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Abstract A transplantable tumour line (SS) was estaB3-1) might express myofibroblastic and histiocytic phe-
lished in syngeneic rats from a spontaneous fibrosarootypes, probably depending on the surrounding condi-
ma that had arisen in the submandibular salivary glandiofhs. These cell lines may prove useful for studying the
a 24-month-old male F344 rat. A cell line (SS-P) was imechanisms of phenotypic plasticity in neoplastic fibro-
duced from SS, and a cloned cell line (SS-A3-1) was iddasts.

lated from SS-P. The primary tumour consisted of oval to

spindle-shaped cells arranged in bundles with abundKey words Rat-fibrosarcoma-derived transplantable
collagen fibres; ultrastructurally, neoplastic cells exhibitasmour - Rat fibrosarcoma-derived cell line -

ed fusiform morphology with prominent rough endoplasdyofibroblastic cell - Histiocytic cell - Phenotypic

mic reticulum. SS tumours showed marked interlacimgodulatior:

fascicle and herring-bone growth patterns. SS-P and SS-

A3-1 were simmilar morphologically to each other, con-
sisting of oval, spindle or polygonal cells and occasioriatroduction

multinucleated giant cells. Tumours induced by SS-P

and SS-A3-1 were histologically similar to SS tumourEibrosarcomas are well-defined soft-tissue tumours,
Immunohistochemically, all cells in the primary tumouwhich are derived from fibroblasts [8]. These are the
SS tumours and tumours induced both by SS-P and §fdst common cells of connective tissue, and fibrosarco-
A3-1 and by SS-P and SS-A3-1 cultures gave a positivas thus arise at various sites and in many organs [8, 18,
reaction to vimentin. Interestingly, neoplastic cells rea@g]. Although fibroblastic cells have traditionally been
ing to ED1 (rat macrophage/histiocyte-specific antibodgpnsidered to be relatively uniform in morphology and
anda-smooth muscle actira(SMA) appeared in SS tu-function, they appear to be endowed with multiple func-
mours and tumours induced by SS-P and SS-A3-1 aighal and morphological properties [15, 23]. Myofibro-
by SS-P and SS-A3-1 cultures. Cells with histiocytic firtslastic differentiation has been observed in human fibro-
structures and myofibroblastic cells with cytoplasmic asarcomas by electron microscopy and immunohisto-
tin-like microfilaments were also observed by electrathemistry [8, 10, 18, 26], and these cells found in granu-
microscopy. The present rat fiborosarcoma-derived traiion tissues and fibrotic lesions have been considered
plantable tumour line (SS) and cell lines (SS-P and $6-be derived from pre-existing fibroblasts [3, 4, 6, 19,
23, 25, 34, 40]. Some studies have revealed that fibro-
blastic cells have the capacity to undergo histiocytic and
J. Yamate [(]) M. lwaki - D. Kumagai - Y. Tsukamoto adipocytic differentiation or epithelial conversion, de-
M. Kuwamura - T. Kotani - S. Sakuma pending on genetic and/or microenvironmental factors
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cal characteristics of the primary tumour, SS, and of Se flasks (25 cg). The growth medium was Eagle’s minimum
P and SS-A3-1 were investigated by light/electron nfissential medium (MEM: Nissui, Japan) containing 10% fetal bo-

: : : ne serum (Bioserum, UBC, Japan), 0.08%lutamine (Nissui),
croscopy and enzyme/immunohistochemistry. Intere Enicillin (100 U/ml) and streptomycin (100 pg/ml). The cultures

