparation of myosin from freshly har
vested cells was performed according to the method of Clarke and

Spudich (19). The procedures for this myosin preparation were de
scribed in detail previously (8). For the amylase preparation, the cells
were washed with PBS and homogenized at 4'C in 3 volumes of 0.25

M sucrose solution containing 20 mM CaClj. The homogenates were
centrifuged at 105,000 x g for 60 min at 4Â°Cand the supernatants were

used as amylase preparations.
The procedures for the sodium dodecyl sulfate:polyacrylamide gel

electrophoresis used in the present study essentially followed the
method of Laemmli (20). Proteins from the gels were transferred to
nitrocellulose paper as reported by Towbin et ai. (21). Detection of
myosin or amylase on strips was performed by the avidin-biotin-per-
oxidase complex method.

Tumorigenicity. For the purpose of the present study, 6-week-old
female BALB/c nude mice were purchased from Clea Japan, Inc.,
Tokyo, Japan. All mice were maintained in a pathogen-free environ
ment in a vinyl isolator (Clea Japan).
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Fig. 2. Growth curves of 2 subclones isolated from the morphologically altered
HSG clone. â€¢,HSG-AZA1 subclone; D, HSG-AZA3 subclone; O, parental HSG
clone. Cells were plated in 3S-mm plastic l'etri dishes at a density of 10* cells/
dish and incubated at 37'C in a 5% CO., incubator. The numbers of viable cells

as a function of time were counted by a hemocytometer using the trypan blue
exclusion test. For the sake of clarity, each point represents an average of 4
samples.

Table 1 Colony-forming ability ofHSG-AZA subclones and their parental HSG
clone

CellHSG-AZA1HSG-AZA3Parental

HSG cloneNo.

ofcells1
x IO2

1 xIO31

x IO2
1 xIO31

x IO2
1 x IO3No.

of colonies
in semisolid

agar*11,8'

107,908,9

99,9326,23

306, 280No.

of colonies
on plastic sur

face*37,33

356,30714,

18
113,17686,91

906, 874
" Cells were mixed with 1 ml of growth medium containing 0.3% Noble special

agar (Difco Laboratories, Detroit, MI) and then overlaid onto a basal layer which
had been made by pouring 2 ml of 0.6% agar medium into a 35-mm plastic I'd ri
dish. After 20 days of incubation at 37'C, the colonies formed were counted.

'The singly dispersed cells (IO2 or IO3) were plated in a 60-mm plastic Petri
dish and then cultured for 10 days at 37'C in the presence of 5% CO2 in an

incubator. After staining with Giemsa solution, visible colonies formed were
counted.

f The duplicate set of numbers in Columns 3 and 4 indicates results of 2

different experiments.

Mice received a total number of IO7or 4 x IO7cells s.c. through an

injection needle in the anterior aspect of the lateral thoracic region.
Tumor growth was observed weekly and animals were sacrificed by
cervical dislocation at the time ranging from 1 to 3 months after the
inoculation of cells.

Analysis of Cell DNÃ‚ by Two-Dimensional Thin-Layer Chromatog-
raphy. Cells growing in monolayers were incubated at 37Â°Cin growth
medium in the presence of 2.5 /iCi/ml [6-3H]uridine (specific activity,

23 Ci/mmol; Amersham International, Pic, Amersham, Buckingham
shire, England) for 2-3 days. The high-molecular-weight cellular DNA
was extracted according to the method of Murmur (22). The DNA was
precipitated with 2 volumes of ethanol and kept for 4 h at â€”20Â°C.

