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ABSTRACT

A human gliosarcoma culture was characterized from the time of
inception to the time of establishment of the cell line (SF-S39 BT).
Immunohistochemical analysis of the original tumor showed 2 distinct
regions of cells. The gliomatous regions were identified by immunostains
for glial fibrillar) acidic protein and the sarcomatous regions by immu
nostains for laminili, collagen type IV, procollagen type III, and fibro-
nectin. In early-passage culture, both types of cells maintained their
characteristic immunohistochemical profiles; however, after the fourth
subcultivation in monolayer culture, no cells expressing glial fibrillar)
acidic protein could be identified. All cells had become morphologically
uniform and expressed laminin, collagen type IV, procollagen type III,
and fibronectin only. The immunostaining profile of clones grown in soft
agar was similar to that of cells in monolayer culture. At establishment,
SF-539 BT has a saturation density of 1.3 x 10' cells/25 sq cm, a

doubling time of 32 h, and a plating efficiency of 22% in monolayer
culture. The tumor cell line is resistant to l,3-bis(2-chloroethyl)-l-
nitrosourea, has an abnormal karyotype, grows anchorage independently,
and forms a tumor that most closely resembles a spindle cell sarcoma in
athymic mice. Its ultrastructure in monolayer culture consists of large
cells with an expanded rough endoplasmic reticulum and abundant iniil-
tivesicular bodies; in athymic mice, extracellular collagen fiber formation
is prominent. DEAE-cellulose chromatography and sodium dodecyl sul-
fate-polyacrylamide gel electrophoresis of cultures labeled with |'Il|

proline demonstrated interstitial collagen formation. We conclude that
the cell line at establishment is a collagen-producing spindle cell sarcoma
that resembles the sarcomatous regions of the original mixed tumor.
Further cell separation and characterization studies are needed to deter
mine the pathogenesis of mixed tumors such as gliosarcoma.

INTRODUCTION

Nonteratomatous tumors consisting of 2 dissimilar neoplas-
tic tissues have been termed "mixed" tumors. Some well-de

scribed examples of these rare neoplasms include the mixed
MÃ¼lleriantumor of the uterus, the mixed tumor of the salivary
gland, and the nephroblastoma (Wilms' tumor). The most
common mixed tumor of the CNS3 is the gliosarcoma, which
occurs in approximately 2-8% of all glioblastomas multiforme
(1-3). We define gliosarcoma as the admixture of 2 distinct
neoplasms in the CNSâ€”glioblastoma multiforme and sarcoma
(usually fibrosarcoma)â€”each of which may be diagnosed inde
pendently of the other.

In general, the pathogenesis of mixed tumors is poorly under-
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stood. The recognition of gliosarcoma as a distinct neuropath-
ological entity has led to a number of theories pertaining to the
origin of the mixed tumor cell populations. Most studies have
supported the hypothesis that the glioblastoma induces the
sarcomatous transformation of the vascular endothelium and/
or the perivascular adventitial cells (4-8). Determining the
mechanism by which glioblastoma cells contribute to the induc
tion of neoplasia in previously nonneoplastic tissues will be of
fundamental importance in increasing our understanding of the
behavior of primitive glial tumors and the responses they evoke
in neighboring tissues within the CNS. An in vitro model system
that faithfully reproduces the elements of the gliosarcoma as
they occur in vivo would be helpful in answering such mecha
nistic questions. In this study, we characterized a cell line
derived from a human gliosarcoma from the time of inception
to the time of establishment (monolayer passage greater than
30). Although in early passages, the culture displayed both
gliomatous and sarcomatous elements, at establishment, the
predominant tumor cell type was a collagen-producing spindle
cell sarcoma.