ingly, apart from fibroblastic morphology, cells withyere incubated at 37° C in a humidified 5% LC@mosphere.
myofibroblastic and histiocytic phenotypes were seendonfluent cell sheets were treated with a mixture of 0.1% trypsin
the derivatives. and 0.02% EDTA in PBS, and cells were subcultured at 7- to 10-
day intervals [30, 38]. The cell line, named SS-P, was serially
passaged until the 35th generation.
" SS-P cells at passage 33 were cloned twice consecutively by a
Materials and methods limiting dilution technique as described elsewhere [36]. Five
cloned cell lines, named SS-A3-1 to SS-A3-5, were isolated. Mor-
Specific-pathogen-free male and female F3-44/DuCrj rats, ag#tblogical observations with a phase-contrast microscope showed
8-24 weeks and weighing 135-368 g, were used throughout et these cloned cell lines were very similar to each other. A
experiments. After purchase from Charles River Japan (Shiga, clane (SS-A3-1) was successively subcultured in MEM until the
pan), they were housed in an animal room at a controlled temp@@th passage by the same methods as described in SS-P culture.
ture of 22+3° C and with a 12-h light dark-cycle and fed a stan- Cultured cells of SS-P and SS-A3-1 at various passage levels
dard commercial laboratory diet for rats ad libitum. All rats usedere examined, and tumours that developed in syngeneic rats fol-
were killed by ether anaesthesia. lowing inoculation of 10 cells of SS-P and SS-A3-1 at different
The primary tumour was found in the right submandibular glapdssages were also examined by light/electron microscopy (Table 1).
of a male F344 rat sacrificed at the age of 24 months; the rat was ifFor microscopic examination, tumours were weighed and fixed
a life-span study designed to yield pathological background dimtal0% neutral buffered formalin. They were embedded in paraf-
with advancing age. A tissue fragment 2 mm in diameter was asditj-sectioned and stained with haematoxylin-eosin (HE), periodic
cally cut from the primary tumour, which was later diagnosed asdeid—Schiff (PAS), Watanabe’'s silver impregnation for reticulin,
brosarcoma by pathological examinations. The tissue fragment azan-Mallory for collagen, phosphotungstic acid haematoxylin
transplanted subcutaneously into a syngeneic male rat through a(#®AH), and alcian blue (pH 2.5). Frozen sections from the forma-
char under ether anaesthesia [38, 39]. Five weeks after the impldimtdixed tissues were stained with oil red 0.
tion, a subcutaneous tumour developed into a nodule weighing 3 gFormalin-fixed, deparaffinized sections were also stained by
A portion of the subcutaneous tumour was used for transplantatiem indirect immunoperoxidase method. Primary antibodies used
in the second generation. Serial transplantations were then madeeashown in Table 1. The detailed procedures have been described
4- to 7-week intervals for each generation until the 10th using #isewhere [39, 41]. Briefly, after treatments with 0.1% trypsin so-
same method as described above; in each passage, one to fourlutiale and then with 3% D,, the sections were incubated for 14
and female rats were used. The transplantable tumour line was ldest- 4° C with the primary antibodies listed in Table 1. Subse-
ignated SS. The primary tumour and the SS tumours that develapeehtly, they were incubated for 1.5 h at 37°C with secondary an-
at all passages were examined morphologically. tibody. The secondary antibody used was 400-fold-diluted peroxi-
To establish the cell lines, tumour tissues removed asepticalhse-conjugated affinity-purified goat anti-mouse IgG Fc fragment
from SS at passage 3 were minced with scissors and dispeesgtbody (Jackson Immunoresearch Laboratories (JIL). Pa., USA)
with 0.1% trypsin and 0.02% ethylenediaminetetraacetic adi the monoclonal primary antibodies or 400-fold-diluted peroxi-
(EDTA) in phosphate-buffered saline (PBS) for 3 h. The dispersaaise-conjugated affinity-purified goat anti-rabbit IgG (JIL) for the
cells were washed twice in PBS and seeded in plastic tissue palyclonal primary antibodies. Positive reactions were visualized

Table 1 Primary antibodies used and results in the enzyme/immALP alkalin phosphatas&MTsmooth muscle tumour [38MFH
nohistochemical examinations of the primary fibrosarcoma, istransplantable rat malignant fibrous histiocytoma [38], all
transplantable tumour line (SS), cultured cell lines (SS-P and 8Hs were positive2 + a number of cells but not all were positive,
A3-1) and the tumours induced by SS-P and SS-A3-1 €éils. + occasional cells were positive, + only a few cells positivap
SMAa-smooth muscle actirED1 rat macrophage/histiocyte-spe-cells positive NE not examinec

cific antibody, ACP acid phosphatasé&SE nonspecific esterase,

Antibody Monoclonal Dilution Rattissue used as  Staining results
(sourceh /polyclonal positive contreél

