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PREFACE 

Malignant fibrous histiocytoma (MFH), also 

called previously malignant fibrous xanthoma or 

fibroxanthosarcoma, was first described as a new 

entity of soft-tissue tumor in humans by O'Brien 

and Stout in 1964. Since then MFH has been reported 

to be the most common neoplasm of the soft- tissue 

in the elderly (Enjoji ~ . • 1980; Stiller and 

Katenkamp, 1981). MFH in humans arises mainly in 

the limbs, especially in the leg and thigh, and 

occasional cases have been found in the lungs 

(Tanino ~ .• 1985), gastrointestinal tract 

(Sa take and Matsuyama, 1988; Shibuya ~· , 1985), 

uterus (Takaki~ .• 1983), bone (Stiller and 

Katenkamp, 1983) and nasal cavity (Tanaka, T. ~ .• 

1982). On the contrary, spontaneous MFH in animals 

has rarely been detected in cats (Garma-Avina, 1987; 

Gleiser ~ .• 1979; Renlund and Pritzker, 1984), 

dogs (Gleiser ~ .• 1979), pig (Tanimoto~·· 

1988), primates (Gleiser and Carey, 1983; Skavlen 

~ .• 1988), fox (Fujimaki ~ .• 1985), rabbit 

(Yamamoto and Fuj ishiro, 1989) and rats (Greaves 

~ .• 1982; Maekawa ~ .• 1983; Solleveld ~ .• 

1984; Ward ~·, 1981). However, soft-tissue 



tumors resembling human MFH have been experimentally 

induced in rats by agents such as 4-(hydroxyamino) 

quinoline 1 - oxide (Konishi~ .. 1982; Maruyama 

~·, 1983), nickel sulphide (Shibata ~., 1989), 

9, 10-dime thyl-1, 2 - benzanthracene (Ka to ~·, 1990), 

and m iII i pore f i I ters (Greaves ~· , 1985). 

MFH consists mainly of fibroblastic and histiocytic 

cells in various proportions and is often mixed with 

pleomorphic giant cells, xanthoma cells, and varying 

amounts of inflammatory cells. MFH is different 

histologically from other soft-tissue tumors such 

as liposarcoma, leiomyosarcoma, rhabdomyosarcoma, 

osteosarcoma, and fibrosarcoma in that MFH is 

characterized by neoplastic cells positive for 

lysosomal enzymes such as acid phosphatase and 

nonspecific esterase, often arranging in a storiform 

pattern. But MFH reveals a great variety of histologic 

appearances. Human MFH has been divided into the 

storiform, pleomorphic, myxoid, giant cell, and 

xanthogranulomatous (infla mmatory) types (Enjoj i 

~ .. 1980; Stiller and Katenkamp, 1981) . The 

storiform type consists of spindle cells arranged in 

a short fascicle or storiform pattern. The spindle 

cells are well differentiated and resemble fibroblasts. 
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Histiocytic cells are occasionally mixed with the 

spindle cells, and the stroma of this type contains 

a large amount of collagenic fibers encircling th e 

spindle cells. Tumors consisting of spindle - shaped 

fibroblastic cells and greater numbers of rounded 

histiocytic cells arranged haphazardly without any 

particular growth patterns are referred to as the 

pleomorphic type. Cellular pleomorphism is usually 

more prominent in this type. Because a transition 

from storiform areas to pleomorphic areas has frequently 

been observed in MFH, some investigators have classified 

such tumors as the pleomorphic - storiform type, which 

is the most common variant of human MFH (Enjoj i ~., 

1980). The myxoid type is characterized by loosely 

arranged fibroblastic and histiocytic cells supported 

by . alcian blue-positive myxomatous matrix. Although 

myxoid areas have occasionally been observed in the 

storiform and pleomorphic types, tumors, in which more 

than one-half of their cut-surface is occupied by 

myxoid areas, have been classified as this form. 

The giant cell type, also termed malignant giant 

cell tumor of soft part, is a tumor composed of a 

mixture of histiocytic cells, fibroblastic cells, 

and pleomorphic, multinucleated giant cells. The 
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hallmark of this type is an appearance of many giant 

cells. Although these giant cells resemble osteoclasts, 

it has been considered that they develop by fusion or 

amitotic division of histiocytic mononuclear cells. 

The inflammatory type consists of sheets of histiocytic 

cells and inflammatory cells supported by a stroma 

including a small amount of collagenic fibers. The 

majority of histiocytic cells appear xanthomatous 

because they contain lipid droplets in their cytoplasm. 

Occasional cases of this type develop granulation 

tissues consisting of xanthomatous cells and varying 

numbers of inflammatory cells, giving an appearance 

of xanthogranuloma. Besides aforementioned five 

variants, the angiomatoid form of MFH has recently 

been described in very young persons (Kay, 1985). 

This type is rare and less aggressive, and characterized 

by sheets of histiocytic cells intimately associated 

with blood-filled cystic spaces, intense inflammation, 

and extensive fibrosis, accompanied with multiple 

hemorrhages in the tumor tissues. The majority of 

spontaneous MFH hitherto reported in animals have 

been diagnosed as the storiform or pleomorphic type, 

except one feline case that was described as the 

giant cell type (Garma-Avina, 1987). 



The cellular origin of MFH remains undetermined, 

although histiocyte, fibroblast or undifferentiated 

cell has been proposed as a possible progenitor cell 

of MFH. Histochemical studies confirmed that neoplastic 

cells forming MFH reacted positively to lysosomal 

enzymes of histiocytes (Enjoj i ~ .• 1980; Greaves 

~ .• 1985; Nakanishi and Hizawa, 1984). In tissue 

culture studies, cells cultivated from human MFH were 

demonstrated to show functional and immunocytochemical 

characteristics of histiocytes (Inoue~ .• 1984; 

Iwasaki~·· 1982; Shirasuna ~ .• 1985). Tumors 

resembling human MFH have been experimentally produced 

in mice by transplanting mouse bone marrow macrophages 

or peritoneal macrophages transformed with SV 40 

(Hagari and Yumoto, 1987; Yumoto and Morimoto, 1980). 

Thus it has been considered that MFH may be derived 

from histiocytes, and that neoplastic histiocytes may 

be able to behave as facultative fibroblasts under 

appropriate conditions. Moreover, proliferating cells 

of human MFH have been found to react with monoclonal 

antibodies against determinants expressed on monocyte ­

macrophages, suggesting that MPH is a tumor of the 

mononuclear phagocyte system (Strauchen and Dimitriu ­

Bona, 1986). On the other hand, the storiform type 



of MFH is characterized by frequent appearances of 

fibroblastic cells and a considerab l e amount of 

collagenic fibers. A human MFH-derived cell line 

has been reported to possess features of fibroblasts 

(Roholl ~-· 1986). Krawisz ~- (1981) observed 

that mouse fibroblast - l ike cells differentiated into 

macrophages whe n cultivating them in a medium containing 

human serum. Fibroblasts have been known to be able 

to transform into histiocytes (Krawisk ~-· 1981). 

Therefore, fibroblasts could be regarded as a possible 

progenitor cel l of MFH. Ultrastructurally, primitive 

mesenchymal cells with poorly developed cytoplasmic 

organelles have occasionally been found in MFH, 

suggesting that both the histiocytic a nd fibroblastic 

cells constituting MFH may be derived from a common 

undifferentiated stem cell (Greaves~-, 1985; 

Maruyama ~-, 1983; Roholl ~-, 1985ab). 

It has recently been reported that xenografts of 

human MFH in nude mice expressed leio myogenic or 

schwannian differentiation (Roholl ~-· 1988), 

and that histologic phenotypes reminisce n t of 

osteosarcoma, l eio myosarcoma, schwa nnoma, and 

liposarcoma were mixed in parts of human MFH 

(Brooks, 1986). These observations suggest that 



MFH may be derived from a pluripotential mesenchymal 

cell. He nce it appears that the histogenesis of 

MFH is still controversial. 

The present author established a transplantable 

tumor line from a spontaneous rat MFH in syngeneic 

rats. This line was designated MFH - MT. In an 

attempt to clarify the histogenesis of MFH, MFH - MT 

and in vitro passaged cells derived from MFH - MT were 

scrutinized in a series of studi e s. As a result, 

MFH-MT provided useful information on the histogenesis 

of MFH. 

The first chapter describes morphologic 

characteristics of the original tumor and MFH-MT 

which was transplanted into syngeneic rats or 

heterotransplanted into nude mice. The second 

chapter mentions morphologic and functional 

characteristics of in vitro passaged cells (MT - P) 

derived from MFH - MT. In Chapter 3, glycosaminoglycans 

produced by neoplastic cells constituting MFH-MT 

were identified by histochemical slainings and 

cellulose acetate electrophoresis. In the fourth 

chapter, an antitumor drug (~ - Diamminedichloro ­

platinum)-se l ected cell line (MT - RlO) was induced 

from MT-P, and its characteristics were investigated 



in comparison with those of MT - P. To further clarify 

the properties of neoplastic cells constituting MFH, 

four cloned cell lines were established from MT-P. 

Characteristics of these c l oned cell lines are described 

in the fifth chapter. 



CHAPTER 1 

MORPHOLOGIC CHARACTERISTICS OF A TRANSPLANTABLE 

TUMOR LINE (MFH-MT) DERIVED FROM A SPONTANEOUS RAT 

MALIGNANT FIBROUS HISTIOCYTOMA 



INTRODUCTION 

Malignant fibrous histiocytoma (MFH) is a sarcoma 

consisting of two main cells, fibroblastic and histiocytic 

cells, supported by collagenous or myxoid matrix and 

often arranged in a storiform pattern . Besides these 

cells, pleomorphic giant cells, xanthoma cells, and 

varying numbers of inflammatory cells are frequently 

mixed in MFH. Thus it has been well known that MFH 

shows highly variable histologic patterns (Enjoji ~·, 

1980; Stiller and Katenkamp, 1981). Based on the 

predominant cell types and the amount of intercellular 

material, human MFH has been classified into the 

storiform, pleomorphic, myxoid, xanthogranulomatous 

(inflammatory), and giant cell types (Enjoji ~·· 

19 80) . 

Spontaneously occurring MFH has been detected 

in subcutaneous tissues of F344 rats used in life - span 

studies or in carcinogenicity tests as controls, ranging 

in incidence from 0 . 2 to 2. 7% (Mae k a w a ~· , 19 8 3; 

Solleveld ~ .• 1984). In contrast to human MFH, 

no detailed descriptions have been given to these 

tumors. The present author succeeded in transplantation 

of a spontaneous MFH detected in a male F344 rat. 



The transplantable tumor, designated MFH - MT, had been 

serially passaged up to .the 45th generation in syngeneic 

rats. In this chapter, the original tu mor and MFH - MT, 

which had been transplanted into syngeneic rats or 

heterotransplanted into nude mice, were morphologically 

examined. Furthermore, susceptibility of MFH - MT to 

antitumor drugs was investigated. These observation s 

confirmed a wide range of histologic appearances of 

MFH - MT, as described in human MFH. 

1 1 



MATERIALS AND METHODS 

Animals and Environment: Specific-pathogen - free male 

and female F344/DuCrj (F344) rats, which had been 

purchased from Charles River Japan, Inc. or produced 

in the author's laboratory, were used throughout 

the experiments. For heterotransplantation, athymic 

nude mice of 3 strains, BALB/c-nu/nu sic (Shizuoka 

Agricultural Cooperation Association), BALB/cA-Jcl ­

nu/nu (Clea Japan Inc.), and Crj:CD - 1 (lCR) - nu/nu 

(Charles River Japan, Inc.), were used. The animals 

were maintaind in barrier rooms conditioned to a 

temperature of 23±2 ·c and a relative humidity of 

50 ± 20%, and with a 12-hr light - dark cycle. A 

standard commercial laboratory diet for rats and 

mice (CRF - 1: Charles River Japan, Inc.) and tap 

water were available ad libitum. 

Serial Transplantation in Syngeneic Rats and 

Heterotransplantation in Athymic Nude Mice: 

Tumor masses were minced into small pieces, < 2 mm 

in diameter, with scissors and then transplanted 

subcutaneously at the midline of the interscapular 

region through a trocar with a diameter of 2 mm. 



The major (a) and minor (b) axes of tumors developing 

in subcutaneous tissue were measured once weekly with 

calipers and expressed by millimeter, and tumor volume 

was estimated by the following formula: a x b 2 I 2. 

The tumors were serially transplanted using 

two to four male and female F344 rats, 10 to 25 

weeks of age, in each generation. The passage was 

repeated every 5 to 6 weeks after transplantation 

when tumor reached size of >5 em in diameter. 

The growth curve of tumors in syngeneic rats was 

determined using ten 6-week - old male F344 rats, 

which were transplanted subcutaneously with a piece 

of tumor tissue from the 9th generation. Six of 

them were killed 6 weeks after transplantation, 

and the remainder were observed until death. 

A histologic comparison was made between 

tumors transplanted at different sites of rat's body, 

since MFH has generally been known to be composed 

of different cell types and of variable histologic 

patterns depending on different portions of the tumors 

examined. Tumor tissues at the 4th and 11th passage 

levels were minced and trypsinized to disperse cells. 

After being washed in phosphate-buffered saline (PBS), 

0.1 to 0.5 ml of a cell suspension containing 10 5 to 



107 cells / ml were inoculated subcutaneously in the 

back and head, intraperitoneally, intradermally at 

the root of the tail, or intravenously. 

Tumor growths in heterotransplantation were 

observed for 5 weeks in 5 male and 5 female nude 

mice for each of the 3 strains. These mice were 

transplanted subcutaneously with a piece of tumor 

tissue from the 21st generation at the age of 5 

weeks. 

Susceptibility of MFH - MT to Antitumor Drugs: 

Adriamycin (ADR) obtained from Kyowa Hakko Kogyo Co., 

Ltd. (Tokyo, Japan) and ~ - Diamminedichloroplatinum 

(COOP) from Nippon Kayaku Co., Ltd. (Tokyo, Japan) 

were used as antitumor drugs. Experiments were 

performed on eighteen 6- we e k- old male rats which 

had been transplanted subcutaneously with a piece 

of tumor tissue from the lOth generation. The 

animals were allotted to 3 groups of 6 each; two 

groups were treated with th e drugs and one group 

received distilled water via peritoneal route and 

served as controls. The antitumor drugs were 

injected intraperitoneally at dosage levels of 

4 mg/kg for ADR and 5 mg/kg for COOP, equivalent 



to 1/4 and 2/3 of the 50% lethal doses by peritoneal 

route, respectively. The drugs were first injected 

on the following day after transplantation and 

thereafter, once weekly for 5 weeks. 

Light Microscopy: Necropsies were performed on all 

the animals which were killed under anesthesia or 

found dead during the experiments. After being 

weighed, tumor tissues were fixed in 10% neutral 

buffered forma l in. They were embedded in paraffin, 

sectioned, and stained with hematoxylin and eosin 

(HE). Selected sections were also stained with 

periodic acid-Schiff (PAS) with and without diastase 

digestion, Watanabe's silver impregnation for reticulin, 

azan - Mallory, alcian blue (pH 2.5) and by the von 

Kassa's method. Frozen sections from the formal in ­

fixed tissues were stained wit h Sudan ill and oil 

red 0. 