MATERIALS AND METHODS

Origin of the Cell Line. Cell line SF-539 BT was derived from a
recurrent, right temporoparietal glioblastoma multiforme. The patient
was a 34-year-old white woman who had undergone 2 subtotal resec
tions followed by external beam radiation therapy (6000 rads) and
chemotherapy (BCNU, 5-fluorouracil, hydroxyurea, and 6-mercapto-
purine). Histopathological analysis of a tumor specimen from the first
operation showed a highly cellular tumor with marked nuclear and
cytoplasmic pleomorphism, areas of pseudopalisading and necrosis, a
high mitotic index, and proliferation of vascular mesenchymal cells.
Many cells were positively immunostained by antiserum to GFAP. The
histopathological features of the tumor resected at the second operation
were similar to those of the first tumor, except that the proliferation of
the vascular elements was much greater. Neither tumor showed sarcom
atous changes. Increasing tumor size and progressive neurological
dysfunction prompted a third operation to reduce the mass of the tumor
15 months after her initial presentation. The patient continued to
deteriorate and died 17 months after the first operation. The autopsy,
restricted to the head and intracranial contents, revealed a right tem
poral lobe tumor extending into the right frontal, parietal, and occipital
lobes; tumor was also found in the right basal ganglia and diffusely
throughout the corpus callosum. The culture and cell line were initiated
from a biopsy specimen obtained during the third operation. The
pathological diagnosis at that time was glioblastoma multiforme with
spindle cell sarcoma (gliosarcoma).

Monolayer Cell Culture. A representative portion of the tumor spec
imen was fixed in formalin, embedded in paraffin, cut into thin sections,
and stained with hematoxylin and eosin, phosphotungstic acid-hema-
toxylin, and reticulin stains to confirm the diagnosis of gliosarcoma.
The remainder of the specimen was processed within 4 h after the
biopsy as described previously (9). Briefly, the specimen was minced
into pieces smaller than 1 cu mm and dissociated into single cells in an
enzyme cocktail consisting of Pronase [0.05% of Kaken proteinase
(proteolytic) units/mg; Calbiochem, San Diego, CA], collagenase
(0.02% of 125 units/mg; U.S. Biochemical Corp., Cleveland, OH), and
DNase (0.2% of 7 x IO4domase units/mg; Calbiochem) for 30 min at
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CHARACTERIZATION OF HUMAN GLIOSARCOMA CELL LINE

37"C. The cells were incubated in a humidified atmosphere (95% air/
5% CO2) at 37Â°Cin 75-sq cm flasks that contained an enriched medium
consisting of Eagle's minimum essential medium, nonessential amino

acids, glutamine, gentamicin, and 10% fetal calf serum. The medium
was changed twice weekly until the cells reached confluence, when the
cultures were split 1:2. A growth curve and the cell line doubling time
were generated by counting cells daily in later passages (greater than
40) in 25-sq cm flasks; trypan blue staining was used to determine cell
viability. The morphological features of cells in culture were recorded
with an Olympus I'M-10 phase microscope and camera.

Growth in Soft Agar. The ability of the cell line to grow in an
anchorage-independent fashion was assessed by the method of Cour-
tenay and Mills (10). Briefly, soft agar cultures were set up in triplicate
in 10 ml tubes by adding 0.2 ml of red blood cells (washed and
inactivated August rat red blood cells diluted 1:8), 0.2 ml of cell
suspension, and 0.6 ml of 0.5% agar in Ham's F-12 medium with 15%

fetal calf serum. After the cells had incubated for 5-7 days in a 5%
oxygen atmosphere, 1 ml of complete medium was added to each tube.
Two weeks later, the cells were fixed for 24 h with 2-(p-iodophenyl)-3-
(/7-nitrophenyl)-5-phenyl-2//-tetrazoIium chloride (Eastman Kodak,
Rochester, NY) and colonies of more than 50 cells were counted under
a stereomicroscope. The plating efficiency was expressed as the number
of colonies scored as a percentage of the total number of cells seeded.
Growth in agar was assessed in the primary culture and at passages 4,
7, 19, and 45.

Tumorigenicity in Athymic Mice. The tumorigenicity of SF-539 BT
was determined by s.c. injection of 5 x IO6to 2 x IO7cells in 0.3 ml of
PBS into five 30-day-old Swiss/c-nu-nÂ«female nude mice (Animal Care
Facility, University of California, San Francisco). The tumors were
harvested when they reached a size of 0.5-1.0 sq cm, usually between
2 and 12 weeks after inoculation. Each tumor was dissected free of
connective tissue, fixed, and processed for examination by light and
electron microscopy.