Primary SS Cultured cells Induced tumours
tumour  tumours

SS-P  SS-A3-1 SS-P  SS-A3-1

Vimentin (DAKO) Mono x400 MFH 3+ 3+ 3+ 3+ 3+ 3+
Desmin (DAKO) Poly x400 SMT - + - - + +
a-SMA (DAKO) Mono x400 SMT * +~2+ + + +~2+ +
Keratin (DAKO) Poly x400 Epidermis - - - - - -
S-100 protein (DAKO) Poly %400 Schwannoma - - - - - -
ED1 (CHEMICON) Mono x400 Histiocytic cells - +~2+ 2+ 2+ +~2+ +~2+
in MFH
Enzymatic staining (method)
ACP (Gomori’'s method, pH 5.0) MFH N E + 2+ 2+ + +
NSE (Alpha-naphthyl acetate, pH 7.4) MFH N E + 2+ 2+ + +
ALP (Naphthol AS, pH 9.0) MFH N E - - - - -

a SS tumours were examined at each passage to the 10th gernmssages 6, 18, 25 and 30, and tumours by SS-A3-1 cells at pas-
tion. Cultured SS-P cells at passages 5, 7, 11, 19, 25 and 30, sages 3, 10 and 15 were examined

cultured SS-A3-1 cells at passages 3, 8, 10 and 15 were examiR@AKO Corp., Santa Barbara, Calif., CHEMICON International, USA
Tumours induced in syngeneic rats by inoculating SS-P cellscddescribed in earlier papers [38, 39, 41]
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with diaminobenzidine tetrahydrochloride, and sections wegeneration, there were no marked differences in tumour
counterstained with haematoxylin. Rat tissues were used as p&?\mh between different passages; transplanted tissue

tive controls [38, 39, 41], and sections treated with nonimmu . . .
mouse or rabbit serum instead of primary antibody, as negal gments grew into nodules 5-6 cm in diameter and

controls. —-90 g in weight by 7 weeks after subcutaneous im-
Frozen sections from fresh tumour tissues were stained for gglentation.

phosphatase (ACP; Gomori's method, pH 5.0), nonspecific ester-pMacroscopically, subcutaneous tumours were well de-
ase (NSE; alpha-naphtyl acetate method, pH 7.4) and alkal

phosphatase (ALP; naphthol AS method, pH 9.0) by the same m%rcated .by their fibrous capsule, with .haemorrhaglc

zyme-histochemical methods as described previously [38, 39, 481d necrotic areas on the cut surface. No invasive growth
For electron microscopy, small blocks from tumours wel@ metastasis was present in any rat bearing a tumour.

fixed in 2.5% buffered glutaraldehyde and postfixed in 1% buf- Although the histological findings in SS tumours

fered osmium tetroxide. They were embedded in epoxy resin §9dre generally similar to those in the original tumour
sectioned. The ultra-thin sections were stained with uranyl acetgté ’

and lead citrate and examined in an electron microscope (HitalHET® Were some differences. In SS tumour at all passage
H-600) at 75 kV. levels, cell pleomorphism and growth fashions such as

Doubling time was determined from viable cell numbers ati@terlacing fascicle and herring-bone pattern (Fig. 3)
and 3 days after 2.5x1@ells had been seeded in each glass flagfere evident; occasional multinucleated giant cells were

(5 cm in diameter) [36, 41]. The viable cells, assessed by try P .
blue dye exclusion, were counted in triplicate cultures usingloﬁﬁatgo seen, and mitotic figures were more frequent. As in

haemocytometer. For chromosome number, subconfluent ¢8€ original tumour, all neoplastic cells in SS were im-
sheets were exposed to colchicine in a concentration of 0.5 pgMinopositive for vimentin and negative for keratin and
for 3 h. After being suspended in a hypotonic solution, cells wege100 protein (Table 1). However, in SS tumours, neo-

fixed in a mixture of methanol 3:acetic acid 1, and stained wi - : f . f
Giemsa [30]. Chromosome numbers in 50 cells were counted. H]astlc cells with abundant, eosinophilic cytoplasm, in

For enzyme/immunohistochemistry, cells grown for 24-48 h ¥hich intracytoplasmic fibrils were demonstrable by
tissue culture glass slides were fixed in cold acetone [36, 41]. ThBAH staining, were seen frequently. These cells were
enzyme-histochemical staining included ACP, NSE and ALP, afshctive toa-SMA, and some were desmin positive.

the methods were as described for in vivo observations. After tr _ i _
ment with 3% HO,, the fixed cells were also stained by the indire%?‘!)1 positive cells were often seen throughout SS tu

immunoperoxidase method as described above, using the prin’iﬁ rs. There were also cells reactive for ACP and NSE

antibodies listed in Table 1. Cultured cells fixed in Bouin's solutidf "high cellularity areas, but no cells reacting to ALP
were stained with HE for morphology. For electron microscopy, palere present.

