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ABSTRACT

Retinoic acid has marked effects on the growth, morphological fea
tures, and biological markers of a neoplastic human salivary intercalated
duct cell clone in culture, whereas the cell clone was not affected by other
retinoids such as retino! and retinal. A cell clone with ultrastructure and
biological markers specific to the intercalated duct cells of human salivary
glands was cultivated in the presence of retinoic acid. Major alterations,
such as expression of tonofilaments, M, 68,000 cytokeratin, and involu-
crin, were observed in those cells with a phenotype similar to that of
keratinizing squamous cells. In addition, the coexpression of M, 68,000
cytokeratin and carcinoembryonic antigen in these altered cells was found.
Both the anchorage-independent and anchorage-dependent growths were
markedly suppressed in the presence of retinoic acid. After the removal
of retinoic acid from the culture, the treated cells returned rapidly to the
phenotype of the untreated cells. These findings indicate that reversible
differentiation into the keratinizing squamous cells of a neoplastic human
salivary intercalated duct cell clone occurs in growth medium containing
retinoic acid.

INTRODUCTION

A malignant epithelial tumor with cells forming keratin or
having intercellular bridges, which is histopathologically inter
preted as squamous cell carcinoma, occurs in human salivary
glands (1). In addition, it is well known that squamous meta
plasia frequently arises in the glandular tissues including the
salivary glands (2, 3). Although it remains to be determined
from which type of cells malignant and nonmalignant squamous
cell lesions arise in the salivary glands, Eversole (4) proposed a
reserve or stem cell theory for the histogenesis of salivary gland
tumors in which the excretory duct reserve cell functions as a
possible progenitor for the generation of cells with a squamous
cell phenotype. On the other hand, many investigators have
reported that human epithelial tumors of salivary glands arise
from the intercalated duct cells as sole progenitor (5-9).

A human salivary gland adenocarcinoma cell line, HSG,3

which has ultrastructure and biological markers similar to those
of an intercalated duct cell of the salivary gland, is used in our
laboratory as a model for studying mechanisms regulating
cytodifferentiation in salivary glands (9-15). As a consequence,
it has been indicated that the treatment of HSG cells with
various differentiation inducers results in generation of the cells
with myoepithelial or acinar cell phenotype (9, 13-15). In
addition, during these experiments, we have found focal growth
with the histological feature of squamous cell carcinoma in
nude mouse tumors induced by inoculation of a mixture of
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HSG cells and neoplastic human salivary myoepithelial cells
(12). Also, we have suggested that squamous metaplasia of
HSG cells is closely associated with formation of areas with the
histological feature of squamous cell carcinoma ( 12). The above
finding suggests that HSG cells are induced to differentiate into
the squamous cells at a clonal cell level.

While malignant neoplastic cells are often characterized by a
block at some step in differentiation, some cell lines are com
mitted to differentiate by treatment with various differentiation
inducers such as cyclic AMP or its analogues and polar com
pounds and represent normal cells (16-22). Also retinoids have
been shown to be capable of altering the state of differentiation
of some neoplastic cell lines (23-26). In general, it has been
reported that retinoids may prevent the carcinogen-mediated
development of premalignant and malignant cells by redirecting
the progeny of dividing cells toward normal pathways of differ
entiation (27-30). On the other hand, vitamin A deficiency
produces profound changes such as an increased keratinization
and a loss of mucus-secreting cells in the epithelia of diverse
species including salivary gland epithelial cells, whereas excess
vitamin A inhibits keratinization of various mammalian and
avian squamous epithelia (31, 32). These findings indicate that
retinoids are intimately associated with the regular program
ming in differentiation of the squamous epithelium as well as
salivary epithelial cells. Thus, we have taken much interest in
the effects of retinoids on differentiation and proliferation of
HSG cells.

In the current communication, we report a reversible induc
tion of cells with a phenotype of keratinizing squamous cells
after treatment with retinoic acid of HSG cells.