For enzyme histochemistry, fresh specimens were 

fixed in 4% formal calcium for 12 hr at 4 ·c, and 

stored in Holt's hypertonic gum sucrose solution for 

12 to 24 hr. The tissues were frozen, and sections 

were cut at 10 Jlm thick and staind by the Gomori's 

method for acid phosphatase (ACP) (pH 5 . 0), by the 



alpha - naphthyl acetate method for nonspecific esterase 

(NSE) (pH 7.4), and by the naphthol AS method for 

alkaline phosphatase (ALP) (pH 9.0). 

Paraffin-embedded sections were immunohisto ­

chemically stained by the peroxidase-antiperoxidase 

(PAP) technique using a commercial kit (Cambridge 

Research Laboratory (CRL) Universal Immunoperoxidase 

Staining Kit, CRL, MA). Rabbit antisera to alpha -

1 antitrypsin (CRL), S-100 protein (CRL), factor 

VI - related antigen (CRL), myoglobin (CRL), lysozyme 

(CRL), keratin (CRL), and desmin (Miles Laboratory, 

Naperville, IL) were used as primary antibodies. 

Normal rabbit sera were used as negative controls. 

Electron Microscopy: Small blocks of tumor tissues 

were fixed in 2.5% buffered glutaraldehyde for 2 hr 

and postfixed with 1% buffered osmium tetroxide in 

0.2 M cacodylate buffer for 1 hr. The blocks were 

embedded in epoxy resin and sectioned. Thin sections 

were stained with uranyl acetate and lead citrate, 

and examined in a JEM - 100B electron microscope at 

80 kV. 



RESULTS 

Original Tumor: The original tumor arose from 

subcutaneous tissue of the head of a 15 - month - old 

male F344 rat, which was under the observation 

of a life-span study. When discovered, the tumor 

was a solid nodule, one em in diameter. During 

the subsequent 2 months, it grew to a size of 4 em 

in diameter accompanying by a bloody surface. 

The animal lost body-weight from 494 g to 443 g 

and became depressed. Therefore, the animal was 

subjected to a complete necropsy at the age of 17 

months. The tumor was a non e ncapsulated, firm mass 

weighing 25 g, and partially invaded the surrounding 

tissues, but no metastases were found. The cut 

surface of the tumor was white in color and was 

multilobular with a fascicular structure (Fig. 1). 

Microscopically, the tumor was high cellularity 

and contained irregularly defined areas of necrosis 

and hemorrhage. Densely populated areas were 

composed of a mixture of fibroblastic and histiocytic 

cells arranged in a storiform or cartwheel pattern 

(Fig. 2). Histiocytic cells had the abundant, 

eosinophilic cytoplas m and their nuclei appeared 
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dark and oval or round in shape. All cells were 

surrounded by reticulin fibers demonstrable by the 

Watanabe's silver impregnation. A moderate amount 

of collagenic fibers was present throughout tumor 

tissue. Sparsely populated areas were composed of 

cells containing Sudan ill - and oil red 0-positive 

lipid droplets, and diastase-resistant PAS-positive 

material in their cytoplasm as well as fibroblastic 

and histiocytic cells. Bizarre giant cells were 

rarely found. Mitotic figures were frequent. 

Judging from these findings, the original tumor 

was diagnosed as the storiform type of MFU . 

Serial Transplantation of MFH - MT in Syngeneic Rats: 

In the 1st and 2nd passages, one half of the recipients 

developed MFH, whereas transplantability reached 

100% positive from the 3rd passage onwards. There 

were no noticeable differences between tumor growths 

in different passage levels, except the 1st passage 

in which the tumor grew into a nodule of 2 em in 

diameter 12 weeks after transplantation. The 

growth curve of tumors determined in the 9th 

generation is shown in Text - Fig. 1. A piece of 

tumor tissue developed into a nodule of 6 em in 



diameter, weighing 101 g on the average, 6 weeks 

after transplantation (Fig. 3). Recipients bearing 

large tumors died 8 to 9 weeks after transplantation, 

s howing depression and emaciation. The weights of 

tumors removed from dead animals ranged from 244 

to 320 g, and tumor:body-weight ratio was 65% on 

the average. Some nodules which evolved during 

the serial passages had cysts varying in size, 

containing transparent, sticky fluid. No metastatic 

lesions were found. The serially transplanted 

tumors were histologically indistinguishable from 

the original tumor. 

Two predominant cell types, fibroblast - like 

cells and histiocyte - like cells, were also observed 

by electron microscopy. The former was characterized 

by the spindle-shaped, e longated cytoplasm, rich in 

dilated rough-surfaced endoplasmic reticulum and 

an elongated nucleus with prominent nucleoli. This 

type of cells was distributed in close association 

with bundles of collagenic fibers (Fig. 4). The 

latter had the abundant cytoplasm with many surface 

folds and indented or horseshoe -s haped nuclei. The 

cytoplasm contained lysosomes, well - developed Golgi 

apparatus, and rough-surfaced endoplasmic reticulum 



(Fig. 5). 

Neoplastic cells gave faintly to moderately 

positive reactions for ACP (Fig. 6), NSE, alpha - 1 

anti trypsin (Fig. 7) and lysozyme, and strongly 

positive reaction for ALP (Fig. 8). Positive 

reactions for S- 100 protein, myoglobin, desmin, 

keratin, and factor VI - related antigen were not 

demonstrable in proliferating tumor cells, although 

the endothelial cells and peripheral nerves included 

in tumor tissues were positive for factor VIII - related 

antigen and S- 100 protein, respectively. 

Histologic Diversity of MFH - MT Transplanted in 

Different Sites: Lung tumors, which developed 

12 months after intravenous inoculation, and 

cutaneous tumors, which developed at the root of 

the tail 8 months after intradermal inoculation, 

were composed of a mixture of the pleomorphic, 

myxoid, giant cell, and storiform types. The 

pleomorphic type consisted of pleomorphic round 

cells and occasional giant cells. The myxoid 

type was composed of loosely arranged round, 

polygonal cells, and giant cells (Fig. 9), with 

intercellular material strongly positive for 
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alcian blue. Cells constituting the giant cell 

type had a large, lobulated nucleus with dense 

chromatin (Fig. 10). Osteosarcoma - like structures 

consisting of osteoblasts, osteoids, and calcifying 

areas were found in parts of the cutaneous tumor 

developed in the tail (Fig. 11). In the lung 

tumors, there were areas composed of elongated 

cells arranged in an interlocking pattern (Fig. 12) 

or round cells arranged in a compact sheet, and 

sclerosing hemangioma - like structures (Fig. 13). 

Occasional elongated cells gave a positive reaction 

for S-100 protein (Fig. 14). 

Tumors, which developed in the subcutaneous 

tissue of the head and back 3 months after subcutaneous 

inoculation, and tumors, which developed in the 

parietal peritoneum and mesentery 3 months after 

intraperitoneal inoculation, possessed histologic 

characteristics of the storiform type similar to 

those of the original tumor. 

Transplantation of MFH-MT into Athymic Nude Mice: 

Tumor grew in all nude mice of the 3 strains after 

subcutaneous transplantation with tumor tissues. 

No significant differences were observed in tumor 



growth between both sexes and between the strains 

examined (Text-Fig. 2). At the end of the observation 

period of 5 weeks, tumors developed into nodules 

ranging in diameter from 1 to 3 em, and in weight 

from 1 to 3 g (Fig. 15). All the tumors were 

well-circumscribed and had a watery appearance 

(Fig. 16), and there was neither infi 1 trative 

growth nor metastasis. They were composed mostly 

of pleomorphic cells, and gave a strongly positive 

reaction for alpha-1 antitrypsin (Fig. 17). The 

tumors were classified as the pleomorphic type of 

MFH. 

Effects of Antitumor Drugs on MFH-MT: As shown 

in Text-Fig. 3, both CDDP and ADR caused a sig n ificant 

retardation of tumor development from 2 weeks 

after transplantation (P< 0.05, determined by the 

student's l test). The inhibitory effect appeared 

to be greater in the CDDP- treated group than in 

the ADR- treated group. At the end of the observation 

period of 5 weeks, tumor weights in the control, 

CDDP, and ADR groups were 31. 2, 1. 2, and 7. 0 g, 

respectively. Tumors in rats which were treated 

with the antitumor drugs were composed predominantly 
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of fibroblast - like cells and plenty of collagenic 

fibers (Fig. 18). On the other hand, histiocyte ­

like cells appeared to decrease in number. 
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DISCUSSION 

The original rat MFH and its serially transplanted 

tumors in syngeneic rats described here were composed 

mainly of fibroblastic and histiocytic cells arranged 

in a storiform pattern. These tumors were similar 

morphologically to human MFH, particularly the storiform 

type (Enj oj i ~·, 1980). The MFH induced in rats 

by administration of 4-(hydroxyamino)quinoline 1- oxide 

has been classified into the fibrous, giant cell, 

and myxoid types (Maruyama ~·, 1983). The cell 

population in the experimental MFH consisted of 

following three major cell types: fibroblast - like 

cells, histiocyte - like cells, and undifferentiated 

cells possibly representing primitive mesenchymal 

cells (Maruyama~., 1983). The predominant cell 

types in MFH - MT were fibroblastic and histiocytic 

cells, whereas no undifferentiated cells could be 

identified by both light and electron microscopy, 

Iwasaki ~· (1987) have thrown a doubt on the 

presence of undifferentiated cells in MFII, because 

these cells were indistinguishable from immature 

lymphoid cells scattering in the tumors. In MFH-MT, 

lipid - laden cells (xanthomatous cells) were often 



seen in areas containing sparsely populated neoplastic 

cells as observed in human MFH, whereas giant cells 

were not so common as in human MFil (Enjoj i ~-, 

1980). It has been suggested that xanthoma cells, 

giant cells, and cells possessing diastase-resistant 

PAS-positive material in their cytoplasm may originate 

from histiocytic cells (Maruyama~- .1983; Nakanishi 

and Hizawa, 1984). 

In enzyme/immunohistochemical examinations 

of MFH-MT, neoplastic cells gave faintly to moderately 

positive reactions for ACP, NSE, alpha-1 antitrypsin, 

and lysozyme, suggesting that the neoplastic cells 

may be of histiocytic origin. Positive reactivities 

to these stainings have frequently been demonstrated 

in human MFH, although the degree of reactions varied 

from case to case; the storiform type was shown to 

have a weaker reactivity than did the other types 

Onoue ~-, 1984; Nakanishi and llizawa, 1984; 

Rohal!~-· 1985a). Among these enzymes, alpha-

1 antitrypsin has been reported to be the most reliable 

and useful marker for neoplastic cells forming MFil 

(Du Boulay, 1985; Roholl ~- , 1985a). A strongly 

positive reaction for ALP was observed in cells of 

MFil-MT . Neoplastic cells constituting osteosarcomas 



(Yoshida~-, 1988) and MFII (Rohol I ~-, 1986) 

were positive for ALP. Since osteosarcoma-like 

lesions have occasionally been found in experimentally 

induced rat MFH (Greaves~., 1985) as seen in 

MFII - MT developed at the tail - root, cells with 

osteogenic potential may be comprised in MFH. 

It has generally been accepted that MFH 

has a great histologic variability (Enjoji ~., 

1980; Stiller and Katenkamp, 1981). Particularly, 

MFH - MT transplanted in the lungs and tail revealed 

a vari e ty of histologic features. There were the 

storiform, pleomorphic, giant cell, and myxoid types 

as well as sclerosing hemangioma - and osteosarcoma ­

like structures . Areas consisting of elongated 

cells positive for S- 100 protein were also observed. 

These findings seemed to support the hypothesis that 

MFH may originate from pluripotential mesenchymal 

stem cells (Brooks, 1986). 

MFII-MT grew we! I in a thymic nude mice of 

three strains. The tumors developed in these mice 

appeared to consist mostly of pleomorphic eel Is, 

which showed more strongly positive reaction for 

alpha - ] antitrypsin than did MFII - MT with a storiform 

pattern, suggesting a possible modification of 



property in neoplastic cells. Similar results have 

been obtained by Shirasuna ~. (1985) in nude 

mice inoculated with cloned cells es tab! ished from 

human MFH. On the other hand, xenografts in nude 

mice of two cell lines derived from human MFH retain e d 

histologic features of the original tumor (Roholl 

~·· 1986). 

AOR and COOP have been demonstrated to have a 

broad range of anti tumor activity against human and 

animal tumors (Oi Marco~., 1969; Kociba ~· , 

1970) . The development of MFH - MT was significantly 

retarded by both AOR and COOP. It is interesting 

to note that MFII - MT, which had been treated with 

the drugs, was composed almost entirely of fibroblast ­

like cells and abundant collagenic fibers, whereas 

histiocyte-like cells were markedly decreased in 

number. These observations produce further evidence 

to show that MFII is heterogeneous a nd co mposed of 

cell types with different susceptibilities to 

anti tumor drugs. 



SUMMARY 

Spontaneously occurring MFH was found in 

subcutaneous tissue of the head of a 15-month-old 

male F344 rat. The tumor was serially transplanted 

into syngeneic rats up to the 45th generation, and 

the transplantable tumor was designated MFH-MT . 

Light and electron microscopic observations revealed 

that the original MFH and MFH-MT were composed of 

an admixture of fibroblastic and histiocytic cells 

arranged in a storiform pattern. Neoplastic cells 

gave positive reactions for acid phosphatase, alkaline 

phosphatase, nonspecific esterase, alpha-1 antitrypsin, 

and lysozyme. The tumors transplanted into the lungs 

and cutaneous tissue of the tail had a mixed histologic 

appearance of the storiform, pleomorphic, myxoid, and 

giant cell types. Moreover, sclerosing hemangioma - and 

osteosarcoma-like structures were also found. MFII- MT 

grew well in athymic nude mice showing neoplastic 

proliferation of pleomorphic cells strongly positive 

for alpha-1 antitrypsin. The development of MFH-MT 

was significantly retarded by the two antitumor drugs 

tested. The retarded tumors consisted predominantly 

of fibroblastic cells and abundant collagenic fibers. 
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CHAPTER 2 

CHARACTERISTICS OF IN VITRO PASSAGED CELLS DERIVED 

FROM A TRANSPLANTABLE RAT MALIGNANT 

FIBROUS HISTIOCYTOMA (MFH-MT) 

3 2 



INTRODUCTION 

Cell lines established from human malignant 

fibrous histiocytoma (MFH) by Iwasaki ~- (1982) 

and Shirasuna ~- (1985) had fine structural 

characteristics of histiocytes and showed histiocytic 

functional markers. On the contrary, Roholl ~­

(1986) cultivated two cell lines each from a human 

MFH. The culture of the first tumor consisted of 

cells resembling primitive mesenchymal cells and that 

of the second tumor showed features of fibroblastic 

cells. These observations sugg est that a group of 

human MFH is heterogeneous. 

There have been no reports dealing with cultured 

cells from spontaneous rat MFH. In Chapter 1. the 

author described that a transplantable rat MFH (MFH-MT) 

showed various histologic appearances, in agreement 

with cases of human MFH. In an attempt to clarify the 

histogenesis of MFH - MT, characteristics of in vitro 

passaged cells (MT-P) derived from MFH-MT were pursued 

morphologically and functionally, and tumors induced in 

syngeneic rats by inoculating MT - P were histologically 

investigated. This chapter describes results obtained 

in these studies. 