Chromosome Analysis. Culture SF-539 BT and a culture (SF-539
SLT) initiated from a separate peripheral portion of the tumor, obtained
during the patient's third operation and showing only sarcomatous

features histologically, were harvested for cytogenetic analysis using
the procedure described by Trent (11). Briefly, monolayer cultures were
incubated for 1.5 h at 37Â°Cin the presence of Colcemid, 0.05 Mg/ml

(Sigma Chemical Co., St. Louis. MO). The cells were trypsinized,
washed, and resuspended in 37Â°CKC1 for 18 min. Slides were prepared

by standard air-drying techniques and the cells were G-banded (12).
Chromosome abnormalities are described in accordance with the Inter
national System for Human Cytogenetic Nomenclature (13).

Electron Microscopy. The ultrastructural features of the cell line at
passages 19 and 40 were assessed by electron microscopy. Cells were
grown to confluence in 75-sq cm flasks, rinsed in PBS, gently scraped
away from the plastic, placed in microcentrifuge tubes, and centrifuged
at 1000 x g for 2 min. The resulting pellet was fixed in 2% glutaral-
dehyde in cacodylate buffer at 4Â°Cfor 1 h, postfixed in 1% osmium

tetroxide for 1 h, dehydrated through graded ethanol solutions, and
embedded in araldite. Thin sections were stained first with uranyl
acetate and then with lead citrate and examined in a JEOL 100S
electron microscope. Tumor specimens from athymic mice were fixed
and embedded in a similar fashion.

Antigen Expression. Immunolocalization of a variety of intracyto-
plasmic and extracellular matrix proteins was performed on the paraf
fin-embedded gliosarcoma specimen from the third surgery and on the
cells in culture at various passages. The immunoperoxidase technique
of Sternberger et al. (14) was used on tissue specimens and indirect
immunofluorescence was used on tissue cultures (15).

Rabbit anti-human antiserum to GFAP was provided by Dr. L. Eng
(Stanford University, Stanford, CA); its specificity has been determined
by Western blots (16). Lyophilized antibodies against laminin and
fibronectin, raised in rabbits, were a gift from Dr. H. Kleinman (Na
tional Institute of Dental Research, Bethesda, MD). The specificity of
the anti-laminin was determined by enzyme-linked immunosorbent

assay and immunoprecipitation; for fibronectin, immunoprecipitation
and Western blotting were used (17, 18). Rabbit anti-human factor
VIH-related antigen antisera were purchased from Dako (Santa Bar
bara, CA); their specificities were determined by crossed immunoelec-
trophoresis. Monoclonal antibodies to procollagen type III and collagen
type IV were donated by Dr. N. SundarRaj (University of Pittsburgh,
Pittsburgh, PA); their specificities have been determined by Western
blots and enzyme-linked immunosorbent assay (19, 20).

Paraffin-embedded sections 6 ^m thick were deparaffinized and
pretreated with 0.4% pepsin (P7012; Sigma) in 0.01 N HC1 for 60 min
at 37Â°C(21). Tumor sections were then stained with the peroxidase-

antiperoxidase technique, using Dako peroxidase-antiperoxidase kit
K548 for primary antibodies raised in rabbits and Dako monoclonal
kit K660 for mouse monoclonal primary antibodies. Primary antibodies
(anti-laminin, anti-collagen type IV, and anti-procollagen type III di-

Fig. 1. SF-539 BT. passage 3. Broadly bipolar cells with large central nuclei and generous cytoplasm represent one cell type seen in early-passage cultures. Multiple
intracytoplasmic vesicles (arrows) could be seen by light microscopy. Phase microscopy, x 100.
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CHARACTERIZATION OF HUMAN GLIOSARCOMA CELL LINE

Fig. 2. SF-S39 BT, passage 2. In a, a single stellate cell with multiple slender processes and minimal cytoplasm (arrow) Â¡sseen against a background of broadly
bipolar cells. In b, only the stellate cell is positively identified by immunostaining for GFAP. Phase microscopy and indirect immunofluorescence. x 500.
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Fig. 3. HistolÃ³gica! section of tumor grown in athymic mice. The tumor is hypercellular; the cells show a modest amount of nuclear pleomorphism and are
arranged in linear arrays. Arrow, mitotic figure. The morphology of the tumor most closely resembles the spindle cell sarcoma of the original tumor. Hematoxylin &
eosin, x 150.