leted cells were processed and examined as described above. Apart from elongated fibroblastic cells with well or
moderately developed rough endoplasmic reticulum, as
Results seen in the primary tumour, cells with microfilament

bundles running parallel to the plasma membrane (Fig.
The primary tumour was a demarcated nodule involvidyor cells with diffusely distributed microfilaments with
the submandibular gland. It was grey and measured 2xtggasional dense bodies in the cytoplasm were observed
cm. Neither infiltrative growth into surrounding subcutigy electron microscopy.
nor metastasis to distant organs was seen. HistologicallyThe doubling times of SS-P at passage 23 and SS-A3-1
the tumour consisted mainly of oval to spindle-shapatipassage 5 were 36.5 h and 19.6 h, respectively. Chro-
cells, with a small round or fusiform nucleus (Fig. 1jnosome numbers in SS-P at passage 25 were distributed
These neoplastic cells were arranged in bundles. Acini &etiveen 58 and 71 with a peak at 65, whereas those in SS-
ducts of the gland were entrapped by infiltrating neopl#s3-1 at passage 5 were mostly between 56 and 58 with a
tic cells. Mitotic figures were occasionally seen. The tpeak at 57. Since the chromosome number in normal rat
mour cells were separated by abundant collagen fibce#ls is 42 [30], those of SS-P and SS-A3-1 showed abnor-
stained blue by the azan-Mallory stain. Silver stamal distribution, indicating numerical aberration.
showed well-developed, thick reticular fibres surrounding
each neoplastic cell. PAS-positive basement membrane-
like material was not detected. PTAH stains failed to dem-
onstrate intracytoplasmic cross-striations or longitudirrgig. 1 The primary tumour arising in the submandibular salivary
striations. Oil red O-positive cells were not seen. The fand of an F344 rat. It consists of oval to spindle-shaped cells

: ; ; th small round or fusiform nuclei; they are arranged in bundles
tercellular ”?ate”a' was negative fpr alcian blue_- (pH 2'%th abundant collagen fibres between thémow indicates acini
All neoplastic cells were strongly immunoreactive for Visrapped by infiltrating neoplastic cells. HE, x50

mentin. Only a few cells gave a positive reactioroio ig. 2 Electron micrograph of a neoplastic cell in the primary tu
SMA, and. no cells reac'glng to desmln, ED1, keratin, or oﬂr. The cell has some mitochondria and well-developed rough
100 protein were found in tumour tissue (Table 1). endoplasmic reticulumN nucleus). x18,009

Ultrastructurally, most neoplastic cells examined
showed a Splndle_—shaped configuration with an elo_ngall/F sage 5, showing a herring-bone growth pattern. HE, x450
nucleus, and their cytoplasm possessed some mitochon-

drla and We”_developed rough endoplasmlc retlculu ig. 4 Electron miCrOgraph of a neoplastic cell in the SS tumour.

: : ; : : he cell has well-developed rough endoplasmic reticultER)(
with slightly dilated cisternae (Fig. 2). and microfilament bundlesafrowhead$ running parallel to the

~ Serial transplantations to the 10th passage were m_add%’na membranerrows indicate dense bodies in the microfila-
in both sexes, with a 100% take rate. Except for the fing#nt bundle. x20,00:0

3 Rat fibrosarcoma-derived transplantable tumour (SS) at
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Fig. 5A-D Cultured cells of
SS-P established from the SS
tumour.A Monolayer culture
consisting of oval, spindle-
shaped or polygonal cells with
hyperchromatic nuclei and oc-
casional multinucleated giant
cells. HE, x200B All cultured
cells are reactive for vimentin.
Immunohistochemistry, count-
erstained with haematoxylin,
x350.C Many cells react to
ED1 (rat macrophage/histio-
cyte-specific antibody), and the _
positive products appear as finey
granules in the cytoplasm. Im-
munohistochemistry, counter-
stained with haematoxylin,
x250.D Two cells have devel-
oped filamentous reactions to
a-smooth muscle actiro¢
SMA) in their cytoplasmAr-
row points out cells negative
for a-SMA. Immunohisto-
chemistry, counterstained with
haematoxylin, x30:

W

Fig. 6 Electron micrograph of a SS-P cell having many lysd-ig. 7 Tumour induced by SS-P cells, showing an interlacing fas-

somes &rrows) and some surface folds, giving an appearance dtle growth pattern. ED1-positive cellar(fows) are often inter-

histiocytic cells. x15,0Ca mingled in the area. Immunohistochemistry, counterstained with
haematoxylin, x45:
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Monolayer cultures of SS-P and SS-A3-1 at differeabundant cytoplasm were characterized by numerous cy-
passage levels were similar morphologically and irteplasmic microfilaments, prominent plasmalemmal pi-
munohistochemically (Table 1); the cultures consisted mfcytosis and interrupted basal lamina (Fig. 11).
oval, spindle-shaped or polygonal cells with hyperchro-
matic nuclei, and occasional multinucleated giant cells
(Fig. 5A). All cultured cells were reactive for vimentirDiscussion
(Fig. 5B), but negative for desmin, keratin, S-100 protein
and ALP. ACP-, NSE- and ED1-positive cells were frén F344 rats used in carcinogenesis tests as controls or in
guently seen. The positive reactions to ED1 appearedif@gsspan studies, the incidence of spontaneously occur-
fine granules in the cytoplasm (Fig. 5C). Occasiondhg neoplasms in the salivary gland is less than 0.1%
cells with relatively abundant cytoplasm developed fil§20]. The salivary gland tumours reported hitherto have
mentous reactions ta-SMA (Fig. 5D), but were nega-been adenomas, adenocarcinomas and mesenchymal tu-
tive for desmin. mours such as malignant schwannoma, fibrosarcoma and

Ultrastructurally, cells of SS-P and SS-A3-1 wenendifferentiated sarcoma [20]. Schwannomas consist of
analogous to each other; many cells examined had v&d100 protein-positive, spindle-shaped neoplastic cells
ous numbers of lysosomes and some surface folds, gith a palisade arrangement of their nuclei [7, 8, 20].
ing an appearance of histiocytic cells (Fig. 6). Occasiddndifferentiated sarcoma is characterized by marked cell
al cells possessed microfilaments and moderately deyg&omorphism, with fusiform or polygonal cells and
oped rough endoplasmic reticulum in their cytoplasm. multinucleated giant cells arranged haphazardly; the ori-

SS-P and SS-A3-1 cells were tumorigenic in syngerginal cell may be at a more primitive stage [20]. In the
ic rats. Tumours induced by SS-P and SS-A3-1 cdllesent primary tumour, no cells reactive to S-100 pro-
grew into nodules 3-5 cm in diameter by 6—8 weeks #fin or keratin-positive epithelial cells were found. Oval
ter subcutaneous inoculation. The tumours were atsospindle-shaped cells were arranged in bundles with
well demarcated; no invasion into surrounding tissuabundant collagen fibres among neoplastic cells and re-
and no metastasis were found. Histologically, the imealed significant pleomorphism. Ultrastructurally, neo-
duced tumours bore a close resemblance to SS tumopliastic cells exhibited fusiform morphology with promi-
Immunohistochemically, as shown in Table 1, all tumonent rough endoplasmic reticulum. These characteristics
cells were reactive for vimentin, and ED1-positive cellave been reported in fibrosarcoma [8, 9, 18]. There
were often intermingled. The ED1-positive cells seen were no demonstrable findings suggestive of smooth and
necrotic areas were large, round, and had abundant, stdated muscle origin. The primary tumour was thus di-
casionally foamy cytoplasm and an indented nucleagnosed as a fibrosarcoma with perivascular or interlobu-
with prominent nucleoli, indicating infiltrating macrodar connective tissue cells as a possible origin.
phages. In contrast, ED1-positive cells in areas of highCompared with the primary tumour, SS tumours and
cellularity, together with ED1-negative neoplastic cellsymours induced by SS-P cells showed a histology more
were arranged in interlacing fascicles and both ED1-pégpical of fibrosarcomas [8, 20]: in particular, interlacing
itive and ED1-negative cells were oval to fusiform ifascicles or classic herring-bone patterns. More interest-
shape with a hyperchromatic nucleus (Fig. 7): the EDhgly, many cells reacting ta-SMA were intermingled
positive cells appeared to be proliferating neoplastic SS tumours and tumours induced by SS-P cells, al-
cells. There were also areas consisting of oval to elonghttugh such cell types were rarely found in the primary
ed cells with abundant cytoplasm and a round or fuskmour,a-SMA-positive cells were also observed in SS-
form nucleus (Fig. 8); they gave a strongly positive red@-cultures. In contrast to chromosome numbers of the
tion to a-SMA (Fig. 9). In these areas, some cells algarent SS-P, showing a wide distribution, those of SS-
reacted to desmin (Fig. 10). Ultrastructurally, cells with3-1 were distributed within a restricted range, indicat-