Traces of RNA were removed by hydrolysis in 0.25 M KOH for 16-18
h at 37*C. Subsequently, the DNA precipitate was washed 3 to 4 times

with 70% ethanol to remove residual RNA bases. For DNA hydrolysis,
the DNA precipitate and 5 Â¡i%of MeCyt (Sigma) as a marker in 1.5 ml
of 90% formic acid were sealed in glass tubes and incubated for 30 min
at 175'C. After the tubes were slowly cooled to â€”70"C,they were

opened and the hydrolysates were evaporated to dryness. The DNA
bases were redissolved in 100 /J of H2O. For base analysis, between 10
and 20 /tg of hydrolyzed bases were spotted on cellulose thin-layer glass
plates (Cel 300-10 UV254;Mackerey and Nagel, Duren, Germany) and
developed in two dimensions with solvents 1 (water) in dimension 1,
and 2 (Â«-butylalcohol:methanol:H2O:NH4OH, 60:20:20:1) in dimen
sion 2. MeCyt and thymine Chromatograph closely together but are
well separated upon rechromatography. Cytosine and MeCyt (+ thy
mine) were marked under a UV lamp, and the spots were eluted with
1.5 ml of 0.1 M HC1. The eluates were evaporated at 70*C and

redissolved in 50 n\ of 0.1 M HC1. They were then spotted on silica gel
plastic sheets (Sil NHR UV254;Macherey and Nagel) together with the
unlabeled cytosine as a control and rechromatographed in two dimen
sions with solvents 1 and 2. After rechromatography, the spot for each
base was cut out; radioactivity was determined in Bray's scintillation

fluid. Chemoluminescence of the plastic sheet fragments was prevented
by keeping the samples for 24 h in the dark at 4'C before radioactivity

was determined. The percentage of DNA methylation was calculated
by determination of the ratio of radioactivity of MeCyt to radioactivity
of MeCyt plus cytosine, multiplied by 100. The final percentage of
MeCyt represents an average of 3 determinations.

Restriction Enzyme Analysis of Cell DNA. The restriction endonu-
cleases Hpall and Mspl were purchased from Bethesda Research Lab
oratories, Inc., Gaithersburg, MD. Each DNA sample was digested
with Hpall and Mspl in the recommended buffers at a DNA concentra
tion of 100 jig/ml. At least a 2-fold excess of enzyme was used with
each digestion. Reaction mixtures were incubated at 37Â°Cfor 4 h and

monitored for completeness of digestion of a 0X174 replicative form
of DNA (Bethesda) in small aliquots of the reaction mixture. The
completeness of digestion of 0X174 was assessed by observation of the
predicted restriction pattern after gel electrophoresis and ethidium
bromide staining. Approximately 30 Â¿igof digested DNA per lane were
fractionated on 0.8% agarose gels in 40 mM Tris-acetate-1 HIMEDTA
for 16 h at 1.0 V/cm. The gel was stained in ethidium bromide (0.5 /ig/
ml) and the fluorescence pattern was photographed with Polaroid 665
positive-negative film under short-wave UV. The negatives were
scanned with a Joyce-Loebel densitometer. Amounts of high- and low-
molecular-weight DNA were calculated by integration of the densitom-
etry tracing of the photograph negative of the electrophoresis pattern
of Hpall and Mspl digest of the indicated DNAs. High-molecular-
weight DNA was taken as that from 6.6 to 23 kilobases; low-molecular-
weight DNA was considered as from 2 to 6.6 kilobases.

RESULTS

Effect of 5-Azacytidine on HSG Clone. Of 12 subclones iso
lated from the subculture in the absence of S-azacytidine follow
ing removal of 5-azacytidine from the HSG culture, 7 subclones
alone could be expanded in monolayer culture. Although other
subcultures were transiently grown, their subcultures resulted
in cessation of growth, and the cells could not be maintained
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DIFFERENTIATION OF A SALIVARY INTERCALATED DUCT CELL CLONE

Fig. 3. Detection of myosin in cultured HSG-AZA1 sub-
clone and of amylasc in a cultured HSG-AZA3 subclone by the
immunoperoxidase method, using anti-myosin (a) and Â¡mli
amylase (c), and also anti-myosin (ft)and anti-amylase (d) which
were absorbed with the relevant antigen in the parental HSG
clone. Hematoxylin counterstain, x 480.

