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Abstract ACC3, a human adenoid cystic carcinoma cqjj
system of salivary gland origin, is able to synthesize an

secrete a large amount of basement membrane molecA#snoid cystic carcinoma is characterized histologically
in vitro. To define the ultrastructural secreting pathwayy a cribriform appearance resulting from formation of
of these molecules, we immunolocalized heparan smiulti-pseudocystic spaces in each tumour cell nest. The
phate proteoglycan (HSPG) in ACC3 for 7 days of cytseudocysts are surrounded by tumour cells of the myo-
ture. In the early stage of culture, the main compartmeststhelial type and are filled with extracellular matrix
immunolabelled were rough endoplasmic reticulugbmponents including basement membrane molecules
(rER) and small secretory vesicles. From days 3 to 4 ff-5]. Since there are few cellular components in the
ter plating, it was noticed that HSPG was localized pseudocystic space, it has been postulated that these tu-
partially dilated spaces of the perinuclear, rER and Gotgour cells secrete extracellular matrix components into
cisternae and in lysosomes or those fused with multitee intercellular space [6-9]. The abundant retention of
sicular bodies and endosomes. On and after day 5,balsement membrane molecules in the stromal space and
most every Golgi apparatus showed marked dilatationggfeudocystic cavities suggests that basement membrane-
the cisternae and HSPG was immunolocalized in thegh matrix is essential for proliferation of adenoid cystic
dilated spaces. In the later stage of culture, autophagi¢cinoma cells, and we have interpreted their frequent
vacuoles or secondary lysosomes, which were simulisasion of peripheral nerves, blood vessels, and skeletal
neously labelled for HSPG and cathepsin D, were acendscles as showing that these carcinoma cells have an
mulated in the cytoplasm. HSPG deposition in the inteffinity to basement membranes [8]. Using the cell sys-
cellular space was clearly demonstrated from day 1 asths ACC2 and ACC3, [10, 11], we have also shown
increased during the culture. The results indicate thlét adenoid cystic carcinoma cells attach, spread, and
ACC3 cells have an enhanced turnover cycle for HSPgsow rapidly on matrices containing basement mem-
not only its biosynthesis but also degradation of both dfrane molecules. These cell systems synthesize extracel-
dogenous or exogenous HSPG. Such intracellular eveotar matrix molecules, secrete them into the extracellu-
may be reflected in the characteristic histology and biar milieu and remodel their extracellular deposits

roduction

logical behaviour of adenoid cystic carcinomas. [11-14]; ACC2 cells form the characteristic pseudocystic
space in three-dimensional collagen gel cultures and in
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Heparan sulphate proteoglycan - Intracellular transport - In the previous study [11], intracellular signals for the

Cryoultramicrotomy - Immunogold technic; Je basement membrane molecules and fibronectin were dis-

tinguished from extracellular ones in ACC2 and ACC3
cells. In addition, we discriminated between two types of
intracellular signals: rough endoplasmic reticulum (rER)
and Golgi patterns. These interpretations were based
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[11, 16]. We sought to confirm the intracellular secretofigles, the grids were blocked with 3% normal goat serum in PBS
pathway of HSPG from biosynthesis to extracellular dgntaining 0.05 M glycine for 30 min. After washing with PBS, a
position by examining their ultrastructural appearancé%:)”d immunostaining for cathepsin D using 15 nm gold-labelled

. at anti-rabbit IgG was performed by the same procedure as
We found ultrastructural evidence for the enhanced tubibove. After incubation with the antibodies, the grids were post-

over of HSPG, which may be responsible for the chardiged with 2% glutaraldehyde and further with 1% osmium tetrox-

teristic histology and behaviour of adenoid cystic cardge. The grids were then stained with 2% uranyl acetate and em-
bedded in a mixture of 3% polyvinyl alcohol (PVA) and 0.3% ura-

nomas. nyl acetate (UA) with the UA/PVA ratio from 1:10 (positive coun-
terstain) to 10:1 (negative counterstain), according to the method
of Tokuyasu [21]. The grids were examined by a Hitachi H-300

Materials and methods electron microscope with an accelerating voltage of 75 kV.