MATERIALS AND METHODS 

Tissue Culture: Tumor tissues removed aseptically 

from MFH - MT at passage 24 were minced with scissors 

and dispersed with 0.2% trypsin in phosphate - buffered 

saline (PBS). The cells were washed twice in PBS 

and grown in culture flasks. The growth medium 

used was Dulbecco's minimum essential medium (MEM) 

(GIBCO, Grand Island, NY) supplemented with 10% 

fetal bovine serum (GIBCO), streptomycin (100 ,ug/ml) 

and penicillin (100 U/ml). The cultures were incubated 

at 37'C in a closed atmosphere or a humidified, 5% 

C0 2 atmosphere. Confluent cell sheets were treated 

with a mixture of 0.1% trypsin and 0.02% ethylene­

diaminetetraacetic acid in PBS, and cells were 

subcultured at 7- to 12 - day intervals. MT - P used 

in the following experiments were at passages 9 

to 24. 

Observations of MT-P: For light microscopic 

observations, MT-P grown on tissue culture chamber 

slides (LAB-TEK, Miles, IL) were fixed in Bouin's 

fluid or 4% formol calcium at 4 ·c for 1-2 hr. 

The fixed MT-P were stained with hematoxylin and 
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eosin (HE), periodic acid - Schiff (PAS) with and 

without diastase digestion, and oil-red 0. They 

were also stained by the Gomori's method for acid 

phosphatase (ACP) (pH 5.0), by the alpha-naphthyl 

acetate method for nonspecific esterase (NSE) (pH 7.4) , 

and by the naphthol AS method for alkaline phosphatase 

(ALP)(pH 9.0). For electron microscopy, cell pellets 

formed by centrifugation were fixed and embedded by 

the conventional method as described in Chapter 1. 

Sections were stained with uranyl acetate and lead 

citrate and examined in a JEM - 100B electron microscope 

at 80 kV. 

Assays for Immunorosette Formations: Rosette formation 

assays for Fe- and C3-receptors were carried out as 

described by previous workers (Iwasaki ~-, 1982; 

Tanaka, H. ~-, 1982 ; Yumoto and Morimoto, 1980). 

Anti-sheep red blood cell (SRBC) serum for 

the Fc-receptor assay was prepared by inoculating 

20 - week - old male F344 rats intraperitoneally with 

2 ml of a 20% SRBC suspension in PBS. The rats 

were bled after inoculating 7 times in the course 

of 4 weeks. Anti - SRBC serum for the C3-receptor 

assay was obtained from 20-week-old male F344 rats 
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3 days after intravenous inoculation with 2 ml 

of a 20% SRBC suspension in PBS. Both sera were 

inactivated by heating at 6o·c for 30 min. Normal 

serum collected from 20 - week - old male F344 rats 

was used as complement for the C3-receptor assay. 

SRBCs incubated with antiserum for the Fc-receptor 

assay or SRBCs incubated with both antiserum and 

normal serum for the C3 - receptor assay were mixed 

with 5 x 10 7 test cells suspending in MEM. After 

being incubated at 37·c for 20 to 30 min, the 

cells were stained with brilli ant cresyl blue. 

Positive rosettes were expressed as percentage 

of test cells with three or more adhering SRBCs 

to 400 test cells. 

Assays for Phagocyti c Activity: After being washed 

in MEM, cells grown on chamber slides for 24 hr 

were incubated with 0.3 ml of MEM containing 0.1% 

latex particles (0.78 11m Cosmo Bio. Co., Ltd.) or 

with 0.3 ml of 0.5% SRBC incubated with antiserum 

for the Fc - receptor assay in MEM for 60 and 120 min 

at 37t. Slide preparations wer e fixed in methanol 

and stained with May-Gr~nward Giemsa or HE. Positive 

cells for phagocytosis were expressed as percentage 
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of phagocytes to 400 cells examined with the microscop e . 

Chromosomal Analysis: Confluent cell sheets were 

exposed to colchicine in a concentration of 0.5 ~g/ml 

for 3 hr. After being suspended in a hypotonic 

solution, cells were fixed in a mixture of methanol 

3 : acetic acid and stained with Giemsa. Chromosomes 

in 100 cells were counted. 

Observations of Tumors Developed in Syngeneic Rats 

Inoculated with MT-P: One ml of 101 cells/ml PBS 

was inoculated subcutaneously or intraperitoneal ly 

into syngeneic rats, 10 - 25 weeks of age, The animals 

(F344/DuCrj rats) used were produced in the author's 

laboratory and maintained in a barrier room. Tumors 

removed from all the animals were weighed and fixed 

in 10% neutral buffered formalin. They were embedded 

in paraffin, sectioned, and stained with HE, PAS with 

and without diastase digestion, Watanabe's silver 

impregnation for reticulin, azan-Mallory and alcian 

blue (pH 2.5). Paraffin - embedded sections from tumors 

were also stained by the peroxidase-antiperoxidase 

technique using a commercial kit (Universal Immune ­

peroxidase Staining Kit, Cambridge Research Laboratory 



(CRL), MA). Rabbit antisera to a lpha -1 antitrypsin 

(CRL), S- 100 protein (CRL), factor it-related antigen 

(CRL), and myoglobin (CRL) were used as primary 

antibodies. Frozen sections from fresh specimens 

were also examined enzymehistochemical l y for ACP, 

NSE, and ALP by the methods described in Chapter 1. 
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RESULTS 

Characteristics of MT - P: Cells grown in glass culture 

flasks had variable morphologic features, such as 

spindle, polygonal, and giant cell types (Fig. 19). 

The polygonal cells were most predominant in MT-P, 

and they had the abundant cytoplasm and a large, 

round nucleus with some nucleoli. The spindle cells 

were elongated in shape and had an oval nucleus. 

The giant cells occasionally developed in areas of 

Jess cellularity and they had large, pale and often 

multilobulated nuclei with several prominent nucleoli. 

In densely populated areas, these cells became somewhat 

elongated and were arranged in a storiform pattern 

or formed foci. PAS - positive material digestible 

with diastase was often found in their cytoplasm. 

The cytoplasm of occasional cells contained globular 

fat droplets demonstrable with oil red 0 staining. 

Ultrastructurally, the polygonal and giant 

cells had indented nuclei with large distinct nucleoli 

and many cytoplasmic extensions. In their cytoplasm, 

there were many lysosomes, slightly dilated rough­

surfaced endoplasmic reticulum, moderate number 

of mitochondria, and phagosomes containing eel lular 



debris (Fig. 20). Glycogen granules apparently 

corresponding to PAS - positive material seen by 

light microscopy were also present in the cytoplasm. 

The spindle cells had the smooth cell surface, an 

elongated nucleus, and the c ytoplasm with a small 

number of !ysosomes. 

MT - P were moderately positive for ACP (Fig. 21) 

and NSE (Fig. 22), expressing coarse perinuclear 

cytoplasmic granules, and strongly positive for ALP. 

lmmunorosette Formation and Phagocytic Activity: 

The rosette formation by Fc - receptors was demonstrated 

in 20% of MT-P with anti - SRBC serum, whereas that by 

C3 - receptors was found in 11% of the cells. SRBCs, 

which were incubated with antiserum for the Fc - receptor 

assay, were phagocytized by 17% and 18% of MT - P after 

incubation at 37"C for 60 and 120 min, respectively. 

Latex particles treated by the same way were phagocytized 

by 10% and 12% of the cells after the sa me periods of 

incubation (Fig. 23). 

Chromosomal Analysis: Chromosomal analysis was 

carried out in cultured cells from passage 10. 

Chromosome numbers ranged widely from 32 to 100 
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with two peaks of 64 and 76 as shown in Text-Fig. 1. 

Characteristics of Tumors Induced in the Rats by 

Inoculating MT-P: All the rats, which were inoculated 

subcutaneously or intraperitoneally with MT-P, 

developed tumors. When inoculated intraperitoneally, 

a large number of nodules 0.5-1.5 em in diameter 

developed on the parietal peritoneum and mesentery 

of the rats 5 weeks after inoculation. Neither 

infiltrative growth to the visceral organs nor ascites 

was observed. In animals inoculated subcutaneously, 

tumors became palpable 2 weeks after inoculation. 

The tumors removed from recipients ranged in weight 

from 157 to 245 g and in diameter from 4 to 5 em 

eight to nine weeks after inoculation. They were 

well-circumscribed and firm masses with multilobular 

struct ur e . The cut surface of the tumors was white 

in colo r and had irregularly defined central areas 

of necrosis and hemorrha ge. Grayish ossifying 

tissues were sporadically detected in subcutaneous 

tumors. 

Microscopically, all the tumors had variable 

histologic patterns. They were composed partly of 

histiocytic cel ls arranged in a compact sheet (Fig. 24). 
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The cells were round, ovoid or often fusiform in shap e 

and had the abundant eosinophilic cytoplasm with an 

oval nucleus. Aggregations of histiocytic cells 

containing PAS - positive, diastase - digestible material 

in their cytoplasm were frequently seen (Fig. 25). 

Fibroblastic spindle cells often formed a storiform 

pattern (Fig. 26), and loosely arranged polygonal 

and elongated cells were supported by intercellular 

material positive for alcian blue (Fig. 27). All 

tumor cells were surrounded by reticulin fibers 

demonstrable by the Watanabe's silver impregnation. 

In sections stained by the azan - Mallory method, 

collagenic fibers were scanty in tumor tissues, 

except areas with a storiform pattern. Bizarre 

giant cells and mitotic figures were frequently 

found. Ossifying tissues were composed of osteoblasts, 

osteoid tissue, and calcifying areas, giving an 

appearance of osteosarcoma (Fig. 28). 

Neoplastic cells gave moderately positive 

reactions for ACP, NSE (Fig. 29), ALP (Fig. 30), 

and alpha-1 antitrypsin. Occasional cells were 

Positive for S-100 protein. Myoglobin and factor 

VI-related antigen were negative in tumor cells. 

4 2 



.... w
 

.... Q
) 

.0
 

E
 "' c 

• 
• 

.. 
. 

• 
• 

• 
• 

• 
• 

• 
• 

• 
• 

• 
• 

• 
• 

• 
• 

• 
• 

••
• 

• 
• 

• 
8 

:
. 

••
 

• 
: 

••
 : 

: 
: 

: 
• 

: 
: 

::
:.

: 
: 

: 
• 

• 
•• 

••
••

••
 

• 
• 

• 
••

• 
• 

••
••

• 
• 

• 
••

••
• 

• 
••

• 
• 

• 
• 

30
 

~0
 

so
 

60
 

70
 

llO
 

90
 

10
0 

Ch
ro

m
os

om
e 

nu
m

be
r 

T
ex

t-
F

ig
. 

1.
 

D
is

tr
ib

u
ti

o
n

 
o

f 
ch

ro
m

os
om

e 
nu

m
be

rs
 

in
 

10
0 

c
e
ll

s
 

o
f 

H
T-

P
. 



DISCUSSION 

It has been demonstrated that cells cultivated 

from human MFH had histiocytic markers such as 

immunorosette formation for Fe- and C3-receptors, 

phagocytic and lysosomal enzymatic activities (Iwasaki 

~·, 1982; Shirasuna ~., 1985). In MFH induced 

in mice by transplanting mouse peritoneal macrophages 

transformed by SV 40, neoplastic cells also expressed 

similar histiocytic markers (Hagari and Yumoto, 1987). 

It was considered, therefore, that MFH may be derived 

from a histiocytic series of cells, and that fibroblastic 

cells in the tumors may be interpreted as facultative 

fibroblasts (Hagari and Yumoto, 1987; Iwasaki~ .• 

1982; Strauchen and Dimitriu - Bona, 1986; Yumoto and 

Morimoto, 1980). In contrast, some investigators 

(Krawisz ~·, 1981; Tanaka, H. ~., 1982) have 

considered that fibroblasts may have the capacity 

to transform into histiocytes under certain conditions. 

It was recently concluded on the basis of phenotypic 

and ultrastructural characteristics of cell I ines 

derived from different human MFH that a group of 

MFU is heterogeneous and is probably derived from 

more than one progenitor cell (Roholl ~·, 1986). 
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In the present study, MT-P exhibited both 

immunorosette formation a nd phagocytic activity at 

frequencies of 10 -2 0% and showed moderately positive 

reactions to lysosomal enzymatic activities of ACP 

and NSE. Ultrastructurally, many lysosomes were 

observed in the cytoplasm of polygonal and giant 

cells. Moreover, tumors developed in the rats after 

ino c ulating MT-P contained neoplastic cells positive 

for ACP, NSE, and alpha - 1 anti trypsin. These enzymatic 

activities have frequently been demonstrated in human 

MFH and regarded as reliable markers for MFH (Inoue 

~., 1984; Nakanishi and Hizawa 1984; Roholl ~. , 

1985ab). Our results produce evidence indicating 

that cells with histiocytic markers are comprised 

in MFH-MT. 

Human MFH has variable histologic patterns 

(Enjoji ~., 1980; Stiller and Katenkamp, 1981), 

and has been classified into the storiform, pleomorphic, 

myxoid, xanthogranulomatous, and giant cel l types 

(Enj oj i ~., 1980). Tu mors induced in the rats 

by inoculating MT - P had variable morphologic patterns , 

such as the pleomorphic, stori form, and myxoid typ es . 

This suggests that heterogeneous cell types may be 

comprised in MFII-MT. The ce ll s with glycogen granules, 
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as demonstrated by the PAS method and electron 

microscopy, were frequently seen in the induced 

tumors, while such cells were rarely seen in the 

original tumors and serially passaged MFH-MT. 

These observations suggest that serial passages 

in cell cui ture may have brought on a change in 

predominant cell types. 

Osteosarcoma-like structure was sporadically 

observed in subcutaneous tumors induced in the rats 

and neoplastic cells gave a positive reaction for 

ALP. Neoplastic cells constituting human osteosarcoma 

have been reported to be positive for ALP (Yoshida 

~., 1988). Accordingly, MT - P may contain a 

precursor cell capable of differentiating into 

osteogenic cells. 
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SUMMARY 

Morphologic and functional characteristics 

on in vitro passaged cells (MT-P) derived from a 

transplantable rat malignant fibrous histiocytoma 

(MFH-MT) were pursued. There were the spindle, 

polygonal, and giant cell types in MT-P. Ultra ­

structurally, the polygonal and giant cells had 

the abundant cytoplasm with many lysosomes and 

processes, whereas the spindle cells possessed 

the smooth cell surface and a small number of 

lysosomes in their cytoplasm. lmmunorosette 

formation for Fe - and C3 - surface receptors and 

phagocytic activity were demonstrated in 10 - 20% 

of MT-P. MT-P were positive for acid phosphatase, 

nonspecific esterase, and alkaline phosphatase. 

Chromosomes counted in 100 MT-P ranged from 32 to 

100 with two peaks of 64 and 76. Tumors induced 

in syngeneic rats by inoculating MT-P showed 

variable histologic patterns. They were composed 

partly of histiocytic cells arranged in a compact 

sheet. Fibroblastic cells were often arranged in 

a storiform pattern or were supported by myxoid 

matrix. Osteosarcoma-like structures were 
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occasionally found in the tumors. These results 

suggest that MFH - MT is heterogeneous, although 

some cells constituting the tumors have histiocytic 

markers. 
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CHAPTER 3 

GLYCOSAMINOGLYCANS IN A TRANSPLANTABLE RAT 

MALIGNANT FIBROUS HISTIOCYTOMA (MFH - MT) 
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INTRODUCTION 

Malignant fibrous histiocytoma (MFH) in humans 

has highly variable histologic patterns and has been 

classified into the storiform, pleomorphic, myxoid, 

xanthogranulomatous, and giant cell types. The myxoid 

type was defined as an MFH in which more than one-half 

of its cut surface has a myxoid appearance (Enjoj i 

~-· 1980; Stiller and Katenkamp, 1981). Myxoid 

areas were often observed in a transplantable rat 

MFH (MFH-MT) established by the author and in tumors 

induced in syngeneic rats by inoculating in vitro 

passaged cells (MT-P) derived from MFH-MT. The 

histologic features of these tumors have been described 

in detail in Chapters 1 and 2. The myxoid areas were 

composed of sparsely populated spindle cells and 

polygonal cells supported by intercellular material 

stained positively with alcian blue and negatively 

by the periodic acid-Schiff reaction. It has been 

suggested that a stroma of myxoid areas contains 

glycosaminoglycans (GAG) (Hagari and Yumoto, 1987). 