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% CÃ›2in an incubator at 37"C. Isolation and character

ization of HSG cells were described previously (9-15).
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 (9, 15). Briefly, suspensions of IO2 or IO3cells in a growth

medium containing 0.3% (w/v) Special Agar Noble (Difco Laboratories,
Detroit, MI) were poured on the agar medium, which had been hardened
by the addition of 0.6% (w/v) agar into the growth medium. After about
20 days of incubation in a 5% CÃ›2 incubator at 37Â°C,the colonies

formed were isolated with Pasteur pipets, and the cells were cultured
in 3 ml of growth medium in 35-mm plastic Petri dishes (Falcon
Labware, Oxnard, CA) until confluent cell monolayers were formed.
The growth medium was changed twice a week during that period. 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 com
ponent, and lactoferrin; and formed an adenocarcinoma upon trans
plantation of the cells into nude mice, as described previously in the
parental HSG cells (9-11).
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EFFECT OF RETINOIC ACID ON NEOPLASTIC SALIVARY CELLS

Treatment of HSG Clone with Retinoids. Retinoids, including retinol
(Sigma Chemical Co., Saint Louis, MO), retinoic acid (Sigma), and
retinal (Sigma) were used in the current study. Retinoids which were
stored in liquid nitrogen were dissolved in acetone immediately before
use, and 25-^1 aliquots were added to culture medium to yield the
required concentration. All manipulation were carried out under "gold"

fluorescent lights and cells were incubated in the dark.
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, pH 7.2, and then IO6cells/dish were seeded
in 60-mm plastic Petri dishes (Falcon) at Day 0 in the growth medium.
At Day I, retinoids were added at various concentrations (10~*-10~'Â°

M). Then, the growth medium containing each concentration of reti
noids at the initial treatment was changed every 3 days. The cells were
dissociated with trypsin solution on Day 10, and then after a 1:3 split,
the cells were plated in fresh growth medium without retinoids in 60-
mm plastic Petri dishes. The cells were then routinely subcultured in
the growth medium without retinoids at 3- or 4-day intervals.

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 SO /il of the cell suspension, yielding on the
average 1.5 cells/well. Those cells containing only one as ascertained
by microscopic inspection were identified with a mark on the overlying
lid. The plates were then incubated at 37Â°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.

Plating Efficiency. To study the plating efficiency of cells on plastic
surface, cells were dispersed into a single-cell well with trypsin solution
and were plated into a 60-mm plastic Petri dish at a density of IO2or
IO3cells/5 ml of growth medium. They were incubated for 10 days at
37Â°Cin a 5% CO2 incubator. After being stained with 10% (v/v) Giemsa

solution, the colonies formed were grossly counted.
The plating efficiency of cells in semisolid agar medium was studied

with the colony-forming technique, as described above.
Immunoperoxidase Staining. Search for the biological markers of

cells was essentially done by the ABC method as described by Hsu et
al. (33). A commercially available Vectastain ABC kit (Vector Labo
ratories, Inc., Burlingame, CA) was used for this study according to the
procedures indicated by a manufacturer. The specific antigens chosen
were M, 68,000 cytokeratin, CEA, secretory component, lactoferrin,
im osin. a- or .Â¡ilinin of S 100 protein, and amylase. In addition,
detection of involucrin in the cells was performed according to the
peroxidase-antiperoxidase method as described by Sternberger et al.
(34). A commercially available involucrin Immuno-kit (Paesel GmbH
and Co., Frankfurt, West Germany) was used for this study according
to the procedures indicated by a manufacturer. The specificities of
antisera used for detection of CEA, secretory component, lactoferrin,
myosin, Â«-or /3-chain of S-100 protein, and amylase were tested as
described previously (9, 11, 15, 35).