The ACC3 cell system was established from an adenoid cystic car-

cinoma arising in the parotid gland of a 49-year-old man [11, 1Results

The cells were cultured in RPMI-1640 medium (Nissui Pharma-

ceutical Co., Tokyo, Japan) containing 15% fetal calf serum (Flo . . . .
Laboratory, Irvine, UK), 1% glutamine (Nissui), 5@/ml strepto- As shown in Fig. 1, ACC3 cells started logarithmic
mycin (Meiji Milk Products, Tokyo, Japan) and 50 IU/ml penicilgrowth at 24 h after plating (1.8+0.23*)1@&nd contin-
lin (Meiji) and incubated in a humidified 5% GO5% air atmo- ued until day 3 (10.5+1.08x4)) and then entered anoth-

sphere at 37°C. For this experiment, ACC3 cells between passages, ; ; ;
150 and 170 were used. ¥eSexponential, growth phase that persisted until day 8

ACC3 cells were seeded at cell concentration of 1.8%10 (2.1%0.20x18 at day 4, 3.8+0.43xP0at day 5,
2 ml complete medium in 35-mm plastic dishes, fed every 2 dfy#+0.46x10 at day 6, 1.09+0.058x%(Cat day 7, and
with fresh medium, and incubated as described above. Cells werg0+0.035x10 at day 8). The doubling time of ACC3
removed by trypsinization and counted for three sets of dishes g¥t|s was about 36 h (Fig. 1).

ery 24 h for 9 days. - .
Polyclonal antibodies against the bovine basement membral oWhen examined by electron microscopy on days 1-2

type HSPG core protein were raised in rabbits as described efféer seeding, ACC3 cells cultured on plastic dishes were
where [8, 11, 18]. Rabbit polyclonal antibodies against rat cathegeen to be hemispherical and to have plentiful microvilli
sin D [19] were used for identification of lysosomes. These polyith dilated ends at the apical surface. Their nuclei were

clonal antibodies were purified by passage through columns of an- : ;
tigen-coupled Sepharose-4B (Pharmacia, Uppsala, Sweden)@lge and irregularly lobulated. The cells spread widely

immunocytochemical experiments, the antibodies were usedafd adhered tightly to the plastic surface with a number
protein concentrations of 10-50g/ml. The second antibodiesof microprojections on the basal plasma membrane

were colloidal gold-labelled goat anti-rabbit 1gGs (gold particleg[:ig_ 2). There were many organelles including mito-

5, 10 and 15 nm in diameter; 1:20 dilution; Amersham Life S ; i ; ;
ence Products, Amersham, Bucks., UK). %hondria and rough endoplasmic reticulum (rER) in the

For electron microscopy, ACC3 cells were seeded and fed@dOPlasm. In addition, several kinds of vacuolar struc-
mentioned above. Each dish was fixed with 2.5% glutaraldehyides were noticeable: they were round dilated cisternae

in 0.1 M phosphate buffer (pH 7.4) for 2 h on ice every 24 h for¢f the rER (Fig. 3a), large spherical vacuoles containing
days after plating and then postfixed in 2% osmium tetroxide dlightly electron-dense homogeneous material, and

0.1 M phosphate buffer (pH 7.4) for 2 h on ice. The dishes w
dehydrated in graded ethanol series, and the cell layers v%ﬁ%a”er secretory granules or lysosomes along the baso-

stripped off from plastic dishes with a rubber policeman. Thégteral surface (Fig. 2)_- Free ribosomes _and polyribo-
were centrifuged for 10 min at 70§xand then the pellets weresomes were abundant in the cytoplasm (Fig. 3a). On the
embedded in Epon 812. Ultrathin sections were mounted on 1§H6athin cryosections made on the same days, perinucle-

mesh grids, stained with uranyl acetate and lead citrate, and exam-, : ; :
ined by a Hitachi H-300 transmission electron microscope with and rER cisternal spaces were immunolabelled with

accelerating voltage of 75 kV. gold particles, indicating the localization of HSPG core
For immunoelectron microscopy, dishes with the ACC3 celprotein. Gold particles for HSPG were also localized in
seeded and incubated as described above were fixed with 4% paraorphous or fibrillar material with a rather low electron
formaldehyde and 0.5% glutaraldehyde in 0.1 M phosphate buffer
(pH 7.4) for 2 h on ice every 24 h for 9 days after plating. The cell
layers were stripped off from dishes with a rubber policeman after
washing with 0.1 M phosphate buffer and were centrifuged A% 1 Growth curve of ACC3
above. The pellets were cryoprotected with 20% polyvinyl pyrrolig|s
done, 0.01 M sodium carbonate and 1.84 M sucrose in 0.1 M
phosphate buffer (pH 7.4) overnight at 4°C and then frozen in lig-
uid nitrogen. Ultrathin frozen sections were cut on a Reichert-Ni-
ssei Ultracut S equipped with a FC-S cryoattachment, as described
elsewhere [18]. The sections were mounted on 150 mesh grids
coated with Formvar and carbon.
For immunogold staining, all incubations were performed in a
moist chamber at room temperature by floating grids omul20-
droplets of reagents, basically according to the method of Goto et
al. [20]. The grids were blocked with 3% normal goat serum in
PBS for 15 min to prevent non-specific protein binding, then incu-
bated with the primary antibodies for 1 h. After washing with
PBS, the grids were incubated with colloidal gold (particles with a 10* — :
diameter of 10 nm)-labelled goat anti-rabbit IgG. For double stain- 0 2 4 6 8 10
ing, after the first immunostaining for HSPG using 5-nm gold par- Days after plating
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Fig. 2 Electron micrograph of
ACC3 cell at day 1 in resin sec-
tion. ACC3 cell shows hemi-
spheric shapes in vertical sec-
tion and plentiful microvilli