GAG consist of hyaluronic acid (HA), chondroitin 

sulfate A (ChS-A), chondroitin sulfate B (dermatan 

sulfate, OS), chondroitin sulfate C (ChS-C), keratan 
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sulfate (KS) and heparin (HeP). In this Chapter, 

GAG in MFH - MT were identified by the histochemical 

stainings and cellulose acetate electrophoresis 

(CAE) . 
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MATERIALS AND METHODS 

Histochemical Stainings: Tumors examined histochemically 

were as follows: MFH - MT at passage 26 (MT - 26) which 

ha d been serially passaged in syngeneic rats by 

subcutaneous transplantation; tumors induced in the 

tail - root of syngeneic rats by intradermal transplantation 

of MFH - MT (MT-RT); tumors induced in subcutaneous 

tissue of CRJ:CD-1 (!CR) - nu/nu nude mice by subcutaneous 

transplantation of MFH - MT (MT - NU); and tumors induced 

in syngeneic rats by intraperitoneal inoculation with 

MT-P (MT - PT). Sections prepared from all thes e tumors 

contained myxoid areas as described in Chapt e rs 

and 2. Enzymes used in histochemical examinations 

were bovine testicular hyaluronidase (BH) (Sigma 

Chemical Co., St. Louis), streptomyces hyaluronidas e 

(SJ!) (Seikagaku Kogyo Co., Ltd), chondroi tinase ABC 

(C - ABC) (Sigma), and chondroi tinase AC (C - AC) (Sigma). 

Specificity of these enzymes for GAG degradation was 

as follows: BH for HA, OS, ChS-A, and ChS-C; Sll for 

HA; C-ABC for IIA, OS, ChS - A, and ChS-C; C- AC for 

ChS - A and ChS-C (Chiarugi ~-, 1978). 

BH was dissolved at 100 turbidity reducing 

units (TRU)/ml in 0.2 M acetate buffer, pll 5.6. 
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Sections were incubated with the BH solution at 37'C 

for 3 hr. SH was dissolved at 50 TRU/ml in 0.1 M 

phosphate buffer, pH 6.0. Sections were incubated 

with the SH solution at 60'C for 4 hr. C- ABC and 

C-AC were dissolved in a concentration of 1-2 unit/ml 

in 0.1 M tris-HCI buffer, pH 8.1 and pH 7.4, respectively. 

Sections were incubated with the C-ABC solution or 

C-AC solution at 37·c for 2 hr. After being incubated 

with the enzymes, sections were stained with alcian 

blue (pH 2.5) and nuclear fast red. Contro l sections 

were processed in each of the buffers without the 

enzymes under the same conditions and stained. 

~: Two samples of sticky cyst - fluid (C42 - 2 and 

C42-3) which were collected from MFH-MT at passage 

42 in syngeneic rats, and cui ture medium which was 

collected 5 and 13 days after seedi ng passage 24 of 

MT - P (TC-5 and TC-13) were analyzed by CAE as will 

be described below. Cui ture medium incubated for 

5 days in the absence of MT - P was analyzed in a 

like manner and served as the negative control 

(TC-C). Medium used for cell cui ture was Dulbecco' s 

minimum essential medium (GIBCO, Grand Island, NY) 
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supplemented with 10% fetal bovine serum (GIBCO), 

streptomycin (100 .u!:/ml) and penicillin (100 U/ml). 

Characteristics of MT-P have been described in 

Chapter 2. 

Extraction of GAG and electrophoresis were 

performed according to the methods described by 

Hagari and Yumoto (1987). Briefly, 4-5 ml of the 

samples was diluted with an equal volume of distilled 

water and centrifuged at 3,000 rpm for 5 min. Six 

ml of the supernatant was treated with acetone for 

30 min and then with ether for 30 min twice. The 

precipitate was treated with 0. 5 M NaOH for 20 hr 

at 4·c and neutralized with 1 N HCI. The solution 

was boiled for 30 min and then digested with protease 

(Sigma) for 24 hr at 50·c. Trichloroacetic acid 

(30% w/v) was added to the final concentration of 

10%. After being kept for hr at 4 ·c, the mixture 

was centrifuged at 8,000 x g for 15 min at O"C. 

The supernatant was dialyzed in a cellulose tube 

against distilled water for 48 hr. Thereafter the 

samples were powdered by freeze-drying for 24 hr. 

The extracted samples and standard GAG including 

IIA, OS, ChS-A, ChS-C, HeP, and KS (Sigma) were dissolved 

in distilled water at concentrations of 0.5-1 mg/ml. 
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For e l ec trophoresis 2 ~I of these solutions was 

appli ed at 1 em from the negative e l ectrode on a 

6 x 8 em cellulose acetate sheet which had been 

presoaked in 0.1 M pyridine - formic acid buffer, 

pH 3.0. The sheets were subjected to electrophoresis 

for 10 min at 180 V in the same buffer and subsequently 

stained with alcian blue (pll 2.5). The samples of 

C42 - 3, TC - 13, standard HA, and standard ChS - A were 

incubated twice in an SH solution (25 TRU/ml) for 

24 hr at 50"C and these samples were then subjected 

to CAE. 
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RESULTS 

MT-26, MT-RT, MT - NU, and MT-PT were similar 

histologically to each other in results of alcian 

blue stain combined with enzymatic degradation. 

GAG in tumor tissues were completely digested by BH, 

moderately by C-ABC and C-AC, and faintly by SH, 

compared with controls positive to the alcian blue 

stain (Figs. 31 and 32). These results demonstrated 

that the intercellular matrix of myxoid areas contained 

both HA and ChS. 

In CAE, the bands of C42 - 2. C42-3. TC-5. and 

TC-13 appeared to correspond to those of the standard 

HA, but did not correspond to those of the other 

standard GAG such as DS, ChS - A, ChS - C, HeP, and KS 

(Figs. 33 and 34). The band of TC - C did not appear 

on the sheet (Fig . 34). C42-3. TC - 13. and standard 

HA were degraded when treated with SU solution which 

digests only HA (Fig. 35). However, part of the band 

of C42-3 which slight l y migrated toward the positive 

electrode was not degraded, probably due to the 

difference in molecular size . The results of CAE 

suggested that cells constituting MFH-MT may secrete 

HA. 
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DISCUSSION 

The presence of HA has histologically been 

demonstrated in human MFH (Roholl ~., 1986) and 

in mouse MFH induced by intraperitoneal inoculation 

of peritoneal macrophages transformed by SV 40 

(Hagari and Yumoto, 1987). In these mice HA was 

also identified in their ascites by CAE (Hagari 

and Yumoto, 1987). There have been no reports 

on GAG in rat MFH. 

HA, which was synthesized at the inner side of 

the plasma membranes (Prehm, 1984), has been known to 

play an important role in the development of embryonal 

and primitive cells (Le Douarin, 1984; Singley and 

Solursh, 1981). HA has also been shown to be present 

in a variety of neoplastic tissues (Chiarugi ~·, 

1978; Chiu ~., 1984). Particularly, mesothelioma 

has been reported to secrete a considerable amount of 

HA, that was regarded as one of the diagnostic criteria 

for this tumor (Chiu ~., 1984; Wagner~., 1962) . 

Experimentally induced mesotheliomas in rats were 

considered to be derived from a multipotential cell 

capable of differentiating into both fibroblasts and 

epithelial cells (Brown~., 1985). In this study, 
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it was confirmed that HA was produced by neoplastic 

cells constituting MFH-MT, suggesting that neoplastic 

cells of MFH-MT might be at an embryonal and undifferen­

tiated stage, as mentioned by Roholl ~. 0986). 

Mammary tumors with cartilaginous tissue and osteoids 

of dogs contained both HA and ChS in their extracellular 

matrix (Palmer and Monlux, 1979). Both HA and ChS 

demonstrated in MFH-MT by the present histochemical 

examinations may be related to osteogenesis, since an 

osteosarcoma-like structure consisting of osteoblasts, 

osteoids, and calcifying tissue was sporadically found 

in MFH-MT as described in the first and second chapters. 

Recently , GAG have been studied in association 

with tumor malignancy such as invasiveness, adhesiveness, 

and metastasis (Angello~., 1982; Becker~ . , 

1986; Chiarugi ~., 1978; Vannucchi and Chiarugi, 

1976). Exogenous cell growth factor has been shown 

to exist in GAG produced by bone marrow stromal cells 

(Gordon~., 1987). These observations may explain 

the relationship between cell growth and GAG. 
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SUMMARY 

Glycosaminoglycans (GAG) in a transplantable 

rat malignant fibrous histiocytoma (MFH - MT) were 

identified by the histochemical stainings and cellulose 

acetate electrophoresis (CAE). GAG in tumor tissues 

of MFH - MT were completely digested by bovine testicular 

hyaluronidase, moderately by chondroitinase ABC and 

chondroitinase AC, and faintly by streptomyces 

hyaluronidase, compared with controls positive to 

the alcian blue stain . These r e sults demonstrated 

that the intercellular matrix of myxoid areas in 

MFH - MT contained both hyaluroni c a c id (HA) and 

chondroitin sulfate. In CAE, the bands of GAG, 

which had been isolated from cyst - fluid of MFH - MT 

and from culture medium of in vitro passaged cells 

(MT - P) derived from MFH - MT, corresponded to those 

of the standard HA. The results of CAE demonstrated 

that cells constituting MFII - MT secrete HA, suggesting 

that neoplastic cells of MFH - MT might be at an 

embryonal and undifferentiated sta ge . 



CHAPTER 4 

CHARACTERISTICS OF ~- DIAMMINEDICHLOROPLATINUM - SELECTED 

IN VITRO PASSAGED CELLS DERIVED FROM A TRANSPLANTABLE 

RAT MALIGNANT FIBROUS HISTIOCYTOMA (MFH - MT ) 



INTRODUCTION 

Malignant fibrous histiocytoma (MFH) consists 

predominantly of fibroblastic and histiocytic cells, 

and is often mixed with pleomorphic giant cells, 

xanthoma cells, and varying numbers of inflammatory 

cells (Enjoji ~., 1980; Konishi~., 1982; 

Stiller and Katenkamp, 1981). The precise mechanism 

of the histogenesis of MFH has not been fully elucidated, 

despite extensive studies by many workers. 

It was confirmed in Chapter 2 of this series of 

studies that in vitro passaged cells (MT-P) derived 

from a transplantable rat MFH (MFH - MT) comprised eel Is 

with histiocytic markers. However, tumors induced in 

syngeneic rats by inoculating MT - P showed histologic 

variability; osteosarcomatous lesions were sporadically 

obs e rved in the tumors, suggesting cells with osteogenic 

potential might be present in MFH-MT. The sensitivity 

test of MFH-MT to anti tumor drugs described in Chapter 

1 revealed that there were cell types having different 

susceptibilities to the antitumor drugs. In the present 

work, the author selected a cell line (MT-R10) from MT-P 

by using an antitumor drug, ili-Diamminedichloroplatinum 

(COOP) . In order to obtain further information on the 



histogenesis of MFH, characteristics of MT - RlO and 

tumors induced in rats by inoculating MT-RlO were 

investigated in comparison with those of MT - P. 

This chapter describes the results obtained in 

these studies. 



MATERIALS AND METHODS 

Derivation of COOP-Selected Cells: The preparation 

of MT -P from MFH - MT has be e n described in Chapter 2. 

The growth medium used was Dulbecco's minimum essential 

medium (MEM) (GIBCO, Grand Island, NY) supplemented 

with 10% fetal bovine serum (GlBCO), streptomycin 

( 100 pg/ml) and penicillin (100 U/ml). The antitumor 

agent used was COOP obtained from Nippon Kayaku Co., 

Ltd. (Tokyo, Japan). The techniques used for the 

induction of COOP-selected cells were based on those 

described previously (Kikuchi ~-· 1986). MT -P were 

initially cultivated twice in MEM containing 0.05 pg 

CDDP/ml. Subsequently, cells capable of proliferating 

in the presence of 0.05 pg CDDP/ml were serially passaged 

in MEM with COOP at increasing concentrations of 0. 1, 

0.2, 0.5, and 1.0 pg/ml. The cells in each concentration 

were passaged two or thre e times at 16 - to 20-day 

intervals. MEM containing COOP was changed every 

four days. The cells that were able to proliferate 

in the presence of the highe st concentration (1.0 ,ug/ml) 

of COOP were then passaged in COOP-free MEM and 

designated MT-R10. The cells grown in the presence 

of 0. 2 pg CDDP/m 1 (MT- R2) were also used for some 

ex peri men ts. 



Jn yjtro Observations of COOP-Selected Cells: 

Growth of MT-P and MT - R10 at passage 1 (MT - R10/1) 

and passage 10 (MT - R10/10) in COOP - free MEM was 

observed. One ml of 10 4 cells/ml MEM was seeded 

in each well of a 24-well multidish (24 well/flat 

bottom, Corning Glass Works, Corning, NY), and the 

cultures were incubated in a humidified atmosphere 

of5%C0zat 37"C. At l, 2, 3, 5, 7, and 9 days 

after seeding, cells in each well were harvested 

and counted using a hemocytometer. Triplicate 

cultures were counted and the cell viability was 

assessed by trypan blue dye exclusion. The 

doubling time was determined from cell numbers 

counted 3 and 5 days after seeding. 

The sensitivity to COOP of MT-P, MT -R 10/l, and 

MT -R 10/10 was determined as follows (Kikuchi~·· 

1986): 10 4 cells were seeded in each well of a 

24-well multidish; at 2 days postseeding, various 

concentrations of COOP were added to the medium. 

After additional 3 days of cultivation, viable 

cells in each well were counted in triplicate 

cultures. The mean percentages of viable cells 

at each concentration were calculated relative to 

viable cells grown in COOP - free MEM for 5 days. 
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MT-R2 and MT-R10 were examined by light and 

electron microscopy using the methods as described 

for MT-P in Chapter 2. 

]mmunorosette formations for Fe- and C3-receptors 

and phagocytosis of latex particles were assayed in 

MT-RlO at passage 8 by the conventional methods as 

described in Chapter 2 . Chromosomal analysis was 

performed in MT-R10 at passage 8, and chromosomes 

in 50 cells were counted as described in Chapter 2. 

~Observations of COOP-Selected Cells: 

One ml of 107 cells/ml phosphate - buffered saline 

of MT-R2, MT-R10/1 or MT-R10/10 was inoculated 

subcutaneously into syngeneic male F344 rats, 10-25 

weeks old. The diameters of all the tumors that 

subsequently developed in subcutaneous tissue were 

measured once weekly with calipers. Tumor masses 

induced by inoculating MT-R10/10 were minced into 

small pieces, < 2 mm in diameter, with scissors, and 

then transplanted subcutaneously at the interscapular 

region of syngeneic rats through a trocar with a 

diameter of 2 mm. The tumors were serially 

transplanted every 5 to 6 weeks. 