To test the specificity of antibody used for detection of M, 68,000
cytokeratin, specific antibody was replaced by either PBS, the specific
antibody absorbed with corresponding antigen, or unrelated mouse
monoclonal IgGI antibody to herpes simplex virus type 1 (Cappel
Laboratories, Cochranville, PA). Mouse monoclonal anti-A/, 68,000
cytokeratin antibody diluted 5-fold in PBS (1 ml) was mixed with 100
Mgof human M, 68,000 cytokeratin from oral mucosa! tissues prepared
according to the method described below.

The mouse monoclonal IgGI antibody to M, 68,000 cytokeratin was
purchased from Enzo Biochem., Inc., New York, NY. The rabbit
antiscra to CEA, secretory component, and lactoferrin were purchased
from Dakopatts, and rabbit antiserum to chicken myosin was purchased
from Transformation Research, Inc., Framingham, MA. Mouse mono
clonal IgGI antibody to a- or /3-chain of S-100 protein was purchased
from Otsuka Assay Laboratory, Inc., Tokushima, Japan. In the exper
iments, anti-CEA serum was used at a dilution of 1:1000, anti-lactofer-
rin, anti-secretory component, anti-myosin and anti-involucrin were

used at a dilution of 1:100, and mouse monoclonal antibody to M,
68,000 cytokeratin or to anti-a or anti-0 chain of S-100 protein was
used at a dilution of 1:10.

Morphological Observation. The monolayer cell culture was fixed in
methanol and stained with 0.1 M phosphate-buffered Giemsa (pH 6.8).

For transmission electron microscopy, the cultured cells were proc
essed according to standard procedures. The finished preparations were
observed under a Hitachi Model H-500 electron microscope.

For immunoelectron microscopy, the cell monolayers were washed
in PBS and fixed with periodate-lysine-paraformaldehyde as described
by McLean and Nakane (36) for 2 h at 4Â°Cand then washed for l h in

5 changes of PBS containing 10% (w/v) sucrose. Thereafter, cells were
incubated overnight with mouse monoclonal antibody to M, 68,000
cytokeratin at 4Â°C.After being washed in PBS for 30 min, cells were
reacted with a horseradish peroxidase-Iabeled F(ab)' fragment of anti-

mouse IgG (Cappel) 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% dimeth-

ylaminoazobenzene (Wako Pure Chemical Co., Osaka, Japan) and
0.03% hydrogen peroxide (Wako) in 50 HIMTris-HCl 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. Ultrathin sections
were examined without staining under a Hitachi electron microscope.
A control experiment was done with normal rabbit serum.

Indirect Immunofluorescence Technique. The double-antibody label
ing technique was performed essentially as described by Ramaekers et
al. (37). Cells grown in glass coverslides were fixed in acetone at â€”¿�20Â°C

for 10 min and then subjected to indirect immunofluorescence micros
copy. The fixed cells were incubated with the first antibodies, with a
subsequent washing step between the incubations. The first antibodies
used in this double-label experiment were: mouse monoclonal IgGI
antibody to human M, 68,000 cytokeratin (Enzo; not diluted); or rabbit
antiserum to CEA (Dakopatts; diluted 1:20).

After an incubation step of 30 min with mouse monoclonal nuli ;V/,
68,000 cytokeratin and rabbit antiserum to CEA in a humidified box
at a room temperature, the samples were washed with PBS containing
0.25% Triton X-100 in 2 subsequent washing steps of 10 min each and
thereafter were washed with the PBS alone. These preparations were
then incubated for another 30 min with the second antibodies, again
with a subsequent washing step between the incubations. The labeled
second antibodies (Cappel) were: fluorescein-conjugated goat anti-
mouse IgG and IgM (diluted 1:25 each); and rhodamine-conjugated
goat anti-rabbit IgG (diluted 1:20). After a second series of washes, the
samples were mounted with 50% glycerol in PBS. Cells were examined
under a Nikon microscope, equipped with epifluorescent illumination
(HBO 100-W bulb), by using the appropriate filter systems for fluores-
cein and rhodamine fluorescence. Overlap between the 2 channels was
checked by using cells labeled with a single antibody. Tri-X film from
Kodak was used for photographs.