with dilated endsdrrowhead$
at the apical surface. It has a
large and irregularly lobulated
nucleus and contains many or-
ganelles, such as mitochondria
and rough endoplasmic reticu-
lum (rER), lipid droplets and
many kinds of vesicles.
x11,000;bar 2 pm

Fig. 3 ACC3 cell at day 2 imresin section anH cryosection im- Fig. 4 ACC3 cell at day 3 im resin section an cryosection im-
munolabelled for heparan sulfate proteoglycan (HSR&CC3 munolabelled for HSPG Dilatation of perinuclear spacarow-
cell shows round dilatation of rERwfowhead$. Free ribosomes head$ is frequently observed. x11,000ar 1 pm. b Gold parti-
or polyribosomes are also abundant in the cytoplasm. x21,00&s for HSPG are accumulated in dilated perinuclear spaee (
bar 1 pm. b Gold particles for HSPG are localized in rERrow- rowhead$ (N nucleus). x39,00(har 0.5um

head3 and perinuclear spacarfows) and are also confined in

amorphous or fibrillar material in extracellular spabenficleus).

x74,000;bar 0.1 um
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Fig. 5 ACCS cell at day 4 im resin section ant cryosection im- Fig. 6 ACC3 cell at day 5 i resin section ant cryosection im-
munolabelled for HSPGa Dilated cisternae are conspicuous imunolabeled for HSPGa Every Golgi apparatusafrowhead$
Golgi apparatusafrow) in perinuclear area, where there are marshows marked dilatation of its cisternae; round-shaped dilatation
Golgi vesicles or small tubulovesicular structurasrqwhead$. of rER cisternae and autophagic vacuokesofv) are noticeable.
x27,000;bar 0.5 um b Many gold particles for HSPG are local-x10,000;bar 1 um. b Markedly dilated Golgi cisternae contain
ized in dilated Golgi cisternae in addition to rER cisternae, perimgnld particles for HSPG\ nucleus). x35,000ar 0.5um

clear spaceafrowhead$ and numerous tubulovesicular structures

(N nucleus). x70,000; bar Oign

density in the extracellular space of the basal side ofOn day 5, almost every Golgi apparatus had markedly
cells (Fig. 3b). Extracellular deposition of HSPG wadilated cisternae with electron-lucent contents (Fig. 6a).
first recognized at the basal side of ACC3 cells from d&pcal and round dilation of cisternae was still seen in the
1, and thereafter its extracellular signals at the basolat&R. There were various-sized vacuoles (@07 in di-
al aspect increased in number. ameter at the largest) with heterogeneous contents,
After 3 days of culture, focal dilatation of the perinuwhich were regarded as autophagic secondary lyso-
clear space was noticeable (Fig. 4a). The space contas@uies. On the cryosections, markedly dilated Golgi cis-
many gold particles of HSPG (Fig. 4b). At day 4, Golgérnae similar to those shown in Fig. 6a contained gold
cisternae became partially dilated, and these irregulamgarticles of HSPG (Fig. 6b). Gold particles of HSPG
shaped rER and Golgi apparatus were surroundedwsre also found in phagosomes as well as in the dilated
Golgi vesicles and small tubulovesicular structureER cisternal space. Large spherical vacuoles (tn2n
(Fig. 5a). On the cryosections, a large number of galthmeter) with low electron-dense contents, first seen at
particles of HSPG were seen in the Golgi cisternae atay 4, increased in number (Fig. 7a). They were consid-
in numerous small vesicles (Fig. 5b), discernible only leyed to be secondary lysosomes because of the presence
negative counterstaining around them. Gold particlesaifmyelin-like structures in the lumina. In addition, there
HSPG found in the perinuclear and rER cisternal spagere small multivesicular bodies (OlBn in diameter)
decreased in number after the first 3 days. around focally dilated rER and the Golgi cisternae. On
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Fig. 7 ACC3 cell at day 5 im resin section ant cryosection im- Fig. 8 Multivesicular bodies and autophagic vacuoles in ACC3
munolabelled for HSPG Large distended vacuoles usually coneell at day 5a in resin sections anb—d in cryosections immuno-
tain low electron-dense material, but sometimes myelin bodiésbelledb for cathepsin D¢ for HSPG andd for HSPG and ca-
Multivesicular bodies drrowhead} are scattered among these¢hepsin D.a Multivesicular body &rrowhead$ is apparently limit-
vacuoles and rER with dilated cisternagrdw). x10,000;bar ed by unit membrane and contains numerous vesicles. x40,000;
1 um b Large spherical vacuoles contain numerous gold particlesr 0.3 um b Multivesicular body contains gold particles for ca-
for HSPG, which are confined to electron-lucent amorphous matieepsin D. x70,000har 0.1 pm ¢ Autophagic vacuoles fused with
rial. x34,000;bar 0.5pm multivesicular bodies contain heterogeneous material such as
membranous fragments and myelin bodies. These vacuoles con-
tains gold particles for HSPG. x20,0083r 0.5 pm d Autophagic