Tumors removed from a! I the animals were 
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weighed and fixed in 10% neutral buffered formalin. 

They were then embedded in paraffin, sectioned, and 

stained with hematoxylin and eosin (HE), periodic 

acid - Schiff (PAS) with and without diastase digestion, 

Watanabe's silver impregnation for reticulin, azan -

Mallory and alcian blue (pH 2.5). Paraffin-embedded 

sections were also stained by the peroxidase - antiperoxidase 

technique using commercial kits (Universal lmmunoperoxidase 

Staining Kit; Cambridge Research Laboratory (CRL), MA, 

or DAKO PAP Kit; DAKO Corp., Santa Barbara, CA). 

Rabbit antisera against alpha - 1 antitrypsin (CRL), 

S- 100 protein (CRL), lysozyme (CRL), keratin (CRL), 

factor 'It - related antigen (DAKO), and desmin (DAKO) 

we re used as primary antibodies. For the indirect 

immunoperoxidase method, paraffin - embedded sections 

were reacted with 100 - fold-diluted anti - rat monocytes/ 

macrophages monoclonal antibody (MAB1435, Chemicon 

International Inc., CA) and 400 - fold diluted peroxidase ­

conjugated affinipure goat anti - mouse IgG, rc fragment 

antibody (Jackson Immunoresearch Laboratories, Inc., 

PA) as secondary antibodies. In these immunoperoxidase 

stainings, diaminobenzidine tetrahydrochloride or 

3 - amino - 9 - ethylcarbazole was used as a substrate, 

and the sections were counterstained with hematoxylin. 



Frozen sections from fresh specimens were examined 

histochemically for acid phosphatase (ACP), nonspecific 

esterase (NSE), and alkaline phosphatase (ALP) by the 

methods as described in Chapter 1. 



RESULTS 

The growth curves of MT - P, MT - R10/1, and 

MT - R10/10 are shown in Text - Fig. 1. No significant 

difference was noted between the growth of MT-P and 

that of MT-R10/10. The doubling times of MT-P and 

MT - R10/10 were 25.5 and 22.3 hr, respectively. 

In contrast, the doubling time of MT - R10/1 was 

233.1 hr, showing remarkably slower growth. 

As shown in Text-Fig. 2, the cell proliferation 

of MT-P, MT-R10/1, and MT - R10/10 was dose-dependently 

suppressed at all the conc e ntrations of COOP examined. 

The COOP concentrations required for 50% suppression 

of MT - P, MT - R10/10, and MT - R10/1 proliferation were 

0.075, 0.15, and 1.15 ,ug / ml, respectively. 

Rosette formations for Fe - and C3 - receptors 

and phagocytosis of latex particles were observed 

in < 3% of MT-R10 cells. The chromosomal numbers 

in MT - R10 ranged from 46 to 105 with a peak of 88 

(Table 1) (Text-Fig. 3). 

MT-R10 cells had a round, abundant cytoplasm 

and an ovoid nucleus with one to several prominent 

nucleoli giving an epithelial appearance (Fig. 36). 

Th e cells were arranged in a compact sheet and 



piled up forming foci when confluent. PAS-positive, 

diastase-digestible material was occasionally found 

in their cytoplasm. Morphologic modulation was not 

observed in serially passaged MT-RlO. Ultrastructurally, 

MT-R10 cells appeared dark and had the slightly 

irregular cell surface and an ovoid nucleus with 

prominent nucleoli . Their cytoplasm contained 

numerous free ribosomes, some mitochondria with 

an electron-dense matrix, occasional aggregations 

of glycogen granules, and other poorly developed 

organelles (Fig . 37). 

MT-R2 showed a moderate reaction for ACP and NSE, 

as did MT-P, whereas MT-RlO gave faintly positive or 

negative reactions for these enzymes. MT-R2 and MT - R10 

were strongly reactive for ALP (Table 1). 

All of MT-R2, MT-R10/1, and MT-R10/10 were 

tumorigenic when inoculated subcutaneously into rats. 

The induced tumors became palpable three to five weeks 

after inoculation. They grew into nodules ranging in 

diameter from 2 to 4 em and weighing between 10 and 

60 g six to seven weeks after becoming evident by 

Palpation. There was no marked difference in tumor 

growth between the cel l 1 ines. Tumors induced by 

MT-R2 were hard, well-circumscribed and multilobulated 



with a fascicular structure, whereas those induced 

by MT-R10/1 and MT-R10/10 were grayish and fragile 

without a multilobular or fascicular structure. 

All of these tumors often contained ossifying areas 

in their center. 

Tumors induced by inoculation with MT-R2 were 

composed of fibroblastic and histiocytic cells arranged 

in a storiform pattern (Fig. 38). A moderate number 

of collagenic fibers staining blue by the azan - Mallory 

method were present among the neoplastic cells. Some 

areas of the tumors consisted of loosely arranged 

polygonal and round cells supported by myxoid material 

positive for alcian blue (Fig. 39). Neoplastic cells 

showed moderate reactions for NSE (Fig. 40) and ACP, 

and a strong reaction for ALP. 

The tumors induc e d by inoculation with MT - Rl0/1 

and MT-Rl0/10 closely resembled each other. They 

were composed predominantly of small, round, 

undifferentiated cells with the scanty cytoplasm 

and oval, hyperchromatic nuclei often arranged in a 

compact sheet (Fig. 41). They also showed organoid 

structures that were formed by neoplastic cells 

proliferating around vascular channels (Fig. 42) or 

trabecular structures consisting of thick cords of 



neoplastic cells (Fig. 43). Mitotic figures and 

necrotic foci were often seen in these tumors. 

There were no demonstrable collagenic fibers in 

the tumor tissues. Tumor cells often contained 

PAS-positive. diastase-digestible material, probably 

glycogen granules, in their cytoplasm. A small 

number of reticulin fibers existed among the 

neoplastic eel ls. 

Neoplastic cells in tumors induced by MT - R10 

showed no reaction for keratin, alpha - 1 anti trypsin, 

lysozyme, desmin, factor VII - related antigen or 

S- 100 protein. In contrast, neoplastic cells exhibited 

a strong reaction for ALP (Fig . 44). Macrophages 

infiltrating in the tumors gave positive reactions 

for ACP and NSE, and reacted with MAB1435. whereas 

neoplastic cells did not react positively with these 

stainings (Figs. 45 and 46). 

Ossifying areas were frequently found in all 

tumors induced by inoculating rats with MT · R2 and 

MT - R10. These areas were composed of mature osseous 

tissue containing osteoids and osteoblastic cells 

giving an appearance of osteosarcoma (Fig. 47). The 

osteoid tissue was eosinophi lie and stained blue by 

the azan-Mallory method. Multiple metastatic nodules 



were detected in the lungs of two out of four rats 

bearing tumors which had been induced by subcutaneous 

inoculation with MT-Rl0/10. The metastatic tumors 

were composed of round, undifferentiated cells with 

hyperchromatic nuclei, being occasionally mixed with 

osteoid tissue (Fig. 48) . The tumor induced by 

MT-Rl0/10 was serially passaged up to the lOth 

generation in syngeneic rats. The transplanted 

tumors retained the original histologic features 

in all the generations examined. 
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DISCUSSION 

COOP has a broad range of anti tumor activity in 

human and animal tumors (Kikuchi ~-, 1986; Kociba 

~., 1970; Kuppen ~-, 1988; Sorenson and Eastman, 

1988). COOP-resistant cell lines have been established 

from various types of human and animal tumors in order 

to study the mechanisms responsible for the induction 

of resistance to CDDP (Kikuchi ~-, 1986; Kuppen 

~-· 1988; Sorenson and Eastman, 1988). However, 

the details are still poorly understood. 

In the present study, MT - R10 cells capable 

of proliferating in the presence of 1.0 ,ug CDDP/ml 

were induced by continuous exposure of the parent 

cells, MT-P, to increasing CDDP concentrations. 

MT-R10 at passage 1 in CDDP - free medium (MT - R10/1) 

showed remarkably slow growth, whereas the same 

cell line regained almost the same growth ability 

as MT - P after 10 passages in COOP - free medium 

(MT-R10/10) (see Text-Fig. 1). Because DNA has 

been implicated as the critical target for COOP ­

induced cytotoxicity, and COOP causes cells to 

become blocked at the G 2 phase of the cell cycle 

(Kuppen ~-, 1988; Sorenson and Eastman, 1988), 
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MT - R10/1 might be in G 2 arrest. The 50% growth -

i n h i b i t i on ·con c en t r a t i o n o f CD D P w a s 15 . 3 t i me s 

higher for MT-R10/1 and 2 times higher for MT-R10/10 

than that for MT-P. Since MT - R10/10 was passaged 10 

times in CDDP-free medium and proliferated better 

than did MT-R10/1, the difference in resistance to 

COOP between the two cell I ines may be due to their 

relative growth ability. 

Monolayer cultures prepared from MT-R10 consisted 

of round, epi the! ial type cells arranged in a compact 

sheet, and the histiocytic characteristics observed in 

MT-P were no longer detectable in MT-R10 (see Table 1). 

The fine structure of MT - R10 cells was characterized 

by poorly developed cytoplasmic organelles, suggesting 

their undifferentiated and primitive nature. Moreover, 

the peak chromosomal number in MT-P differed from that 

in MT - R10. These observations suggest that MT - R10 may 

have been induced either by modification of MT - P or 

by selection from it as a result of the CDDP treatment. 

This remains to be clarified by further studies. 

The tumors induced in rats by inoculation with 

MT - R10 had histologic features markedly different 

from those of MFH and MFH - MT. They consisted of 

small, round, undifferentiated cells with the scanty 



cytoplasm and hyperchromatic nuclei. They showed 

an organoid or trabecular structure and neoplastic 

cells were often arranged in a compact sheet. Such 

structures have never been described in MFH. Although 

the storiform type of MFH is characterized by the 

presence of fibroblastic cells and collagenic fibers 

(Enjoji ~., 1980; Konishi~., 1982; Stiller 

and Katenkamp, 1981), no such collagenic fibers were 

demonstrable in the induced tumors. Histiocytic 

lysosomal markers such as ACP, NSE, lysozyme, and 

alpha - 1 antitrypsin as well as an antigenic marker 

demonstrable by MAB1435 were not detected in proliferating 

neoplastic cells. These histologic features were 

retained in serially transplanted tumors and in 

metastatic lesions in the lungs of syngeneic rats. 

Based on these findings, the tumors induced in rats 

by inoculation with MT - R10 seemed to be undifferentiated 

sarcoma. 

Ultrastructurally, histiocytic, fibroblastic, 

and undifferentiated cells have been recognized 

as three major components of hu man and animal MFII 

(Maruyama~., 1983; llolzhausen and Stiller, 1988). 

The origin of the three cell types in MFH is still 

controversial. Some workers (Roholl ~., 1986) 
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have suggested that a group of MFH is heterogeneous 

and probably derived from more than one progenitor 

cell. On the other hand, other workers (Konishi 

~., 1982; Holzhausen and Stiller, 1988; Genberg 

~., 1989) have advocated that both the histiocytic 

and fibroblastic cells constituting MFH may be derived 

from a common undifferentiated stem cell. More recently, 

it has been reported that histologic phenotypes 

reminiscent of leiomyosarcoma, osteosarcoma, schwannoma, 

and liposarcoma were mixed in parts of MFH (Brooks, 

1986), and that xenografts of human MFH in nude mice 

showed leiomyogenic or schwannian differentiation 

(Roholl ~-, 1988). In a study using monoclonal 

anti-human MFH antibodies, it was suggested that MFH 

and liposarcoma may have a common origin from perivascular 

mesenchymal cells, which may have potential for 

multidirectional differentiation (Iwasaki~., 1987). 

MT-R10 appeared to consist solely of undifferentiated 

cells. Nevertheless, rats inoculated with this cell 

line developed undifferentiated sarcoma rather than 

MFH. This property was retained during 10 serial 

transplantations in the syngeneic rats examined. It 

would therefore be interesting to see if undifferentiated 

MT - RlO displays an ability to transform into histiocytes 
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and/or fibroblasts by further in vitro passages. 

Osseous tissues were not involved in the 

original rat MFH, which arose from subc ut aneous 

tissue of the head, and no bone - formation was 

detected in the original MFH and MFH - MT, which 

was serially tran splanted subcuta neous ly in syngeneic 

rats up to the 45th generation (Chapter 1). It 

was noteworthy, therefore, that ossifying tissues 

were of ten found in tumors induced in rats by 

inoculation with MT - R10. The ossifying tissues 

have sporadically been observed in tumors developed 

at the tail-root or tumors induced by inoculating 

MT-P (Chapters 1 and 2). Histologically, the 

lesions appeared to be osteosarcomas consisting 

of a mixture of osteoblasts, osteoid tissue, and 

osseous tissue. Neoplastic cells constituting 

the lesions s ho wed strong staining for ALP, as 

observed previously in human osteosarcomas (Yoshida 

~., 1988). These findings suggest that MT - R10 

may have osteogenic potential. An undifferentiated 

mesenchymal cell has been sur mi sed to be the 

Progenitor cel l of osteosarcoma (Yoshida~., 

1988). Since osseous tissues have occasionally 

been observed in human and experimental rat MFH 
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(Brooks, 1986; Greaves ~-, 1985), MFII and 

osteosarcoma may be derived from a common precursor 

cell. The mechanisms by which undifferentiated 

cells with osteogenic potential were induced by 

continuous exposure of cultured rat MFH (MT-P) 

to COOP remain to be clarified. 



SUMMARY 

A ~-Oiamminedichloroplatinum (COOP) - selected 

cell line (MT-R10) was induced by continuous exposure 

of in vitro passaged cells (MT-P) established from 

a transplantable rat malignant fibrous histiocytoma 

(MFH-MT) to COOP. MT-R10, capable of proliferating 

in the presence of 1.0 ,ug COOP/ml, was passaged in 

CODP-free medium. The doubling time of MT-R10 at 

passage 10 (MT - Rl0/10) was almost the same as that 

of MT - P, being 22.3 and 25.5 hr, respectively. The 

concentration of CODP required for 50% inhibition 

of MT-R10/10 proliferation was twofold higher than 

that of MT - P. MT-RlO consisted of round, epithelial 

type ce II s arranged in a compact sheet. Ultrastructurally, 

MT-RlO cells had numerous free ribosomes, some 

mitochondria, and other poorly developed cytoplasmic 

organelles suggesting their undifferentiated nature. 

11T-R10 cells showed no reaction for acid phosphatase 

or nonspecific esterase. Tumors induced in syngeneic 

rats by inoculation with MT-R10 consisted of small, 

round, undifferentiated cells with the scanty cytoplasm. 

They showed organoid and trabecular patterns, and were 

often arranged in a compact sheet. The neoplastic 



cells showed no reaction for any of the histiocytic 

lysosomal and antigenic markers tested, but exhibited 

a strong reaction for alkaline phosphatase. Bone­

formation was often observed in the tumors. These 

observations suggest that COOP -se lected, undifferentiat ed 

cells may have osteogenic potential and may be one 

of th e progenitor cells of MFH - MT. 