3a

-u

Sri

3d

Table 2 DNA methylation data obtained by two-dimensional thin-layer chromatograpHy and restriction enzyme analysis

High-molecular-weight:
low-molecular-weight DNA*

Methylation relative to parental
HSG clone'

CellHSG-AZA1

HSG-AZA3
Parental HSG clone%

of DNA methylation
level obtained by thin-
layerchromatography"3.

12 Â±0.02 (A)
3.04 Â±0.04 (B)
3.90 Â±0.08 (C)/frail1.09

Â±0.01 (D)
0.96 Â±0.02 (E)
1.47Â±0.04(F)Msp\0.84

Â±0.06
0.61 Â±0.04
0.78 Â±0.02Thin-layer

chro-
matography0.79

Â±0.02
0.77 Â±0.03Restriction

enzyme1*0.73

Â±0.02
0.65 Â±0.02

" Mean Â±SD. The final percentage of MeCyt represents an average of 3 determinations. Differences between A and C or between C and B were significant (/' <
0.05, Mann-Whitney U test).

b High-molecular-weight DNA was taken as that from 6.6 to 23 kilobases; low-molecular-weight DNA was considered as from 2 to 6.6 kilobases. The final results
represent an average of 3 deterÂ»Â¡nations.Differences between F and D or between F and E were significant (/' < 0.05, Mann-Whitney r test).

'' Ratio of DNA methylation value of indicated cell DNA to average value of DNA methylation of parental HSG clone.
' Methylation value is the ratio of high-mclecular-weight DNA to low-molecular-weight DNA after Hpall digestion.

in monolayer culture. Tne 7 subclones were classified morpho
logically into 2 groups; e.g., 2 subclones were composed of
spindle-shaped or stellate cells (Fig. la) and S subclones were
composed of the polygonal cells with numerous secretory gran
ules in the cytoplasm (Fig. If), whereas the parental HSG
clonal cells were cuboidal and conical, grew with occasional
tubular arrangement, and eventually formed multilayered foci
as described previously (Fig. Ij) (4, 8, 9). The subclones which
showed the most stable growth in each of the 2 groups were
designated HSG-AZA1 and HSG-AZA3, respectively, and were
used for the following experiments.

Transplantation of HSG-AZA1 cells into nude mice with
BALB/c genetic background resulted in production of tumors
composed of spindle-shaped and cuboidal cells with pleomor-

phism and anisocytism. The HSG-AZA1 nude mouse tumors
are histopathologically interpreted as myoepithelioma (Fig. \b).
The ultrastructures of HSG-AZA1 cells were found to be sim
ilar to that of myoepithelial cells that were identified by the
predominant cytoplasmic feature showing large amounts of
microfibrils with some areas of focal condensation in parallel
fashion and pinocytotic vesicles (Fig. 1, c, and d). Moreover,
on immunoelectron microscopy, the cytoplasmic microfilament
systems present in cultured HSG-AZA1 cells were found to be
reactive positively with anti-myosin serum (Fig. \e).

The s.c. inoculation of HSG-AZA3 cells into nude mice
resulted in production of tumors that was histopathologically
diagnosed as acinar cell carcinoma (Fig. l.t,')-Ultrastructurally,
the cytoplasm of HSG-AZA3 cells was found to contain abun-
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Fig. 4. Immunoblotting of HSG-AZA1 myosin with antibodies to chicken
myosin (left) and of HSG-AZA3 amylase with antibodies to amylase from human
saliva (righi). Left: Lane a, myosin preparation from HSG-AZA1 subclone; Lane
b, myosin preparation from HSG clone; Lane c, anti-amylase serum applied to
nitrocellulose transfer of sodium dodecyl sulfaterpolyacrylamide gel electropho-
resis containing the myosin preparation from the HSG-AZA 1 subclone. Arrows,
positions corresponding to light chain (â€”Â»)and heavy chain (â€”)of chicken myosin
(Sigma). Molecular weight markers x IO3, ferritin (half-unit), M, 220,000; phos-
phorylase b, M, 94,000; bovine serum albumin, M, 67,000; ovalbumin, M, 43,000;
carbonic anhydrase, M, 30,000; soybean trypsin inhibitor, M, 20,000; a-lactal-
bumin, M, 14,400. Right: Lane a, human saliva; Lane b, cell extract of HSG
clone; Lane c, cell extract of HSG-AZA3 subclone; Lane d, anti-myosin serum
applied to nitrocellulose transfer of sodium dodecyl sulfate:polyacrylamide gel
electrophoresis containing the amylase preparation from the HSG-AZA3 sub-
clone, k, thousands.