Immunoblotting. The preparations enriched in IFs from cultured cells
were performed according to the method of Franke et ai. (38). The
procedures for this IFs preparation were described in detail previously
(35). The IFs-enriched preparations from oral mucosal tissues were
performed according to the method of Winter et al. (39). Briefly, tissues
were ground in a mortar with liquid N2 cooling. Soluble proteins were
extracted by homogenization of the pulverized material in 10 ITIMTris-
HCl:!.5 M KC1:10 itiM NaCl:2 mM dithioerythritohO.5 mM phenyl-
methylsulfonyl fluoride:0.5% Triton X-100 buffer (pH 7.5) with 5
strokes of a tight-fitting pestle in a Potter-Elvehjem homogenizer.
Subsequently, the homogenate was stirred for at least 8 h at room
temperature and centrifuged for l h at 30,000 x g. After 3-fold
reextraction of the pellet with the same buffer, IFs were solubili/ed by
stirring for 15 h in 50 mM Tris-HCl:8 Murea: 25 mM 2-mercaptoethanol
buffer (pH 9.0). The suspension was centrifuged for l h at 100,000 x
g and the clear supernatant was dialyzed repeatedly against 2 mM Tris-
HCl: 10 mM 2-mercaptoethanol buffer (pH 7.6). Lowering of the pH of
the dialysis buffer to 5.5 led to the formation of IFs sample in the
dialysis bag which was pelleted by centrifugation at 30,000 x g for 1 h.
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EFFECT OF RETINO1C ACID ON NEOPLASTIC SALIVARY CELLS

These preparations of IPs from cultured cells and tissues were sonicated
and boiled for 2 min to solubili/i- IPs proteins.

The procedure for sodium dodecyl sulfate:polyacrylamide gel electro-
phoresis used in the current study essentially followed the method of
Laemmli (40). Proteins from gels were transferred to nitrocellulose
paper as reported by Towbin et al. (41). Detection of cytokeratins on
strips was performed by an ABC method using a mouse monoclonal
antibody to human \l, 68,000 cytokeratin or rabbit antiserum raised
against keratins, predominantly M, 56,000 and 64,000, isolated from
stratum corneum of human epidermis (Dakopatts) and a Vectastain
ABC kit as described above.

RESULTS

Effect of Retinoids on HSG Clone. HSG clone cultured in the
growth medium without retinoids was polygonal and tended to
form cell clusters. On the other hand, about 5 days after
treatment of HSG clone with retinoic acid (10~5-10~7 M), major

morphological alteration occurred; large cuboidal or flat cells
began to appear in the treated HSG cells, whereas treatment of
HSG clone with retino! or retinal at a final concentration
ranging from 10~5 to IO"10 M did not result in morphological

alteration. Fig. 1 shows a representative sample of the morpho
logical appearance of a HSG clone treated with retinoic acid.
At Day 7, almost 100% of the cells cultured in the growth

â€¢¿�â€¢Ite
Fig. 1. Morphological alteration of HSG clone in the presence of retinoicacid, a, HSG clone treated for 5 days with 10'" M retinoic acid. Large cuboidal

or flat cells appear in the HSG monolayer. ft, untreated HSG clone. Phase
contrast, x 120.

medium containing retinoic acid (10 5-10 7 M) showed the

morphological alteration. At Day 10, the cells were trypsinized
and subcultured in the growth medium without retinoic acid.
Consequently, the morphological features and growth pattern
of the cells cultured in the growth medium without retinoic
acid returned rapidly to those of the untreated HSG clone. To
confirm whether the action of retinoic acid was reversible at a
clonal cell level in the current experimental system, 18 sub-
clones were isolated by the use of a dilution plating technique
after the removal of retinoic acid from the HSG culture. Con
sequently, in all 18 subclones examined, polygonal cells grew
in the growth medium without retinoic acid with cell clusters
in the same manner observed in the untreated HSG clone. On
the other hand, no marked changes were observed in the cells
cultured in the growth medium containing retinoic acid at doses
as low as IO"8 M.