luted 1:100; anti-GFAP, anti-fibronectin, and anti-factor VIII diluted
1:200) were allowed to incubate overnight at 4Â°C.The slides were

carefully rinsed in PBS after each step. The sections were counterstained
with hematoxylin and mounted with Aquamount. Staining intensity,
morphological localization, and background staining were evaluated
for each side. Control staining was performed by replacing the primary
antiserum with either the immunoglobulin fraction from nonimmun-
ized rabbits (Dako) or ascites control fluid (Cappel, Cochraneville, PA)
at dilutions identical to those of the primary antibody.

The same panel of antibodies was used to perform indirect immu
nofluorescence on serial monolayer cultures, beginning with the pri
mary culture, and on cells capable of growing in soft agar, as described
previously (15, 22). Fluorescence microscopy was performed with an

Olympus BHS system microscope equipped with a BH-RFL-W re-
flected-light fluorescence attachment (Olympus) and a HBO 100-W/2
high-pressure mercury lamp. The intensity of staining and the percent
age of cells that stained positively were recorded in each case. Negative
controls were examined for each stain in all studies.

Chemosensitivity of the Cell Line. The sensitivity of the cell line to
BCNU was determined in monolayer and in soft agar systems at
passages 11, 14, 19, and 45. The monolayer assay was performed as
described previously (9). Treatment with BCNU in vitro at 5 Â¿ig/mlin
the presence or absence of fetal calf serum was considered equivalent
to the maximum clinically achievable dose of BCNU in vivo." The

4 V. Levin, personal communication.

5895

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/2425090/cr0460115893.pdf by guest on 19 M

ay 2023



CHARACTERIZATION OF HUMAN GLIOSARCOMA CELL LINE

choice of a cell kill of 40% as the discriminating point between sensi
tivity and resistance of cells in vitro was based on correlation with the
in vivo tumor response (23).

For the Courtenay agar assay, 1.0-5.0 x IO5 tumor cells were

trypsinized, counted, and placed into 15ml centrifuge tubes containing
1-ml Ham's F-12 media. BCNU was added at concentrations of 11, 23,

and 47 MMfor 2 h in 20% oxygen; the flasks were shaken every 15 min.

Table 1 Summary of cytogenetic analysis of SF-539 BT and SF-539 SLTÂ°

CelllineSF-539
BT*SF-539Cells

countedRange50

40-18450

54-127Common

clonal
structural alter-

Modeations64

del(2)(ql2)
der(3)(pl2)
t(2;4)(ql2;P16)

t(6;?)(q27;?)61

del(2)(ql2)
der(3)(pl2)
I(2;4)(ql2;pl6)
t(6;?)(q27;?)Unique

clonal
structural alter

ationstiSSSnhdel(7)(q21)

isoSq
t(12;?)(q24;?)
t(3;12)(P12;pll)

' del. deletion; der. derivative; iso, isochromosome; t, translocation.
;>Established from portion of brain tumor with both gliomatous and sarcom-

atous features histologically.
' Established from portion of brain tumor with only sarcomatous features

histologically.

The tubes were then filled with PBS and centrifuged for 5 min at 1000
rpm. The supernatant was decanted and 1 ml of fresh medium was
added. The control cells and those that received the highest dose of
BCNU were then counted. The cells in each tube were diluted to the
desired test concentration. Then, 0.2 ml of cells was seeded into 15-ml
tubes containing 0.2 ml of red blood cells and 0.6 ml of agar. The cells
were incubated for 14 days at 37Â°Cin 5% oxygen. Colony formation,

plating efficiency, and surviving fractions were determined as in the
monolayer assay.