CHAPTER 5 

CHARACTERISTICS OF CLONED CELL LINES ESTABLISHED 

FROM A TRANSPLANTABLE RAT MALIGNANT FIBROUS 

HISTIOCYTOMA (MFU - MT) 



INTRODUCTION 

Malignant fibrous histiocytoma (MFH) consists 

of histiocytic and fibroblastic cells in varying 

proportions and is frequent I y mixed with xanthoma 

cells, multinucleated giant cells, and various types 

of inflammatory cells, showing a broad spectrum of 

histologic patterns (Enjoji ~·· 1980; Stiller 

and Katenkamp, 1981). Based on enzyme/immunohistochemical 

and electron microscopic examinations, histiocytes 

(Hagari and Yumoto, 1987; 0' Brien and Stout, 1964; 

Strauchen and Dimi triu - Bona, 1986), fibroblasts 

(Krawisz ~·· 1981; Roholl ~·· 1986) or 

undifferentiated mesenchymal cells (Holzhausen and 

Stiller, 1988; Roholl ~ .• 1986; Stiller and 

Katenkamp, 1981) have been presumed to be possible 

progenitor cells of MFH. However, relationship 

between these cells is still unclear. 

In an attempt to clarify the histogenesis 

of MFH, neoplastic cell lines have been isolated 

from human MFII and examined in detai I. As a 

result, neoplastic histiocytes with a potential 

for multidirectional differentiation have been 

Proposed as the origin of MFII by Iwasaki ~· 
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(1982) and Shirasuna ~· (1985). On the other 

hand, Roholl ~· (1986) concluded that a group 

of MFH is heterogeneous and is probably derived 

from more than one progenitor cell. Iwasaki~· 

(!987), in a subsequent study using monoclonal 

anti - MFH antibodies, reported that MFH has an 

origin from the perivascular mesenchymal cells 

having capability to form various types of cells. 

In the foregoing chapters, the author demonstrated 

that a transplantable rat MFH (MFH-MT) established 

by him comprised cells having histiocytic markers 

and undifferentiated cells (MT - RlO) with osteogenic 

potential. However, relationship between these two 

cell types and mechanisms by which various histologic 

patterns are induced by inoculation in rats with 

these cells still remain unanswered. In the present 

work, four neoplastic clones were isolated from 

in vitro passaged parent cells (MT-P) derived from 

MFH - MT and were examined by light and electron 

microscopy as well as enzyme/immunocytochemistry. 

In addition, tumors induced in rats by inoculating 

the cloned cells were examined histologically. 

It was expected that such studies will shed some 

light on the histogenesis of MFII. This chapter 



describes the results obtained in these studies . 



MATERIALS AND METHODS 

Cell Cui ture: The derivation of MT-P from MFH-MT 

has been described in Chapter 2. MT-P at passage 

21 were cloned twice consecutively by a limiting 

d i I u t i on tech n i que as des c r i bed (I was a k i ~. , 

1987). Four cloned cell lines, MT-7, MT-8, HT - 9, 

and MT - 10, were established. Cloned cells were 

cultured in a humidified, 5% C02 atmosphere at 

37'C. The growth medium used was Dulbecco' s minimum 

essential medium (G!BCO, Grand Island, NY) supplemented 

with 10% fetal bovine serum (GIBCO), streptomycin 

( 100 ,ug/ml), and penicillin 000 U/ml). Confluent 

cell sheets were subcul lured by dispersing cells 

with a mixture of 0.1% trypsin and 0. 02% ethy!ene ­

diaminetetraacetic acid in phosphate - buffered 

saline at 7- to 10 - day intervals. 

Observations of Cloned Ce I Is: Growth of cloned 

c e I Is was observed at passage level 5 as described 

for ce II cuI lure of MT-R10 in Chapter 4. The 

doubling time was determined by the ce II numbers 

2 and 5 days after seeding. Ce II s grown on tissue 

culture chamber slides (LAB-TEK, Miles, IL) were 



fixed in Bouin's fluid or 4% formol calcium at 4·c 

for 1-2 hr. They were examined morphologically and 

enzymecytochemically by the methods described in 

Chapters 2 and 4. For the indirect immunoperoxidas e 

method, cells fixed in acetone were reacted with 

100-fold-diluted anti-rat monocytes/macrophages 

monoclonal antibody (MAB1435) (Chemicon International 

Inc., CA) and 400-fold-diluted peroxidase-conjugated 

affinipure goat anti-mouse IgG, Fe fragment antibody 

(Jackson Immunoresearch Laboratories, Inc., PA) as 

secondary antibodies. Immunorosette formations for 

Fe- and C3-receptors, and phagocytic activities to 

latex particles or sheep red blood cells (SRBC) were 

examined by the conventional methods as described 

in Chapter 2. 

For electron micros copy, cloned cells pelleted 

by centrifugation wer e processed and embedded in 

epoxy resin by the methods described in Chapter 2. 

Thin sections were stained with uranyl acetate and 

lead citrate and examined in a JEM - 1008 electron 

microscope at 80 kV. 

~Observa tions of Cloned Cells: One ml of a 

cell suspension containing 10 7 cloned cells at 



passage levels 1, 7, and 21 was inoculated subcutaneously 

into syngeneic male F344 rats, 10 - 25 weeks old. The 

diameters of all tumors developed in inoculated sites 

were measured once weekly with calipers. Tumors 

developed by inoculating cloned cells at in vitro 

passage 7 were minced into small pieces, < 2 mm in 

diameter, with scissors and transplanted subcutaneously 

at the interscapular region of syngeneic male rats 

through a trocar with a diameter of 2 mm. Thereafter 

tumors were serially transplanted in syngeneic male 

rats when their diameter reached > 3 em, about 5 

to 6 weeks after transplantation. 

Tumors removed from all the inoculated animals 

were weighed, processed, and examined morphologically 

and enzyme/immunohistochemically by the methods 

described for in vivo observations in the foregoing 

chapters. 



RESULTS 

Characteristics of jn vitro Passaged Cloned Cells: 

Text - Fig. 1 shows the growth curves of four cloned cell 

lines. The doubling times of MT - 7, MT-8, MT - 9, and 

MT - 10 were 42.8, 27.7, 51.0, and 58.8 hr, respectively, 

In monolayer cui tures of the cloned cells stained 

with HE, each clone appeared to be composed of only 

one type of cells. Predominant cells of MT - 7 were 

round or polygonal in shape with the abundant cytoplasm 

and a large round nucleus (Fig, 49). MT-8 consisted 

of e longated or spindle c e lls with a fusiform nucleus 

a rranged in a fascicular pa tt e rn (Fig, 50). In MT - 9 

large, round cells with a lobulated nucleus were 

predominant (Fig. 51). Cells of MT - 10 had th e abundant 

cytoplasm with a few elongated cell processes and 

appeared dendritic in shape (Fig. 52). Cells of all 

the clones often contained a PAS-positive, diastase 

digestible material or oil red 0-posi tive lipid 

droplets. Morphologic alterations were not observed 

during in vitro serial passages up to the 21st 

generation. 

Ultrastructurally, cells of MT - 7 and MT - 10 

resembled each other. They had the irregular surface 



with many surface folds and their nuclei were oval 

or horseshoe-shaped. There were many lysosomes, 

slightly dilated rough - surfaced endoplasmic reticulum 

(RER), prominent Golgi complex, and some mitochondria 

in their cytoplasm (Figs. 53 and 54). The cytoplasm 

of occasional cells contained glycoge n granules, 

lipid droplets, and phagosomes including cellular 

debris. MT-9 cells had many cytoplasmic extensions 

and indented nuclei. Their abundant cytoplasm 

possessed well-developed RER with dilated cisterna, 

prominent Golgi complex, many small lysosomes, and 

a moderate number of mitochondria (Fig. 55). Actin­

like microfilament bundles with partly filamentous 

condensations were observed in about one - third of 

MT-9 cells examined (Figs. 55 and 56). Glycogen 

granules and lipid droplets were occasionally seen. 

MT - 8 had the slightly irregular cell surface with 

some long cytoplasmic processes and a small oval 

nucleus. The cytoplasmic organelles were poorly 

developed, although there were numerous free ribosomes, 

a small number of lysosomes , some mitochondria, and 

glycogen granules (Figs . 57 and 58) . 

The results of e nzyme/immunocytochemical and 

functional examinations on cloned cells are shown in 



Table 1. MT-7, MT - 9, and MT - 10 reacted moderately 

or strongly for ACP (Pig. 59) and NSE. Positive 

reaction to MAB1435 in these clones appeared to 

correspond to the results for ACP and NSE (Fig. 60). 

In contrast, MT-8 reacted weakly to these stainings. 

MT-7, MT - 8, and MT-9 gave a positive reaction for 

ALP (Pig. 61), while MT - 10 did not. These staining 

properties were almost the same in all the passage 

levels examined . All the functional markers examined 

were small in percentage in all the cloned cell lines. 

No significant differences were observed in positive 

rates between the clones and between passage levels. 

The positive rates were 6 to 23% in rosette formation 

for the Pc-receptor (Pig. 62) and 2 to 7% in rosette 

formation for the C3-receptor. SRBC used for the 

Fc-receptor assay and latex particles were phagocytized 

by 3 to 19% and 3 to 8% after 60 min-incubation, 

respectively. 

Histology of Tumors Induced in Rats by Inoculating 

Cloned Cells: Cells of four cloned cell lines at 

Passage levels l, 7, and 21 were inoculated subcutaneously 

into syngeneic rats. All the cloned cell lines were 

tumorigenic. Tumors became palpable two to three weeks 



after inoculation and during following three to four 

weeks they developed into nodules ranging in diameter 

from 1.5 to 2.5 em and in weight from 10 to 25 g. All 

tumors were well-circumscribed, multilobulated, and 

grayish in color . The tumors induced by MT-9 were 

firm masses with a fascicular structure on the cut 

surface, whereas those induced by the remaining clones 

were soft masses with several small cysts containing 

myxomatous liquid. 

Tumors induced in syngeneic rats by four cloned 

cell lines were classified into four types according 

to the criteria of human MFH (Enj oj i ~-, 1980). 

The pleomorphic type was composed of round and 

pleomorphic cells, and a small amount of collagenic 

fibers (Fig. 63). These cells had the abundant 

cytoplasm and a pale nucleus with a prominent nucleolus. 

The myxoid type was composed of loosely arranged 

polygonal and round cells supported by alcian blue­

positive material (Fig. 64), and occasiona lly contained 

giant cells with bizarre nuclei and hyaline globules. 

The globules stained red with PAS and were diastase 

resistant (Fig. 65). In myxoid areas cells containing 

oil red 0-positive lipid droplets in their cytoplasm 

were frequent ly see n and appeared to be xanthomatous 



cells (Fig. 66). The storiform type consisted 

predominantly of round histiocytic cells and 

elongated fibroblastic cells often arranged in 

a storiform or cartwheel pattern (Fig . 67). This 

type had a considerable amount of collagenic 

fibers among neoplastic cells. Tumors consisting 

mainly of spindle or fusiform cells arranged in 

an interlocking pattern or a compact sheet and 

containing no demonstrable collagenic fibers were 

referred to as the spindle - cell type in this paper 

(Fig. 68) . In all the types neoplastic cells 

contained PAS - positive and diastase - digestible 

material, probably glycogen granules, and reticulin 

fibers demonstrable by the Watanabe's silver 

impregnation method were around neoplastic cells. 

All four cloned cell lines produced tumors 

with a similar histologic pattern irrespective of 

their passage level (Table 2). Tumors induced by 

MT-7 and MT-10 were composed of a mixture of the 

Pleomorphic, myxoid, and storiform types, and 

there was no distinct border between these types. 

Tumors induced by MT - 9 consisted uniformly of the 

storiform type. Rats inoculated with MT-8 developed 

spindle-cell type tumors. Some parts of these tumors 



contained the pleomorphic and myxoid types. 

Enzyme/immunohistochemically, neoplastic cells 

constituting the pleomorphic, myxoid, and storiform 

types gave moderately or strongly positive reactions 

for ACP and NSE and reacted to MAB1435 (Fig. 69). 

In co ntrast, the spindle - cell type did not react to 

these stainings (Fig. 70). Tumor s induced by MT - 7, 

MT-8, and MT-9 reacted strongly for ALP, while those 

induced by MT-10 gave a faint reaction for ALP (Table 2). 

Positive reactions for alpha - 1 antitrypsin, S-100 

protein, and lysozyme (Fig. 71) were sporadically 

observed in all induced tumors. On the other hand, 

no positive reactions were demonstrated for factor 

W- related antigen, keratin, and desmin in any of 

the tumors induced. 

To investigate possible histologic variations 

that may occur during serial transplantation of 

tumors, the tumors induced by cloned cells were 

seria lly transplanted in syngeneic rats up to th e 

5th generation. The transplanted tumors from MT-9 

retained histologic features of the storiform type 

throughout the generations exa mined . Transplants 

at the 2nd passage from MT - 7 and MT-10 consisted 

of a mixture of the pleomorphic, myxoid, and storiform 



types and bore a close resemblance to those of the 

1st passage. In subsequent transplantations, however, 

spindle-cell areas consisting of undifferentiated 

cells made an appearance. In serial transplantation 

of the tumor induced by MT - 8, the spindle - cell type 

became gradually predominant and it was accompanied 

with organoid structures in which small, round or 

fusiform cells with the scanty cytoplasm and 

hyperchromatic nuclei proliferated around vascular 

channels (Fig. 72). Neoplastic cells constituting 

storiform type-transplants from MT - 9 gave positive 

reactions for ACP and NSE, whereas those of spindle ­

cell type-transplants from MT-7, MT-8, and MT-10 

were negative for both enzymatic markers (Table 2). 

ALP was positive in transplants from all four 

cloned cell lines (Fig. 73) (Table 2). Osseous 

tissues consisting of osteoids, osteoblasts, and 

calcifying areas were sporadically observed in 

spindle-cell areas of transplants from MT - 8 and 

MT - 10 (Fig, 74). 



Table 1. Results of enzyme/i mmunocy tochemica l and functional 
examinations on cloned cells established from a transplantabl e 
rat malignant fibrous histiocytoma (M FH- MT) 

In vitro Staining Cytological function(%) 
passage 

Clone leve l ACP NSE ALP MAB EA EAC EA-P L-P 

1 - 4 3+ 3+ 3+ 2+ 7 2 5 8 
MT-7 12 3t 2+ 2+ NE NE NE NE NE 

16 - 18 3+ 2+ 2+ NE 6 2 13 5 

1 - 4 1+ 1+ 2+ 1+ 23 7 19 3 
MT-8 12 2+ 1+ 2+ NE NE NE NE NE 

16 - 18 1+ 1+ 2+ NE 10 2 11 7 

1 - 4 3+ 2+ 2+ 2+ 8 3 6 3 
MT-9 12 3t 2+ 3t NE NE NE NE NE 

16 - 18 3+ 3+ 2+ NE 7 4 3 6 

1 - 4 3t 2+ - 3+ 11 7 15 5 
MT-10 12 3t 3+ - NE NE NE NE NE 

16 - 18 3t 2+ - NE 21 3 5 6 

ACP:acid phosphatase, NSE:nonspecific esterase , ALP:alkaline 
phosphatase, MAB : anti -rat monocy tes/macrophages monoc I ona I 
antibody, EA:rosette formation for the Fc- receptor, EAC: 
rosette formation for the C3-receptor, EA-P:phagocytosis of 
SRBC used for the Fc-receptor assay , L- P:phagocytosis of 
latex particles. -:negative, 1t:faint, 2t:moderate, 3t: 
strong, NE:not exami ned. Percen tage of pos iti ve cells fo r 
functiona l markers was calcul ated by coun ting 400 ce ll s. 