Growth Characteristics of HSG Clone Treated with Retinoic
Acid. Fig. 2 shows the growth curve of HSG clone in the
presence and absence of retinoic acid. A marked reduction in
the growth rate of cells was observed especially in the presence
of 10~5or 10~6M of retinoic acid. After the removal of retinoic

acid from HSG clone cultured in the growth medium with
retinoic acid (10~8, 10~7, IO"6, or 10~5 M, respectively), normal

growth rates were restored. The doubling time for HSG clone
treated with 10~6M retinoic acid was 46.8 h, while the doubling

time for the untreated HSG clone was 31.2 h. The cultured
HSG clone in the presence of retinoic acid at a final concentra
tion ranging from 10~" to IO"5 M formed no colonies in semi-

solid agar, while the colony-forming ability of HSG clone in
the absence of retinoic acid was 30.2% (Table 1). The percentage
of colony formation on a plastic surface was 12.2% in HSG
clone treated with 10~5 M retinoic acid, 36.9% in HSG clone
treated with IO"6 M retinoic acid, and 92.6% in the untreated

HSG clone.
Biological Markers and Ultrastructure of HSG Clone Treated

with Retinoic Acid. We examined immunohistochemically the
expression of specific antigens such as A/r 68,000 cytokeratin,
involucrin, CEA, secretory component, lactoferrin, myosin, a-
or #-chain of S-100 protein, and amylase in the HSG clone
cultured in the presence of 10~6 M retinoic acid for 7 days at
37Â°C.Table 2 summarizes all of the results obtained by the

immunohistochemical study. The presence of M, 68,000 cyto
keratin and involucrin in the treated HSG clone was clearly
observed, whereas the untreated HSG clone did not express
these antigens (Figs. 3 and 4). Almost all of the treated HSG
clone population as well as of untreated controls showed posi
tive staining for CEA. However, secretory component and
lactoferrin which were observed in untreated HSG clone dis
appeared in HSG clone treated with retinoic acid. The presence
of specific antigens such as a- and /3-chain of S-100 protein,
myosin, and amylase was not detected in either treated or
untreated HSG clones.

Since it could be considered from the results obtained by the
immunohistochemical method that HSG clones treated with
retinoic acid express simultaneously M, 68,000 cytokeratin and
CEA, the treated HSG clone was further examined by double
immunofluorescence labeling by using CEA antibody raised in
a rabbit and a mouse monoclonal antibody directed against
human A/r 68,000 cytokeratin. Fig. 4 shows some typical ex
amples of treated HSG cells stained by the double-label tech
nique, illustrating the coexistence of CEA and M, 68,000 cy
tokeratin. Moreover, to confirm that the cytokeratin polypep-
tide reactive to antibody directed against M, 68,000 cytokeratin
exists in the treated HSG clone, this antibody was applied to
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EFFECT OF RETINOIC ACID ON NEOPLASTIC SALIVARY CELLS
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Table 1 Colony-forming ability ofHSG clone in the presence of various
concentrations of retinÃ³leacid

100-

Days after plating

Fig. 2. Effect of retinoic acid on the growth of HSG clone in culture. â€¢¿�,control; O, retinoic acid (10~8 M); â€¢¿�retinoic acid (10~7 M); A, retinoic acid (I0~6
M); A, retinoic acid (10~5 M). , presence of retinoic acid; , absence of
retinoic acid. Cells were plated in 30-mm plastic Petri dishes at a density of 2 x
10' cells/dish and incubated at 37'C in a 5% CO2 incubator. Twenty-four h after
plating, retinoic acid (10"', IO"7, 10"', or 10"' M) was added. At Day 5, retinoic

acid was removed from some dishes and they were further cultured in the growth
medium without retinoic acid until Day 8. The medium change of the treated
cells was performed with the growth medium containing retinoic acid in the
concentrations of the initial treatment at Day 4. The numbers of viable cells as a
function of time were counted by a hemocytometer with the use of the trypan
blue exclusion test. Each point represents an average of 4 samples.