Collagen Synthesis Studies. Tumor cells at passages 8 and 35 were
prepared for SDS-PAGE to determine whether they produced any of
the collagen subtypes. Briefly, the cells were incubated in 10 ml of
proline- and glutamine-free RPMI medium supplemented with ascor-
bate (25 ^g/ml; Sigma) and /3-aminopropronitrile (50 /in/ml: Sigma)
for 4 h. Radiolabeled proline (L-[2,3,4,5-'H]proline, 102 Ci/mmol;

Amersham, Arlington Heights, IL), 40 ^Ci/ml, was added to the
medium after the volume had been reduced to 6 ml by aspiration, and
the cells were allowed to incubate for 24 h. The medium was withdrawn
and saved for analysis by DEAE-cellulose chromatography. The cell
layer was rinsed in 0.5% Nonidet P-40 for 100 min, scraped off the
flask, and homogenized. A 4.5% stacking gel and 5-7% separating gels
were used to separate the radiolabeled proteins into bands (24). The gel
processing and the separation of the procollagens in the medium by
DEAE-cellulose chromatography have been reported in detail elsewhere
(15,22).

13 14 15

Hi UT
19 20

i
22

ff Mir lili
Fig. 4. G-banded karyotype from SF-539 BT. Arrows, structural alteration; unidentifiable markers (Umars) are located in the bottom row.
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CHARACTERIZATION OF HUMAN GLIOSARCOMA CELL LINE

RESULTS
Growth Characteristics and Cell Morphology. SF-539 BT

grew vigorously in early-passage monolayer culture. Initially, 2
types of cells were apparent: a broadly bipolar cell with a large
central nucleus and intracytoplasmic vesicles (Fig. 1) and a
stellate cell with multiple long cytoplasmic extensions (Fig. 2,
A and B). After serial subcultivations, however, stellate cells
were no longer present. The cell doubling time at passage 45
was 32 h, and the saturation density was 1.3 x IO6cells/25-sq

cm flask. The plating efficiency in monolayer culture at passage
45 was 22%. At establishment, the cells did not exhibit contact
inhibition, rapidly overgrew the culture, and detached from the
flask at confluence. Although cells from the primary culture did
not grow in soft agar, cells from passages 4, 7, 19, and 45 did
form colonies in agar; the plating efficiency was 0.2%. Cur
rently, the highest passage of the cell line is 85.

Tumorigenicity in Athymic Mice. Mice inoculated with 0.3
ml of a tumor cell suspension containing more than 1.0 x IO7

cells grew palpable, enlarging, s.c. tumors. Grossly, the tumors
were well vascularized, contained a central core of necrosis, and
had a viable external capsule of variable thickness. Hematoxy-
lin-eosin staining of the formalin-fixed xenotransplanted tu
mors revealed a highly cellular tumor forming linear arrays
(Fig. 3). The cells showed cytoplasmic and nuclear pleomorph-
ism and had large central nuclei with prominent nucleoli. The
tumor vasculature was thin walled. Pathologically, the tumor
most closely resembled a spindle cell sarcoma.

Karyotype and Chromosome Analysis. The results of the
chromosome banding analysis of SF-539 BT and SF-539 SLT

are presented in Table 1 and Fig. 4. G-banding revealed nu
merous clonal structural and numeric alterations common to
both cultures, including del(2)(ql2), der(3)(pl2), t(2;4)-
(ql2:pl6), t(6;?)(q27;?), and del(12)(pll), as well as clonal
chromosomal alterations unique to each line. These results
strongly support the common origin of both cultures from the
same original tumor.

Electron Microscopy. The ultrastructural features of SF-539
BT were similar at passages 19 and 40. Large round cells with
multiple, thin, villus-like cytoplasmic extensions were evident.
A solitary nucleus, usually central and containing a prominent
nucleolus, was seen in all cells. The cytoplasm was filled with
fine microfilaments, distended rough endoplasmic reticulum
filled with amorphous material, and prominent Golgi appara
tus. A few small lipid inclusions were also present. Multive-
sicular bodies were conspicuous (Fig. 5) and may be the ultra-
structural correlates of the cytoplasmic vesicles seen by light
microscopy. Fine, filamentous, basement-membrane-like ma
terial was also present in the extracellular spaces. There were
no junctional complexes or prominent intermediate type fila
ments.