. : . 1. vacuoles contain gold particles for both HSPG (5 nm gold) and ca-
the cryosections, large spherical vacuoles ({1r2in di- tflcgpsin D (15 nm gold). x60,00Bar 0.1 um

ameter) contained numerous gold particles of HSP
(Fig. 7b). Within the vacuolar space, the gold particles of

HSPG were confined in fine and faintly electron-densleere were larger HSPG-immunopositive vacuoles
granules or in somewhat fibrillar material. Also in th€.5-1.0pm in diameter), with heterogeneous contents
extracellular space, the gold particles of HSPG were kuch as membranous fragments forming myelin figures
calized in the similar granulo-fibrillar material. The chaand small vesicles/granules (0.0 in diameter). We
acteristic multivesicular bodies (0.8m in diameter) suggest that these were autophagosomes or secondary ly-
mentioned above were apparently membrane limited sswomes fused with multivesicular bodies (Fig. 8c).
contained numerous small vesicles with homogeneodltsese hybrid vacuoles were simultaneously immunola-
appearances (0.0&m in diameter; Fig. 8a). These bodbelled with 5-nm gold particles for HSPG and 15-nm
ies appeared more often in confluent cultures. On crgwld particles for cathepsin D (Fig. 8d).

section, they contained gold particles for cathepsin DAt day 3 of culture and thereafter, intercellular cana-
(Fig. 8b), indicating that cathepsin D is transported inliculus-like structures began to appear among the ACC3
multivesicular bodies via the Golgi apparatus and thzlls. These were formed by the sealing of plasma mem-
multivesicular bodies function as a sort of primary lysbranes of neighbouring cells with desmosomes and with
somes. In connection with the multivesicular bodietight junctions. Some of the microvilli with actin fila-



the post-embedding method [18, 19]. Its other important
advantage was negative counterstaining on ultrathin fro-
zen sections, enabling us to recognize numerous vesicu-
lar structures that are masked in positive electron stained
sections [23]. Freezing pellets of scraped cells was our
own device for screening many cells efficiently.