Concentration of
retinoic acid (M) No. ofcells10-'HT"io-7io-Â§io-'io-00x

IO2
xIO3x

IO2
xIO3x

IO2
xIO3x

IO2
xIO3x

IO2
xIO3x

IO2
xIO3x

IO2
x IO3No.

of colonies
in semisolid

agarÂ°0,0e

0,00,0

0,00,0

0,00,0

0,01,3

11,1818,23

195,21738,35

256, 347No.

of colonies
on plastic sur

faceÂ»12,

17
107,13744,41

347,39075,68

734,68182,90

938,91492,93

932,92893,94

941,93792,94

938,914
Â°Cells were mixed with 1 ml 0.3% (v/v) agar medium containing various

concentrations of retinoic acid (10~5, 10"', IO"7, IO'8, IO"', or IO'10 M) and then

overlaid onto a basal layer that had been made by pouring 2 ml of 0.6% (w/v)
agar medium into a 35-mm plastic Petri dish. Ten days after plating, 0.5 ml of
0.3% (w/v) agar medium containing retinoic acid in the initial concentration was
added to the cultures. After 20 days of incubation at 37Â°C,the colonies formed

were counted.
* The singly dispersed cells (IO2 or IO3)were plated into a 60-mm plastic Petri

dish and incubated at 37'C in a 5% CO2 incubator. Twenty-four h after plating,
retinoic acid (10"*, 10"', 10~7, 10~", I0~9, or 10~'Â°M) was added. At Days 4 and

7, the medium change was performed with the growth medium containing retinoic
acid in the initial concentration. After 14 days of incubation at 37'C, visible

colonies formed were stained with Giemsa solution and counted.
'The duplicate sets of numbers in Columns 3 and 4 indicate results of 2

different experiments.

Table 2 Summary of the immunohistochemical characteristics ofHSG clone
cultured in the presence of retinoic acid and of their untreated cells

HSG clone was cultured in the presence or absence of 10~6M retinoic acid for
7 days at 37Â°Cand then examined by the avidin-biotin-peroxidase method for the

above antigens. The percentage of positive cells was computed microscopically.
Values are the averages of 2 experiments.

% of positive cells

SpecificantigensM,

68,000cytokeratinInvolucrinCEASecretory

componentLactoferrinMyosina-chain

of S- 100protein/3-chain
of S- 100proteinAmylasePresence98.565.588.5000000Absence0095.525.525.50000

nitrocellulose transfers of sodium dodecyl sulfate:poly-
acrylamide gel electrophoresis containing the preparation en
riched in IPs from treated HSG clone. After reaction of the
nitrocellulose sheets with mouse monoclonal antibody to M,
68,000 cytokeratin, followed by biotin-labeled anti-mouse IgG
goat serum and ABC complex, a distinct reaction was seen with
A/r 68,000 polypeptide of treated HSG cells (Fig. 5, Lanes c
and d). In addition, the expression of this polypeptide in the
treated HSG clone was detected only in the presence of retinoic
acid (Fig. 5, Lane e). While rabbit polyclonal anti-keratin anti
bodies bound to M, 46,000, 56,000, and 64,000 polypeptides
present in untreated HSG clone and HSG clone cultured in the
absence of retinoic acid following removal of retinoic acid from
the HSG culture (Fig. 5, Lanes /and A), the presence of M,
46,000 and 56,000 keratin polypeptides and the absence of M,
64,000 keratin polypeptide were observed in the HSG clone
cultured in the presence of retinoic acid (Fig. 5, Lane g).