ing high clonality. Even in SS-A3-1 cultures and tu-

mours induced by SS-A3-1 cells, cells reactingato
Fig. 8 Tumour induced by SS-P cells, showing an interlacing fa8MA were also seen. This excludes contamination by
cicle arrangement. Some cells are oval or fusiform in shape, witbn-neoplastic cells and suggests phenotypic changes in
abundant cytoplasnafrowhead$. HE, x45(: neoplastic fibroblasts.
Fig. 9 Tumour induced by SS-P cells. There are cells reacting Fibroblastic cells with actin-like microfilaments are
strongly toa-SMA (arrowhead$. Immunohistochemistry, count-regarded as myofibroblasts [11, 23, 24]. The filaments
erstained with haematoxylin, x430 are immunoreactive fax-SMA [3, 4, 11, 23]. Myofibro-
Fig. 10 Tumour induced by SS-P cells. Some cells in the arbdasts have ultrastructural features intermediate between
showing an interlacing fascicle arrangement give a positive tiose of fibroblasts and smooth muscles [6, 23, 24]. By
action to desmin gfrowhead$. Immunohistochemistry, counter-qjactron microscopy, cells with intermediate filaments
stained with heamatoxylin, x40 . . . T ; '

_ pinocytic vesicles and interrupted basal lamina, some of

e T e o i cing osee wreneinich were characterisic of smooth muscles [10, 36,
Pnent. The cell has many diffusgly distributed r%icrofilameats (g(ﬁqd cells with filamentous bundl_es running parallel to
row), plasmalemmal pinocytosisrall arrowheadsand interrupt-  the cell membrane were found in SS tumours and tu-
ed basal laminddrge arrowheady x16,000: mours induced by SS-P and SS-A3-1 cells. These fine
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structures have also been reported in myofibroblastitown to induce reactive macrophages in tumour tissues
cells in fibrosarcomas and myofibrosarcomas [10, 127, 30, 35]. There were many infiltrating macrophages
33, 42]. The myofibrosarcomas reported in humans @metumours produced by inoculating rat glioma cells, a
composed of a uniform cell population of neoplastazll line producing much MCP-1 [35]. MCP-1 produc-
myofibroblastic cells [10, 42]. tion should be investigated to clarify the significance of
It is well known that cytoskeletal features change ED1-positive cells in SS tumours and in SS-P- and SS-
the development of myofibroblasts from stromal fibréA3-1-induced tumours, and the relationship between the
blasts [23]. The spectrum is divided into the followingD1-positive cells and “true histiocytes” also remains to
four main phenotypes: expressing of vimentin (V cellf)e investigated. However, positive reactions of SS-P and
co-expressing vimentin and desmin (VD cells), co-e$S-A3-1 cells to ED1 at least indicate that rat neoplastic
pressing vimentin andi-SMA (VA cells) and co-ex- fibroblasts might express histiocytic immunophenotypes.
pressing vimentin, desmin and-SMA (VAD cells). Our observations on a rat fibrosarcoma-derived trans-
Such phenotypic modulations have been well establishpantable tumour line (SS) and cell lines (SS-P and SS-
in fibroblastic cells appearing in skin wound healing, hy3-1) raised the possibility that fibrosarcoma cells may
pertrophic scars, superficial fiboromatosis and sclerodbave various phenotypes, such as histiocytic cells and
mal lesions [6, 23, 34]. In the present study, all neoplasyofibroblastic cells with divergent cytoskeletal pro-
tic cells were positive for vimentin (V cellsi-SMA- teins.
positive cells (VA cells) were often seen in SS tumours Phenotypic modulation of fibroblasts into myofibro-
and tumours induced by SS-P and SS-A3-1 cells; sohtasts in fibrotic lesions has been thought to be induced
cells showed a positive reaction for desmin (VD or VABy cell growth factors, particularly the transforming
cells). These observations indicate that neoplastic ratgiewth factorf and platelet-derived growth factor pro-
broblasts could also alter cytoskeletal proteins under dificed by infiltrating macrophages [14, 19, 23, 25, 28,
ferent conditions. 32]. In vitro observations have also demonstrated that
ED1 antibody recognizes cytoplasmic antigens bésides these cytokines, heparin and its nonanticoagulant