dant secretory granules, relatively large numbers of swollen
mitochondria, well-developed Golgi complexes, and rough en-
doplasmic reticulum as observed in the tumor cells comprising
the acinar cell carcinomas of human salivary glands (Fig. \h).
On immunoelectron microscopic investigation, the secretory
granules present in the cytoplasm of the cells were found to
react positively to anti-amylase serum (Fig. li). The tumors
formed by transplantation of the parental HSG clone into nude
mice were histopathologically interpreted as adenocarcinoma
(Fig. Ik) composed of tumor cells with an ultrastructure similar
to that of the intercalated duct cell of human salivary glands
(Fig. II), as described elsewhere (4, 6).

Treatment of the HSG clone with 6-azacytidine and subse
quent cloning on plastic did not result in emergence of the
morphologically altered cells as described in the 5-azacytidine
treatment of the HSG clone; i.e., the cells grown after the 6-
azacytidine treatment of the HSG clone had ultrastructures and
biological markers specific to the intercalated duct cells of
human salivary gland and formed an adenocarcinoma upon
transplantation of the cells into nude mice, as described above
in the parental HSG clone.

Growth Characteristics of HSG-AZA Subclones. The growth
characteristics of the HSG-AZA subclones are shown in Fig. 2.
The respective doubling times for HSG-AZA1 and HSG-AZA3
subclones were 69.6 and 84 h, while the doubling time for the
parental HSG clone was 33.6 h. The cultured HSG-AZA1 and
HSG-AZA3 subclones at the fifth passaged level formed colo
nies in semisolid agar with efficiencies of 9.9 and 9.1%, respec
tively, while colony-forming ability of the parental HSG clone
in semisolid agar was 29.3% (Table 1). The percentage of colony
formation on a plastic surface was 33.2% in the HSG-AZA1
subclone, 14.5% in the HSG-AZA3 subclone, and 89% in the
parental HSG clone.

Biological Markers and Ultrastructure of HSG-AZA Sub-
clones. We examined immunohistochemically the expression of
specific antigens such as myosin or amylase in HSG-AZA

subclones cultured for 5 days. Fig. 3 shows a representative
sample of their immunohistochemical appearance. The pres
ence of myosin in HSG-AZA 1 subclone and the expression of
amylase in HSG-AZA3 subclone were clearly observed, whereas
the untreated parental HSG clone did not express these anti
gens. Moreover, to confirm that myosin reactive to antiserum
directed against chicken myosin exists in the cultured HSG-
AZA 1 subclone, this antiserum was applied to nitrocellulose
transfers of sodium dodecyl sulfate: polyocrylamide gel electro
phoresis containing a myosin preparation from a cultured HSG-
AZA 1 subclone. As shown in Fig. 4, left positive reaction with
antimyosin serum was seen when the strip was submitted to the
avidin-biotin-peroxidase complex method as described by Hsu
et al. (17). Also, it was confirmed by the immunoblotting that
amylase reactive to antiserum directed against amylase from
human saliva exists in HSG-AZA3 subclone (Fig. 4, right).