Table 2. Enzyme/immunohistochemical findings of tumors 
induced in syngeneic rats by four c I oned ce II I i nes 

Staining x 

Clone Tumor type ACP NSE ALP MAB 

MT-7 TC-l.TC-7, TC-21; 
pleomorphic, myxoid and 
s tor iform types 3+ 

#3, #5; 
spindle-cell type 

MT-8 TC- l.TC-7,TC-21; 

MT -9 

spindle-cell type 
#3, #5; 

spindle-cell type 

TC-1. TC -7, TC -21; 
s tori form type 

#3, #5; 
s tori form type 

2+ 

3+ 

2+ 

2+ 

3+ 
·····-·········· ········· ····--·--------

MT-10 TC-1. TC-7, TC-21; 
pleomorphic, myxoid and 
stor i form types 2+ 2+ 

#3, #5; 
spind le-cell type 

3+ 2+ 

3t NE 
----------···· 

3t 

3t NE 

3+ 3+ 

3t NE 

1 + 2+ 

3+ NE 

x See footnotes of Tabl e 1. TC-1. TC-7 and TC-21 are 
tumors induced by cloned ce 11 s at 1. 7 and 21 passage 
levels, respective ly. #3 and #5 are serial transplantation 
numbers of tumors induced by cloned cells at in vitro 
passage level 7. ---
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Text-Fig. 1. Growth curves of four cloned cell 
lines, MT-7C e ), MT-8(X), 11T -9 ( .A. ) and MT - 10( . ), 
established from a transplantable rat malignant 
fibrous histio cy toma (MFH-MT). 



DISCUSSION 

In the present study the au thor es tab! ished 

four cloned neoplastic cell lines from a transplantable 

rat MPH (MPH-MT). The results obtained by examining 

the cloned cells and their transplants in syngeneic 

rats confirmed the diversity in cellular constituents 

of MPH. as described in human and animal MFH by many 

previous workers (Enjoj i ~-, 1980; Holzhausen 

and Stiller, 1988; Maruyama~-· 1983). 

Electron microscopy of cells from MT-7 and 

MT-10 revealed several features characteristic of 

histiocytes such as numerous cytoplasmic extensions, 

many lysosomes, and well - developed cytoplasmic 

organelles. The histiocytic nature of these cells 

was further supported by positive reactions for 

ACP and NSE and by a positive reaction with MAB1435. 

Cells of MT - 9 had similar ultrastructural and enzyme/ 

immunocytochemical features to those of MT-7 and 

MT-10, but they contained microfilaments and well -

developed dilated RER in their cytoplasm. Neoplastic 

cells forming human fibrosarcomas were characterized 

by smooth cytoplasmic membrane, elongated nuclei, 

and well - developed dilated RER, but lysosomes were 



not observed in their cytoplasm (Nakahama ~·, 

1989). Fibroblasts having intracytoplasmic actin -

like thin filaments were often observed in dermatogenic 

contracture and are known as myofibroblasts (Vande Berg 

~·· 1989). Fine structures of MT - 9 cells suggested 

that they may be intermediate forms between histiocytes 

and fibroblasts. Such cells have occasionally been 

detected in human and animal MFH (Holzhausen and 

Stiller, 1988; Kato ~·· 1990; Maruyama~ · · 

1983). Cells of MT - 8 stained faintly positive for 

ACP and NSE and with MAB1435. These cells had 

the rather smooth cytoplasmic membrane and poorly 

developed cytoplasmic organelles and were interpreted 

as undifferentiated mesenchymal ee l Is that have 

occasionally been seen in MFH (Holzhausen and 

Stiller, 1988; Maruyama~ .• 1983; Roholl ~ .• 

1986). The incidences of rosette formation and 

Phagocytic activities were low in all t he clones . 

This may be due to a lower differentiation stage of 

the cloned cells examined. 

Cloned cells established from human MFJI were 

Polygonal in shape and exh i bited histiocytic differentiation 

with positive reactions for lysosomal enzymes and 

high . . d 
•nc1 ences of functional markers (Iwasaki~·, 

1 0 3 



!982; Shirasuna ~·, 1985). Roholl ~· (1986) 

isolated two eel 1 I ines each from a human MFH. In vitro 

neoplastic cells from the first MFH ultrastructurally 

resembled primitive mesenchymal cells and those from 

the second MFH resembled fibroblastic cells. The two 

lines did not exhibit immunorosetting and phagocytosis. 

These observations suggested heterogeneity of an MFH 

group. 

All the clones were tumorigenic when inoculated 

subcutaneously into syngeneic rats and induced MFH 

with various histologic patterns. Tumors induced by 

MT-7 and MT-10 eel Is having a histiocytic appearance 

were of the pleomorphic, myxoid or storiform type. 

Cells of MT-9, a possible intermediate form between 

histiocyte and fibroblast, produced storiform type 

tumors containing a large amount of collagenic fibers, 

suggesting that the cells have capability to produce 

collagenic fibers during the tumor development. 

Fibrosarcomas are abundant in collagenic fibers. 

However, the histology of the storiform type differed 

from fibrosarcoma in that the latter consisted 

Predominantly of neoplastic fibroblasts negative 

for lysosomal markers arranged in a herring - bone 

Pattern (Nakahama ~., 1989). It has been 



reported that some histiocytic c e lls underwent 

morphologic alteration into fibroblastic cells 

during a long - term cultivation and that neoplastic 

histiocytes in MFH may be able to behave as 

facultative fibroblasts under appropriate conditions 

(Hagari and Yumoto, 1987; Iwasaki~., 1982; 

Kato ~., 1990; Shirasuna ~-, 1985; Strauchen 

and Dimitriu-Bona, 1986). 

Tumors induced by MT - 8 wer e of the spindle ­

cell type consisting of undifferentiated cells 

negative for lysosomal markers, and were accompanied 

with organoid structures. These findings were in 

agreement with those of MT - R10 described in Chapter 

4. These tumors appeared to be undifferentiated 

sarcomas. It is worth noting that transplants 

from MT-7 and MT - 10 developed spindle-cell areas 

consisting of cells negative for lysosomal markers, 

as observed in the tumors induced by MT-8. Maruyama 

~- (1983), in a study on rat MFH induced by 

4-(hydroxyamino)quinoline 1- oxide, described that 

the population of undifferentiated cells increased 

as serial transplantation in syngeneic rats progressed. 

These observations suggest that cells forming MFH 

may dedifferentiate into undifferentiated cells. 



Recent studies (Genberg ~., 1989; Greaves 

~·, 1985; Holzhausen and Stiller, 1988; Maruyama 

~·, 1983) seem to favor the hypothesis that 

the precursor of MFH is a primitive mesenchymal 

cell. Presumably, undifferentiated cells of MT - 8 

may be a precursor of cells with histiocytic nature 

capable of acting as facultative fibroblasts. 

Differences in morphology and reactivities to 

stainings for cytological markers between the 

clones may depend on different stages of cellular 

differentiation. However, it is still uncertain 

why inoculation of each clone having a homogeneous 

cell population into rats resulted in the development 

of an MFH with a pleomorphic pattern. This may 

be explained by assuming that each clone has capability 

to differentiate into various directions. 

Osseous tissue has occasionally been found 

in human and experimental rat MFH (Brooks, 1986; 

Greaves~ . . 1985). The similar lesions were 

observed in spindle-cell areas of transplants from 

MT - 8 and MT-10 and tumors induced by MT-RlO (Chapter 

4); the lesions were more frequently seen in tumors 

of MT-R!O than in those of MT - 8 and MT-10. I t has 

recently been reported in a study using mo noclonal 



anti-MFH antibodies that MFH and liposarcoma ha ve 

a common origin from the pe rivascular mesenchymal 

cells (Iwasaki ~., 1987). Moreover, xenograf ts 

of human MFH in nude mic e have been shown to express 

leiomyogenic or schwannian differentiation (Roholl 

~·· 1988). MFH may be originated from a plurip otent i al 

progenitor for mesenchymal differentiation (Brooks , 

1986). The cloned cell line s th e author establi s he d 

and transplantable MFH induced by the clones may 

provide useful experimental systems for studyin g 

the histogenesis and growth behavior of this tumor. 



SUMMARY 

Four cloned cell lines, MT-7, MT-8, MT-9, 

and MT-10. were established from a transplantable 

malignant fibrous histiocytoma (MFH-MT) of F344 

rats to investigate the histogenesis of the tumor. 

Cells of MT-7, MT-9, and MT-10 had fine structures 

characteristic of histiocytes such as numerous 

cell processes, many lysosomes, and well-developed 

cytoplasmic organelles. They stained positively 

for histiocytic lysosomal markers of acid phosphatase 

(ACP) and nonspecific esterase (NSE), and reacted 

with anti-rat monocytes/macrophages monoclonal 

anti body (MAB1435). In addition, MT-9 cells contained 

microfilaments and well - developed rough-surfaced 

endoplasmic reticulum in their cytoplasm, suggesting 

MT-9 cells may be facultative fibroblasts. MT-8 

cells stained weakly for ACP and NSE and with MAB1435 

and had scant cytoplasmic organelles. They were 

identified as undifferentiated mesenchymal cells. 

All the clones were tumorigenic when inoculated 

into syngeneic rats. The tumors induced by inoculating 

MT-7 or MT-10 consisted of a mixture of the pleomorphic, 

myxoid, and storiform types of MFII, and those by 



MT-9 were of the storiform type. Cells forming 

these tumors stained positively for ACP and NSE, 

and reacted with MAB1435. Tumors induced by MT - 8 

consisted of undifferentiated cells negative to 

these stainings. During serial transplantation 

in rats of these tumors, undifferentiated cells 

appeared in transplants from MT-7 and MT-10. 

Osseous tissues sporadically developed in areas 

consisting of undifferentiated cells. Based on 

these observations, the histogenesis of malignant 

fibrous histiocytomas is surmised to be related 

to various differentiation stages shifting from 

pluripotential undifferentiated cells to histiocytic 

cells capable of acting as facultative fibroblasts. 



CONCLUSIONS 

Malignant fibrous histiocytoma (MFH) is a 

sarcoma consisting predominantly of fibroblastic 

and histiocytic cells often arranged in a storiform 

pattern and shows a great histologic diversity. 

Human MFH has been classified into the storiform, 

pleomorphic, myxoid, xanthogranulomatous (inflammatory), 

and giant cell types. The histogenesis of MFH is 

still debatable, although histiocytes, fibroblasts 

or undifferentiated cells have been surmised to 

be possible progenitor cells. The author succeeded 

in the serial transplantation of a spontaneous rat 

MFH in syngeneic rats. In an attempt to clarify 

the histogenesis of MFH, the transplantable tumor 

line and cells cultivated from the tumor line were 

pathological ly scrutinized. The results thus obtained 

led the author to the following conclusions : 

1. A spontaneous MFH was found in subcutaneous tissue 

of the head of a 15-month-old male F344/DuCrj rat . 

The tumor was seria ll y transplanted in subcutaneous 

tissue of syngeneic rats up to the 45th generation. 

The transplantable tumor was designated MFH-MT. 
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2. The original tumor and MFH-MT were composed of a 

mixture of fibroblastic and histiocytic cells arranged 

in a storiform pattern and diagnosed as the storiform 

type. On the other hand, tumors developed in the 

lungs and cutaneous tissues of the tail-root of rats 

by transplantation and tumors heterotransplanted into 

athymic nude mice had a mixed histologic structure of 

the storiform, pleomorphic, myxoid, and giant cell 

types. Moreover, sclerosing hemangioma-like and 

osteosarcoma-like structures were observed. These 

observations revealed that MFH - MT has a wide range 

of histologic patterns, as have been reported in 

human MFH. 

3 . The growth of MFH-MT transplanted in rats was 

significantly retarded by two antitumor drugs, 

adriamycin and ~- Oiammin edichlorop latinum (CDDP). 

The retarded tumors consisted predominantly of 

fibroblastic cells and abundant collagenic fibers. 

This suggested that MFH - MT comprised cell types 

differing in susceptibility to the antitumor drugs 

tested. 

4. In vitro passaged cells (MT-P) derived from MFtl - MT 

1 1 1 



were examined morphologically and functionally. 

MT - P contained polygonal cells having numerous cell 

processes and many lysosomes in their cytoplasm, and 

the cells reacted positively for acid phosphatase 

(ACP), nonspecific esterase (NSE), and alkaline 

phosphatase. Immunorosette formations for Fe - and 

C3 - surface receptors and phagocytic activity were 

demonstrated in 10 - 20% of MT - P. Tumors induced in 

rats by inoculating MT - P showed variable histologic 

patterns. These observations suggest that MFH-MT is 

heterogeneous, and some cells constituting MFH - MT 

have histiocytic markers. 

5. Histochemical stainings in combination with 

various enzymes demonstrated that glycosaminoglycans 

(GAG) existing in myxoid areas of MFH-MT contained 

both chondroitin sulfate and hyaluronic acid (HA). 

In cellulose acetate electrophoresis, bands of GAG, 

which had been isolated from cyst-fluid of MFH - MT 

and from culture medium of MT-P, corresponded to 

those of the standard HA. These results suggest 

that neoplastic cells forming MFH-MT may be at an 

embryonal and undifferentiated stage. 



6. A COOP-selected cell line (MT-R10) capable of 

proliferating in the presence of 1.0 ~g COOP / ml 

was induced from MT - P. MT - R10 cells failed to 

reveal histiocytic markers, which were observed 

in MT - P, and ultrastructurally, MT - RlO cells had 

poorly developed cytoplasmic organelles suggesting 

their undifferentiated nature. Tumors induced in 

rats by inoculating MT - R10 showed organoid and 

trabecular structures formed by undifferentiated 

cells negative for lysosomal enzymatic markers, 

and osteosarcomatous l esions were frequently 

observed in the tumors. It is suggested from 

these findings that undifferentiated cells with 

osteogenic potential are comprised in MFH - MT. 

7. Four cloned cell lines, MT - 7, MT - 8, MT-9, and 

MT - 10, we re establis hed from MT - P and examined 

morphologically a nd e nzym e/ immun ocytochemically. 

MT-7 and MT - 8 reacted positively for ACP and NSE 

a nd with anti - rat monocytes/macrophages monoclonal 

antibody (MAB1435) and showed fine structures 

c haracteristic of histiocytes. Tumors induced in 

rats by inoculating both lines consisted of a 

mixture of the pleomorphic, myxoid, and storiform 



types, and in subsequent transplantations undifferentiated 

cells made an appearance, suggesting neoplastic 

cells may dedifferentiate into undifferentiated 

cells. MT -9 cells appeared to be an intermediate 

form between histiocytes and fibroblasts. Tumors 

induced by MT-9 had uniform histology of the storiform 

type including a large amount of collagenic fib e rs. 

MT-9 cells were regarded as facultative fibroblasts. 

MT-8 cells had scant cytoplasmic organelles, and 

tumors induced by MT-8 consisted of cells negative 

for histiocytic markers and were diagnosed as 

undifferentiated sarcomas. MT - 8 cells were interpreted 

as undifferentiated mesenchymal cells. 

8. On the basis of the results obtained in a series of 

studies, MPH was deemed to manifest diverse histologic 

patterns depending on different differential stages 

of neoplastic cells shifting from pluripotential 

undifferentiated cells to histiocytic cells capable 

of acting as facultative fibroblasts. MFH-MT seemed 

to be a useful experimental system for further studies 

on the histogenesis and growth behavior of MPH. 
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FIGURE LEGENDS 

Fig. 1. Original tumor developed in subcutaneous 

tissue of the head of a male F344 rat. The cut 

surface of the tumor shows fascicular structure 

and is bloody. Bar=0.5 em. 