On ultrastructural investigation, HSG clone treated with
retinoic acid was found to be converted into the cells with a
phenotype specific to keratinizing squamous cells such as tono-
filaments and desmosomal junctions (Fig. 6, a and Â¿>).In
addition, certain microfilamentary systems present in the cy
toplasm of the treated HSG clone were found by immunoelec-
tron microscopy to be positively reactive to mouse monoclonal
antibody to M, 68,000 cytokeratin (Fig. 7).

DISCUSSION

This paper reports the emergence of cells with the phenotype
of keratinizing squamous cells in neoplastic human intercalated
duct cell line HSG in culture in the presence of retinoic acid,
whereas the treatment of HSG cells with retino! or retinal did
not result in morphological alteration and decreased growth
potential; e.g., the morphological altered cells which are cul-
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Fig. 3. Immunohistochemical search for involucrin in the HSG clone treated

with retinole acid, by the peroxidase-antiperoxidase method using rabbit anti-
involucrin serum, a, treated HSG clone (positive); b, untreated control (negative).Hematoxylin counterstain, x 400. Cells were cultured in the presence of IO"6 M
retinoic acid for 7 days at 37'C and then were examined for involucrin.

tured in the presence of retinoic acid express the biological
markers, such as tonofilaments, desmosomal junctions, M,
68,000 cytokeratin, and involucrin which seem to be specific to
keratinizing squamous cells, as indicated in other published

papers (42-47). Especially, it has been reported that the mouse
monoclonal antibody to M, 68,000 cytokeratin used for the
current study reacts, in immunocytochemical assays, only with
the suprabasal layer of squamous epithelium and squamous
carcinomas (43-46). In addition, Schweizer et al. (48) have
reported that continuous treatment of adult mouse tail epider
mis with retinoic acid results in an increase in amounts of the
M, 67,000 keratin polypeptide present in the suprabasal layer
of epithelium, concomitant with the selective suppression of 2
postnatally acquired M, 70,000 and M, 65,000 type II keratin
polypeptides. Also, in the current study, treatment of HSG
clone with retinoic acid resulted in disappearance of A/r 64,000
keratin polypeptide that exists in the untreated HSG clone,
concomitant with new expression of M, 68,000 keratin poly
peptide. In addition, involucrin that is a marker for near ter
minal differentiation of keratinocytes of stratified squamous
epithelium (47) was detected in the HSG clone cultured in the
presence of retinoic acid. Also, it has been shown that the
human breast carcinoma cells and murine keratinocytes show
a flattened morphology in the presence of retinoic acid, al
though the mechanism remains to be proved (49, 50). This may
indicate that exposure of some neoplastic epithelial cells to
retinoic acid induces cell flattening which seems to be the
morphological phenotype of keratinizing squamous cells grown
in culture. In the current study, treatment of HSG cells with
retinoic acid resulted in a flattened morphology. Moreover, it
was found that the anchorage-independent growth potential of
HSG cells was inhibited by retinoic acid at doses as low as 10~8

M. Anchorage-independent growth was much more sensitive to
inhibition of retinoic acid than anchorage-dependent growth.

Therefore, it can be considered that retinoic acid may be effec
tive selectively on the cells carrying clonogenicity with state of
transformation among HSG cell population. It has already been
reported that the growth of some neoplastic cell lines, such as
embryonal carcinoma cells (23, 24) and murine melanoma cells
(51, 52), is inhibited by retinoic acid.