The present study shows that our interpretations of
the intracellular and extracellular immunofluorescence
signals of HSPG in ACC3 cells were not always accurate
in terms of location. In the immunofluorescence study
[11], we suggested that the intracellular signals, with dif-
fuse and fine granular patterns, were evidence of biosyn-
thesis of HSPG in the rER (ER pattern) and that the peri-
nuclear aggregation of coarse granular signals was evi-
dence of transport of HSPG into the Golgi apparatus
(Golgi pattern). Dotted or thread-like signals in the ex-
tracellular space represented intercellular deposition of
HSPG. This study revealed that the ER pattern of immu-
nofluorescence was identical to the accumulation of gold
particles for HSPG core protein in the rER cisternae, in-
dicating that the biosynthesis of HSPG is actively occur-
ring in the cells. The Golgi pattern of immunofluores-
cence is HSPG retention within the Golgi stacks. How-
ever, the dilated perinuclear spaces seen in the middle
stage of culture represent another Golgi pattern and were
quite characteristic of ACC3 cells. The presence of irreg-
ularly dilated rER and Golgi cisternae suggests an en-
hanced synthetic cycle or overproduction of HSPG mole-
cules not seen in other carcinomas. Similar observations
have been obtained when lysosomal enzymes are inhibit-
ed with leupeptin, vinblastine, and chloroquine in hepa-
TR i R tocytes [24—-26], or when proteoglycan secretion was in-
AR RINA R ] we . hibited with monensin [27]. The secretory process of
Fig. 9 Intercellular adhesion of ACC3 cells at dayadn resin newly synth_esued HSP.G may .be regulated by a lysoso-
section and cryosection immunolabelled for HSP&Intercellu- Mal degrading mechanism, which takes care of overpro-
lar canaliculus 4rrows) is formed by sealing of plasma memduction of the molecule. Therefore, loss of control of
branes of neighbouring cells with desmosonesovhead$ and such a cycle of degradation may be one of the reasons
by tight junctions. Microvilli projecting into lumen contain actingg, the overproduction of HSPG, and this overproduction

filament cores. x23,00@ar 0.5 um b Gold particles are accumu- . T -
lated in intercellular canaliculi and in intracellular vacuoles aroufg@y result in the characteristic histology of adenoid cys-

canaliculi. x17,000bar 0.5 pm tic carcinoma.
The most interesting finding in the present study was

the localization of HSPG in several kinds of vesiculo-
ment cores were projecting into the lumina (Fig. 9a). @acuolar structures other than focal dilatations of rER
cryosection, HSPG labelling was limited to faintly ele@nd Golgi cisternae. These vesiculo-vacuolar structures
tron-dense granules or to similar electron-dense amweere roughly classified into small round transport or se-
phous material within particular intercellular spaceasetory vesicles (ca. 0.2m diameter) budded from the
(Fig. 9b). These intercellular substances resembled tB® to the Golgi apparatus or from there to the cell sur-
ultrastructural features of the vacuolar contents showrfage, larger late-endosomal vesicles (0.5+ih0diame-
Fig. 7a and b. Surrounding these structures were va@r) fused with lysosomes, lysosomal vacuoles
oles (0.5-0.8um in diameter) containing gold particleg0.5-1.0um diameter) fused with multivesicular bodies,
for HSPG in the cytoplasm. and the largest, spherical vacuoles ({x2 diameter) of
a kind of autophagosomes. Since the last three were si-
multaneously immunolabelled for cathepsin D and
Discussion HSPG, they are thought to take part in the degradation of

HSPG. These findings suggest that there is an extraordi-
The primary aim of the present study was to clarify tmary variety of HSPG-degrading processes in ACC3
sequential transition of subcellular localization of HSP@lls. Since increased numbers of autophagosomes are
in ACC3 cells, using cryoultramicrotomy [18, 22] sinceharacteristic of cells in mucopolysaccharidoses (MPS),
HSPG is not well immunolocalized on resin sections lpycluding MPS Il type A, which lacks heparan sulphate




a7

lyases [28], further examination is necessary to deteB- Caselitz J, Schulzei G (1986) Adenoid cystic carcinoma of the
mine whether ACC3 cells are able to degrade HSPG insalivary glands: an immunohistochemical study. J Oral Pathol

: 5:308-318
their lysosomes. 4. Azumi N, Battiforah H (1987) The cellular composition of ad-

Classical explanations of intracellular transport [29] enoid cystic carcinoma. An immunohistochemical study. Can-
suggest the HSPG molecules in lysosomal compartmentscer 60:1589-1598 .
can be regarded as being in a degradation pathway, st&tSaku T, Okabe H, Yagi Y, Sato E, Tsuda N (1984) A compara-

; ; TR tive study on the immunolocalization of keratin and myosin in
ing from endocytosis. For the present, our findings are salivary gland tumors. Acta Pathol Jpn 4:1031-1040

evidence that ACC3 cells themselves participate directly gusutiil A (1977) Adenoid cystic carcinoma of the minor sali-
in remodelling HSPG deposits in the extracellular mi- vary glands. J Laryngol Otol 91:41-53 _ _ _
lieu. Another possible explanation for the localization of - Mochomovitz L E, Kahn L B (1977) Adenoid cystic carcino-