Fig. 2. A portion of the original tumor consisting 

of spindle cells and round cells arranged in a 

storiform pattern. HE, x 180. 

Fig. 3. A transplantable tumor (MFH-MT) at the 

11th generation grown at subcutaneous transplantation 

site in a syngeneic rat. Bar=l em. 

Fig. 4. Electron micrograph showing fibroblastic 

cells in MFH-MT. The cells are spindle in shape 

and have dilated rough-surfaced endoplasmic reticulum 

and a moderate number of mitochondria in their 

cytoplasm. x 4,000. 

Fig. 5. Electron micrograph showing histiocytic 

cells (H) and a fibroblastic cell (F) in MFH - MT. 

The histiocytic cells have well - developed 



cytoplasmic organelles and a small number of 

lysosomes. x 4,000. 

Fig. 6. A moderate reaction for acid phosphatase 

expressing coarse intracytoplasmic granules in 

MFH - MT cells. Gomori's method, x 300. 

Fig. 7. Neoplastic cells in MFH - MT with a storiform 

pattern showing a faintly positive reaction for alpha -

1 antitrypsin (arrows) . PAP method, counterstained 

with hematoxylin, x 400. 

Fig. 8 . Tumor tissue of MFH-MT with a storiform 

pattern showing a positive reaction for alkaline 

phosphatase. Naphthol AS acetate method, x 250. 

Fig. 9. A portion of myxoid area of MFH - MT developed 

in cutaneous tissue of the tail-root of a rat. 

Polygonal and round cells are loosely arranged 

and supported by myxomatous matrix. HE, x 250. 

Fig. 10. MFH-MT transplanted in the lung of a rat 

showing an area containing many giant cells. 

HE, X 300. 



Fig. 11. A portion of osteosarcoma-like structure 

in MFH - MT transplanted in the tail-root of a rat. 

liE, X 200. 

Fig. 12. Part of MFH - MT transplanted in the lun g 

of a rat showing elongated cells arranged in an 

interlocking pattern. HE, x 280. 

Fig. 13. Part of MFH - MT transplanted in the lung 

of a rat showing sclerosing hemangioma-like 

structure. HE, x 120. 

Fig. 14. Elongated cells in MFH-MT transplanted 

in the lung of a rat showing a positive reaction 

for S-100 protein (arrow). 

with hematoxylin, x 350. 

PAP method, counterstained 

Fig. 15. MFH - MT heterotransplanted into a CRJ:CD - 1 

OCR) -nu/nu mouse. Bar =1 em. 

Fig. 16. The cut surface of MFH - MT heterotransplanted 

to a nude mouse showing a watery appearance. Bar =0.5 em. 

Fig. 17. Pleomorphic cell area of MFH-MT transplanted 



into a nude mouse. A strongly positive reaction for 

alpha - 1 antitrypsin representing coarse intracytoplasmic 

granules in neoplastic cells. 

with hematoxylin, x 300. 

PAP method, counterstained 

Fig. 18. MFH-MT transplanted to a rat treated with 

~-Diamminedichloroplatinum. The tumor consists of 

fibroblastic cells and abundant collagenic fibers. 

Histiocytic cells are not seen. HE, x 250. 

Fig. 19. Spindle, polygonal, and giant cell types 

seen in in vitro passaged cells (MT-P) derived from 

MFII-MT. HE, x 250. 

Fig. 20. Electron micrograph of MT-P showing polygonal 

(P) and spindle cells (S). Glycogen granules (asterisk) 

and a phagosome (arrow) are seen. x 2. 000. 

Fig. 21. MT-P showing a positive reaction for acid 

phosphatase recognizable as perinuclear granules. 

Gomori 's method, x 500. 

Fig. 22. MT-P showing a perinuclear positive reaction 

for nonspecific esterase. 

method, x 500. 

Alpha-naphthyl acetate 



Fig. 23. Latex particles phagocytized by MT - P. x 450. 

Fig. 24. Part of a tumor developed in a rat inoculated 

with MT - P consisting of round and fusiform histiocytic 

cells. HE, x 200. 

Fig. 25. PAS-positive, diastase - digestible material 

contained in histiocytic cells in a subcutaneous 

tumor of a rat induced by inoculating MT-P. PAS 

stain, x 250. 

Fig. 26. Part of a tumor developed in a rat inoculated 

with MT-P showing fibroblastic cells arranged in a 

storiform pattern. HE, x 200. 

Fig. 27. Part of a tumor developed in a rat inoculated 

with MT-P consisting of fibroblastic cells supported 

by myxomatous matrix. HE, x 200. 

Fig. 28. Ossifying tissue in a tumor developed in a 

rat inoculated with MT-P consisting of osteoblasls, 

osteoid tissue, and calcifying areas. HE, x 120. 

Fig. 29. A portion of a tumor developed in a rat 



inoculated with MT-P showing a moderate reaction 

for nonspecific esterase. Alpha - naphthyl acetate 

method, x 240. 

Fig. 30. Part of a tumor developed in a rat inoculat ed 

with MT - P showing a moderate r eac tion for alkaline 

phosphatase. Naphthol AS method, x 200. 

Fig. 31. Part of a myxoid area of MFH-MT developed 

at the tail - root of a rat. The matrix stains 

positively with alcian blue. Alcian blue (pll 2.5) 

and nuclear fast red, x 180. 

Fig. 32. Part of a myxoid area of the same MFH - MT 

as that shown in Fig. 31. Alcian blue-positiv e 

material has been completely digested by bovine 

hyaluronidase . Alcian blue (pH 2.5) and nuclear 

fast red after treating with bovine hyaluronidase, 

X 180 . 

Fig. 33. Cellulose acetate electrophoresis of 

glycosaminoglycans in cyst-fluid. S, start; 

(C42 -3 ) and 2 (C42 - 2) , samples of cyst-fluid from 

MFII - MT; 3, standard heparin (lleP); 4, standard 

1 2 8 



chondroitin sulfate C (ChS-C); 5, standard chondroitin 

sulfate B (derma tan sulfate: OS); 6, standard 

chondroitin sulfate A (ChS - A); 7, standard keratan 

sulfate (KS); 8, standard hyaluronic acid (HA). 

The bands of lanes 1 and 2 appear to correspond 

to that of l ane 8. 

Fig. 34. Cellulose acetate electrophoresis of 

glycosaminoglycans in culture medium. S, start; 

1. culture medium harvested 5 days a ft e r seeding 

of MT-P (TC - 5); 2, cui ture medium harvested 13 days 

after seeding of MT-P (TC - 13); 3, culture medium 

incubated for 5 days in the absence of MT - P (TC-C); 

4, HeP; 5, OS; 6, ChS-A; 7, KS; 8, HA. The bands 

of lanes 1 a nd 2 apparently correspo nd to that of 

lane 8, whereas the correspondi ng band is absent 

in lane 3 . See abbreviations in Fig. 33. 

Fig. 35 . Ce llulo se acetate e l ect roph oresis of 

glycosa min og l ycans treated with streptomyces 

hyaluron id ase (SII). S, start; 1 , ChS-A t Sll; 2, 

IIA t SH; 3 , TC-13 t SH ; 4, C42 - 3 t SH; 5 , ChS - A; 

6, IIA; 7, TC - 13; 8, C42 - 3. Although part of 

the band of lan e 4, which slightly migrat es 



toward the positive electrode, faintly appears, 

bands of l anes 2, 3, and 4 are missing by SH 

treatment in contrast to those of no treated 

samples in lanes 6, 7, and 8, respectively. 

The band of lane appears similar to that of 

lane 5, indicating that ChS-A is not digested 

by SH. See abbreviations in Figs. 33 and 34. 

Fig. 36. ~-Diamminedichloroplatinum (CDDP)­

selected cells (MT-RlO) capable of proliferating 

in the presence of 1.0 pg CDDP/ml. The cells 

appear round, epithelial type and are arranged 

in a compact sheet. HE, x 200. 

Fig. 37. Electron micrograph of MT-RlO. The 

cells appear dark and the cytoplasm contains 

numerous free riboso mes a nd so me mitochondria 

with dark matrix . The other cytoplasmic organel l es 

are poorly developed. x 6,800. 

Fig, 38 . Tumor induced in a rat by inoculating 

cells (MT - R2) capable of proliferating in the 

presence of 0.2 pg CDDP/ml. The tumor consists 

of fibroblastic and histiocytic cells as well as 



a moderate amount of collagenic fibers arranged 

in a storiform pattern. HE, x 100. 

Fig. 39. Tumor induced in a rat by inoculating 

MT-R2. Polygonal and round cells are loosely 

arranged and supported by myxoid matrix. HE, 

X 120. 

Fig. 40. Tumor induced in a rat by inoculating 

MT-R2. storiform pattern consists of fibroblastic 

cells and histiocytic cells moderately reactive 

for nonspecific esterase. Alpha-naphthyl acetate 

method, x 150. 

Fig. 41. 

MT-R10. 

Tumor induced in a rat by inoculating 

Small, round, undifferentiated cells are 

arranged in a compact sheet. HE, X 140. 

Fig. 42. Tumor induced in a rat by inoculating 

HT-R10. Organoid structures consist of neoplastic 

cells proliferating around vascular channels and 

are separated by necrotic tissues. HE, X 60. 

Fig. 43. Tumor induced in a rat by inoculating 

1 3 I 



MT-R10. Trabecular structures consisting of thick 

cords of neoplastic cells are seen. HE, X 140. 

Fig. 44. Tumor induced in a rat by inoculating 

MT - R10. Neoplastic cells reacted strongly for 

alkaline phosphatase. Naphthol AS method, x 140. 

Fig, 45. Tumor induced in a rat by inoculating 

MT-R10. Infiltrating macrophages (arrows) are 

positive for nonspe cific esterase, while neoplastic 

cells are negative. Alpha-naphthyl acetate method, 

X 180. 

Fig. 46. Tumor induced in a rat by inoculating 

MT - R10. Neoplastic cells do not react to anti - rat 

monocytes/macrophages monoclonal antibody, whereas 

infiltrating macrophag es (arrows) react positively, 

Indirect immunoperoxida se method, counterstained 

with hematoxylin, x 180. 

Fig . 47. Tumor induced in a rat by inoculating 

MT - R10. Mature bone-tissue is accompanied by 

osteoids and osteoblasts. HE, x 120. 



Fig. 48. Metastatic lesion in the lung of a rat 

inoculated subcutaneously with MT - RlO. The tumor 

consists of small, round, undifferentiated cel l s. 

HE, X 60. 

Fig. 49. Cloned cell lin e MT - 7 consisting of round 

or polygonal cells with a round nucleus. HE, x 600. 

Fig. 50. Cloned cell line MT - 8 consisting of e longat e d 

cel l s with a fusiform nucleus. HE, x 600. 

Fig. 51. Cloned ce ll lin e MT - 9 consisting of larg e , 

round cells with the abundant cytoplasm and a lobulat e d 

nucleus. HE, x 600. 

Fig. 52. Cloned cell line MT - 10 consisting of dendriti c 

cells with a few elongated cel l processes . HE, x 600. 

Fig. 53. Electron micrograph of MT - 7 cells showing 

histiocytic appearances with numerous surface folds 

and many ly sosomes in their cytoplasm. x 3,500. 

Fig. 54. Electron micrograph of a part of an MT - 10 

cell showi ng a histiocytic appearance with many 



lysosomes in its cytoplasm. x 9.000. 

Fig. 55. Electron micro graph of MT-9 cells. The 

cells contain well-developed dilated rough-surfaced 

endop la smic reticulum, many small lysosomes, and 

microfilaments (arrow) in their cytoplasm. x 7.000. 

Fig. 56. Electron micrograph of a portion of an 

MT - 9 cell showing microfilaments (arrow) in its 

cytop lasm. x 9.000. 

Fig. 57. Electron micrograph of MT-8 cells. The 

cells have scant organelles, a smal l number of 

lysosomes, numerous free ribosomes, and glycogen 

granules in their cytoplasm. X 6,000. 

Fig. 58. Electron micro graph of MT-8 cells. The 

cel l s have poorly developed cytop lasmic organelles 

and a sma ll number of lysosomes. x 6. 000. 

Fig. 59. MT-7 cells react strong l y for acid 

Phosphatase. Gomori 's method, x 700. 

Fig. 60. MT - 10 cells contain coarse intracytoplasmi c 



granules positive to anti-rat monocytes/macrophages 

monoclonal antibody, Indirect immunoperoxidase 

staining, counterstained with hematoxylin, x 700. 

Fig. 61. MT-9 cells react positively for alkaline 

phosphatase. Naphthol AS method, x 600. 

Fig. 62. Two MT-10 cells exhibit rosette formation 

for Fc - receptor. X 500. 

Fig. 63. A pleomorphic type tumor induced in a rat 

by inoculating MT-7. The tumor consists of pleomorphic, 

round cells, and a small amount of collagenic fibers. 

HE, X 250. 

Fig. 64. A myxoid type tumor induced in a rat by 

inoculating MT-10. The tumor consists of loosely 

arranged neoplastic cells. liE, x 180. 

rig. 65. A myxoid area of a tumor induced in a rat 

by inoculating MT-10. Giant cells contain hyalin 

globules staining red with PAS and resistant to 

diastase digestion. PAS stain, x 250. 



Fig. 66. A myxoid area of a tumor induced in a rat 

by inoculating MT-10. Cells containing lipid droplets 

in their cytoplasm are seen. Oil red 0, x 250. 

Fig. 67. A storiform type tumor induced in a rat 

by inoculating MT-9. The tumor consists of round 

and elongated cells and a large amount of collagenic 

fibers. HE, x 200. 

Fig. 68. A spindle-cell type tumor induced in a rat 

by inoculating MT-8. The tumor consists of spindle 

or fusiform cells arranged in an interlocking pattern. 

HE, X 200. 

Fig. 69. A storiform type tumor induced in a rat 

by inoculating MT-9. Cells positive to anti-rat 

monocytes/macrophages monoclonal antibody are seen. 

Indirect immunoperoxidase staining, counterstained 

with hematoxylin, x 400. 

Fig. 70. A spindle-cell type tumor induced in a rat 

by inoculating MT-8. Neoplastic cells are negative 

to anti-rat monocytes/macrophages monoclonal antibody, 

while infiltrating macrophages are positive to the 



antibody (arrows). Indirect immunoperoxidase staining, 

counterstained with hematoxylin, x 300. 

Fig. 71. A pleomorphic type tumor induced in a rat 

by inoculating MT-7. Cells positive for lysozyme 

(arrows) are present in the tumor. PAP method, 

counterstained with hematoxylin, x 300. 

Fig. 72. A spindle - cell type tumor induced in a rat 

by transplantation of MT - 8. Organoid structures 

consisting of neoplastic cells proliferating around 

vascular channels are shown. HE, X 80. 

Fig . 73. A tumor induced in a rat by transplantation 

of MT-10. Neoplastic cells react strongly for 

alkaline phosphatase . Naphtho l AS method, x 230. 

Fig. 7 4. Portion of osseous t i ssue i n a spindle - cell 

area of a tumor i nduced in a rat by transplantation 

of MT - 8 . The tumor consists of osteoids, osteoblastic 

cells, and undifferentiated ce l ls. HE, X 280. 
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