The morphology, biological markers, and growth of HSG
cells were affected exclusively by retinoic acid among the reti-
noids examined in the current experimental system, although
the reasons remain to be proved. Several investigators found
that retinoic acid can induce differentiation of embryonal car-

Fig. 4. Indirect immunofluorescence mi
croscopy of the HSG clone treated with reti
noic acid. Double-label immunofluorographs
showing the simultaneous presence of M,
68,000 cytokeratin (a) and CEA (b) in the
treated HSG clone and absence of M, 68,000
cytokeratin (c) and presence of CEA (rf) in the
untreated controls. X 480.
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Fig. 5. Immunoblotting of the HSG clone treated with retinole acid, with

mouse monoclonal antibody to M, 68,000 cytokeratin (A) or rabbit polyclonal
anti-keratin serum (II}. Lane a, cytokeratin preparation from normal human oral
tissues; Lanes b,f, cytokeratin preparation from HSG clone; Lanes c, g, cytoker
atin preparation from the HSG clone treated with IO"6M retinoic acid for 5 days;
Lane d, cytokeratin preparation from the HSG clone treated with IO"6M retinoic

acid for 7 days; Lanes e, h, cytokeratin preparation from the HSG clone whichwas treated with 10~*M retinoic acid for 7 days and then was cultured for 7 days

in the growth medium without retinoic acid. Arrow, position corresponding to M,
68,000 cytokeratin. , positions corresponding to keratins detected by rabbit
polyclonal anti-keratin serum. Molecular weight markers x IO3: phosphorylase
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-lactalbumin, M,
14,400. A, thousands. Immunoblotting (.11and (B) was performed in the separate
experiments, using the same IFs preparations.

cinoma cells more effectively than other retinoids (23, 24, 53).
Particularly, it has been described that the retinoids lacking a
carboxy group at carbon 15 are less potent than retinoic acid
(23).

In the current experimental system, the action of retinoic
acid was reversible; i.e., after the removal of retinoic acid from
the culture, the treated cells returned rapidly to the growth rate
and phenotype of untreated HSG cells. These findings are
consistent with other published results concerning proliferation
or differentiation observed in murine and human melanoma
cells (51, 52), human breast carcinoma cells (49), or murine cell
lines (50), although it has been reported that the phenotypic
differences between differentiated and stem cells in mouse
embryonal carcinoma cells are maintained for several genera
tions even after removal of retinoic acid (24, 53).

The coexpression of CEA was detected by immunofluores-
cence in the HSG cells cultured in the presence of retinoic acid,
whereas the biological markers such as secretory component
and lactoferrin disappeared from the treated HSG cells. It has
been reported that the presence of CEA is associated with
tubular structures in salivary gland tumors (54-57) as well as
in the intercalated duct cells of normal human parotid gland
(56). In addition, the presence of CEA in certain squamous cell
carcinomas of the uterine cervix and bronchus has been reported
(58, 59). Therefore, it might be presumed that the oral keratin-
izing squamous cell carcinoma expressing CEA is closely as
sociated with squamous metaplasia of the neoplastic duct cells
arising in the minor salivary glands present in the oral mucosa.

In conclusion, the clear indication from this study is that a
neoplastic human salivary intercalated duct clonal cell can be
converted into the cells with a phenotype specific to that of
keratinizing squamous cells. In addition, it seems that the
potential reversibility of tumor growth behavior with retinoic
acid becomes the basis for a new approach for treating human

7224

6a

Fig. 6. Electron micrographs of the HSG clone treated with retinoic acid, a,
cell with numerous microfibrils (large arrow) and desmosomal junction (small
arrow). X 5,600. b, high power view showing the presence of ample tonofilaments
in the cytoplasm, x 12,000.

Fig. 7. Detection of tonofilaments in the HSG clone treated with retinoic acid.
Immunoelectron micrograph without staining by uranyl acetate and lead hydrox
ide, demonstrating the presence of microfilamentary systems reactive to mouse
monoclonal anti-M, 68,000 cytokeratin in the HSG clone treated with retinoic
acid, x 15,000.

salivary gland cancer. Further investigations of the assessment
of the long-term potential of retinoic acid as a chemotherapeutic
or differentiation-inducing agent for neoplastic human salivary
intercalated duct cells are now in progress in our laboratory.
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