cells in rat monocyte/macrophage lineage [1] and hderivatives influence the expressionwfSMA in fibro-
been widely used for identification of macrophages/hislasts [4, 23]. A cell line derived from a mouse glioblas-
tiocytes in experimentally induced rat liver, heart aridma expressed multiple phenotypes, depending on con-
kidney lesions [14, 19, 28, 40]. It is interesting to notitioned media containing different growth factors [5].
that many cells of SS-P and SS-A3-1 gave a positive kicroenvironmental conditions in vitro or in vivo devel-
action to ED1, indicating expression of histiocytic imeped by cell-to-cell and cell-to-matrix interactions might
munophenotype. Electron microscopy revealed that cedfect cellular modulation [4, 23, 41].
of SS-P and SS-A3-1 had histiocytic fine structures in- Cell metaplasia and histological modulation in tu-
cluding many lysosomes and cell surface folds, and theurs have been considered to be secondary to genetic
presence of lysosomal enzymes (ACP and NSE) wdmanges [2, 22, 29, 31]. Different oncogenes, suchsas
confirmed by the enzymatic staining. Positive staining ahdmyg may induce tumours with different histological
CD13 and CD68, both of which are specific markers ftgatures when transfected into the same cell line derived
human monocytes/macrophages, has recently beenfm@m keratinocytes or melanocytes [21, 22]. Activated
ported on human malignant fibrous histiocytoma (MFHs oncogene-transfected 3T3 murine mesenchymal stem
and fibrosarcoma cell lines [27]. ED1-positive reactior®lls, of which the original cell lines have a predilection
have been also found in cultured cells derived from fat undergoing adipocyte differentiation, lost the ability
MFH and malignant meningioma [30, 41]. These pht& differentiate to adipocytes and instead differentiated
nomena were interpreted as a phenotypic modulatioto macrophage-like cells [31]. Recently, we reported
probably attributable to culture conditions. In addition, that cisplatin (an anticancer drug)-resistant cells induced
was reported that murine fibroblast-like cells grown iinom rat MFH cell lines showed diverse differentiations
the presence of human serum underwent differentiatguch as myofibroblasts, osteoblasts and lipoblasts when
toward macrophages with many lysosomes in the cyieculated into syngeneic rats [41], and it was also dem-
plasm [16]. onstrated that actinomycin D, an anticancer drug, could
A number of cells in the high-cellularity areas of S®duce cell differentiation in human rhabdomyosarcoma-
tumours and tumours induced by SS-P and SS-A3-1 celdsived cell lines [17]: these anticancer drugs might give
gave a positive reaction for ED1, ACP and NSE. Thise to genetic alterations in neoplastic cells.
positive cells in SS tumours were probably due to pheno-In an attempt to investigate possible factors leading to
typic modulation by serial implants, and those in SStRe phenotypic alterations, we added T@BF0 pug/ml)
and SS-A3-1 tumours might be derived from cells ete the culture medium of SS-A3-1. However, the num-
pressing histiocytic antigen/enzymes in vitro. Howevdrers of a-SMA-positive cells were not increased (data
we could not exclude the possibility that host-derivett shown). Furthermore, we failed to demonstrate
macrophages might be intermingled in the tumour tiswltipotential differentiation of cisplatin-resistant cell
sues; the non-neoplastic, infiltrating macrophages midimes induced from SS-P when they were inoculated into
be induced from monocyte chemoattractant proteirsgngeneic rats (data not shown). Factors provoking phe-
(MCP-1) produced by neoplastic cells. MCP-1 is watlotypic modulations in SS tumour cells and cultured SS-
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P and SS-A3-1 cells remain to elucidated. Our cell ling® Nakahama M, Takanashi R, Yamazaki I, Machinami R (1989)
(SS, SS-P and SS-A3-1) may be useful in investigation
of the mechanisms involved in expressions of myofibrog
blastic and histiocytic phenotypes in fibrosarcoma cells.™
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