DNA Methylation of HSG-AZA Subclones in Vitro. We
measured total genomic DNA methylation levels in HSG-AZA
subclones and their parental HSG clone on the basis of two-
dimensional thin-layer chromatography of the radioactively
labeled DNA bases. As shown in Table 2, the methylation level
of the HSG-AZA 1 subclone [3.12 Â±0.02% (SD), n = 3, P <
0.05] and the HSG-AZA3 subclone [3.04 Â±0.04%, n = 3, P <
0.05] was significantly decreased when compared to the level in
the parental HSG clone [3.90 Â±0.08%, n = 3]. In addition, it
was found that the results obtained by thin-layer chromatogra
phy on total genomic methylation and the extent of methylation
at the internal cytosine in the CCGG sequence determined by
Hpall-Mspl restriction endonuclease analysis correlate well for
HSG-AZA1 and HSG-AZA3 subclones (Table 2).

DISCUSSION

This paper reports the emergence of cells with myoepithelial
or acinar cell phenotypes in neoplastic human salivary interca
lated duct cell clone HSG in culture after treatment with 5-
azacytidine, e.g., 2 types of morphologically altered cells which
are cultured in the absence of 5-azacytidine, express consistently
the biological markers such as myosin or amylase, respectively;
in addition, transplantation of respective cells into nude mice
resulted in production of myoepithelioma or acinar cell carci
noma. It has been suggested that the presence of myosin in
human salivary glands is specific for myoepithelial cells (5, 8,
9) and the expression of amylase is associated with the acinar
cells in the glands (23). Moreover, these altered cells were found
to carry decreased tumorigenicity and anchorage-independent
growth potential as compared to those of their parental clone.

The effects of 5-azacytidine on HSG clone can be explained
by the creation of irreversible modifications in the cells but not
by a selection mechanism, because the HSG cells used for the
current study are subjected to cell cloning before 5-azacytidine
treatment. In addition, it has been suggested that exposure of
cells to 5-azacytidine may result in hypomethylation of DNA
and cause expression of silent genes of cells (10-12, 24, 25).
Moreover, it has been indicated that the changes in gene expres
sion are often heritable for many generations in the absence of
further 5-azacytidine treatment (24-27). Although 6-azacyti
dine was cytostatic or cytotoxic to the HSG clone according to
the drug concentrations used, 6-azacytidine was totally ineffec
tive in changing the differentiated state of the HSG clone. It
has been suggested that cytidine analogues containing an altered
position 5 such as 5-azacytidine or 5-aza-2'-deoxycytidine per

turb previously established methylation patterns specifically to
yield new cellular phenotypes (1 l).The morphologically altered
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cells which appeared in the HSG clone following 5-azacytidine
treatment were not observed in cultured cells of HSG clones
without 5-azacytidine treatment. However, our results do not
rule out the possibility that the HSG clone may become heter
ogeneous during the process of expansion in monolayered
cultures before 5-azacytidine treatment and as a consequence
some cells spontaneously achieving a high level of differentia
tion may be selected by 5-azacytidine treatment. Shirasuna et
al. (28) have recently reported that a clonal cell line isolated
from the HSG cell population used for the present study can
convert spontaneously into a myoepithelial-like cell with low
malignancy.

Of 12 subclones isolated from the subculture following 5-
azacytidine treatment of the HSG clone, 7 subclones could be
sequentially subcultured and 5 other subclones could not be
maintained in culture. Wilson and Jones (29) have reported
that the greatest rate of loss of 5-methylcytosine residues is
observed in mouse cells, which survive the least number of
divisions. Thus, the subclones that caused the cessation of the
growth after the 5-azacytidine treatment might be in a profound
state of DNA hypomethylation.

In conclusion, the clear indication from this study is that a
neoplastic intercalated duct clonal cell, originating from a hu
man salivary gland, can differentiate into both myoepithelial
cells and acinar cells, suggesting that the intercalated duct cell
is capable of at least bidirectional differentiation. Further char
acterization of differentiated subclones emerged from the HSG
clone following the treatment with 5-azacytidine may elucidate
the developmental pluripotency of the intercalated duct cell
present in the human salivary glands.
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