; ; ; i ma of the salivary gland and its histologic variants. Oral Surg
HSPG molecules in lysosomes is that they are in thelrOral Med Oral Pathol 44:394-404

biosynthetic pathway directly from the rER or Golgi apg_cheng J, Saku T, Okabe H, Furthmayr H (1992) Basement
paratus. Such degradation systems for newly synthesizednembranes in adenoid cystic carcinoma: an immunohisto-
proteins have been demonstrated in type | collagen in fi- chemical study. Cancer 69:2631-2640

broblasts [30] or aminopeptidase N in enterocytes [31: Hudbngr G, K'gi“ng'Sl_er do' K'e(ij” Hs(l%g)lgur Fei”\j.”ur'ftur
It is uncertain which intracellular compartments are re- 'S [Aﬁnsisﬁzggr_m)é'n rome der speicheldrusen. Virchows
sponsible. Several groups of researchers have suggesieghibata Y, Cheng J, Saku T, Okabe H (1993) Proliferation of

that lysosomes are involved in this process [30, 32, 33], adenoid cystic carcinoma cells controlled by extracellular ma-
although conflicting evidence of extralysosomal degra- trix. Jpn J Oral Biol 35:169

- - _Cheng J, Irié T, Munakata R, Kimura S, Nakamura H, He RG,
dation of newly synthesized collagen has also been p]l’% Liu AR, Saku T (1995) Biosynthesis of basement membrane

sented [34-36]. ] molecules by salivary adenoid cystic carcinoma cells: an im-
The extracellular immunofluorescence for HSPG was munofluorescence and confocal microscopic study. Virchows

only recognized in the later stage of culture as dotted orArch 426:577-586

I . Sobue M, Takeuchi J, Niwa M, Yasui C, Nakagaki S, Nagas-
thread-like pattern_s [11]. In the present study, howevé‘?‘, aka T, Fukatsu T, Saga S, Nakashima N (1989) Establishment
we demonstrated immunogold signals for HSPG in the of a cell line producing basement membrane components from
extracellular space even 24 h after plating. This may bean adenoid cystic carcinoma of the human salivary gland. Vir-
due to higher resolution or sensitivity of the technique of chows Arch [A] 57:203-208 _
immunoelectron microscopy. We have already demoks Shirasuna K, Watatani K, Furusawa H, Saka M, Morioka S,

. . .. Yoshioka H, Matsuya T (1990) Biological characterization of
strated that a discernible bulk of HSPG molecules is pseudocyst-forming cell lines from human adenoid cystic car-

shed by ACC3 cells into the culture medium within 3 h' cinomas” of minor salivary gland origin. Cancer Res 50:
after plating, in a pulse-chase experiment usidgeu- 4139-4145 _ _ _
cineP5S-methionine labelling [37]. The accumulation o¥4. Shirasuna K, Saka M, Hayashido Y, Yoshioka H, Sugiura T,

; P ; ir Matsuya T (1993) Extracellular matrix production and degra-
gold particles for HSPG in intercellular canaliculus-like dation by adenoid cystic carcinoma cells: participation of plas-

structures may correspond to the dot- or thread-like im- minogen activator and its inhibitor in matrix degradation. Can-
munofluorescence along the cell border. The localization cer Res 53:147-152 )
of HSPG in the canalicular space is not always consl§- Munakata R, Iri¢ T, Cheng J, Nakajima T, Saku T (1996)

tent with the primary function of intercellular canaliculi Pseudocyst formation by adenoid cystic carcinoma cells in
[38] becausepthis ty e of HSPG is an extracellular ma- collagen gel culture and SCID mice. J Oral Pathol Med 25:
; yp 441-448

trix_molequle. Functional _differentiation may not necess. Kimura S, Toyoshima K, Cheng J, Oda K, Saku T (1994)
sarily be in agreement with the morphological architec- Basement membrane heparan sulfate proteoglycan synthesized
tures of ACC3 cells. True ductal structures are rarely by ACC3, adenoid cystic carcinoma cells of the human saliva-

iy . . . ; ry gland origin. Trans Soc Pathol Jpn 83:171
formed within adenoid cystic carcinoma; these are mosg- P RG, Zhang XS, Zhou XJ (1988) The establishment of cell

ly composed of cells with myoepithelial characteristics jines of adenoid cystic carcinoma of human salivary glands
[5], and some hybrid of stromal pseudocysts and ductal (ACC2, ACC3) and a study of morphology. West Chin J Sto-
lumina might be represented in the intercellular canalicy- matol 6:1-4 o .
li of ACC3 cells in culture 18. Saku T, Furthmayer H (1989) Characterization of the major
) heparan sulfate proteoglycan secreted by bovine aortic endo-
) ) thelial cells in culture. J Biol Chem 264:3514-3523
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