The tumors grown in athymic mice showed extracellular
collagen fiber formation (Fig. 6) and other ultrastructural fea
tures similar to those described above. Lipid inclusions were
more prominent in the mouse-grown tumor cells than in those
grown in monolayer culture. Multivesicular bodies were not
present in the tumor cells grown in mice. Instead, many mem
brane-bound electron-lucent bodies were found throughout the
cytoplasm.

"

i-''-1^Â« JC-
r
-

Fig. 5. I Itrastructural detail of SF-539 BT in culture, passage 40. The tumor cells are large with multiple thin cytoplasmic extensions forming lilupodia
(arrowheads). The nucleus (N) is centrally placed and the nucleolus is prominent. Multivesicular bodies are present throughout the cytoplasm (large arrows). The
rough endoplasmic reticulum is prominent (small arrows). Lipid inclusions are also present (curved arrow). Electron microscopy, x 10,000.
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Fig. 6. Ultrastructural detail of xcnotransplanted SF-539 BT. The features resemble those seen in Fig. 5. Large tumor cells with cytoplasmic extensions forming
filupudiu are also present. Spherical, membrane-bound, electron-lucent bodies (V) are found throughout the cytoplasm. Filopodia (arrowheads) are prominent. Tumor
cells grown in athymic mice also showed more abundant filament formation (large arrows) and lipid inclusions (curved arrow) within the cytoplasm than did tumor
cells grown in monolayer culture. Also, xenotransplanted tumors contained extracellular collagen fibers (small arrows). N, nucleus. Electron microscopy, X 10,000.

Antigen Expression. The panel of monoclonal antibodies and
antisera showed that the immunohistochemical profile of the
paraffin-embedded gliosarcoma specimen (Fig. 7) was similar
to that found in other gliosarcomas (25). The gliomatous areas
were stained positively by immunostains for GFAP and nega
tively by stains for fibronectin, laminin, collagen type IV, pro-
collagen type III, and reticulin. Conversely, areas in which the
spindle cell sarcoma predominated were richly positive for
laminin, fibronectin, collagen type IV, and procollagen type III.
Although most of the staining was extracellular, some intracy-
toplasmic staining for fibronectin and laminin was seen in the
sarcomatous component. Giant cells located at the border of
the areas of glioblastoma and sarcoma were negative for GFAP
and positive for laminin, collagen type IV, and fibronectin.
Anti-factor VIH antiserum recognized luminal endothelial cells
in all areas of the tumor.

The results of the immunocytochemical analysis of SF-539
BT are shown in Table 2. Glial cells could not be identified by
the presence of GFAP after passage 3. Concomitant with the
decrease in the number of GFAP-positive cells over serial
passages was an increase in number of cells that stained posi
tively (both intracytoplasmically and extracellularly) for lami
nin, collagen type IV, fibronectin, and procollagen type III (Fig.
8). At establishment of the cell line, the immunolocalization of
the panel of proteins remained basically unchanged. No cells in
culture stained positively for factor VIH-related antigen. The
characterization profile of cells taken as clones from the agar
system was identical to that of cells in monolayer culture.

Chemosensitivity of the Cell Line. The cell kill at the maximal
clinically achievable dose of BCNU (23 AIM)was 2% in mono-
layer culture at passage 42; in the agar system (passage 42), the
cell kill at the same dose of BCNU was 26%.

Collagen Synthesis Studies. SDS-PAGE analysis of the pro
teins labeled with [3H]proline revealed bands representing the
alpha-1 and alpha-2 bands of collagen type I (Fig. 9). Bands of
higher molecular weight representing procollagen types I and
III were also recognized after application of radiolabeled peak
fractions from DEAE-cellulose chromatography to separate
vertical slab gel lanes.

DEAE-cellulose chromatography of the medium of culture
SF-539 BT showed a moderate peak for procollagen type III
and a much higher peak for procollagen type I (Fig. 10). This
procollagen profile was basically unaltered when tested at in
tervals of 30 passages.

DISCUSSION

In establishing this cell line from a human gliosarcoma, we
were interested primarily in characterizing the change in tumor
cell populations over time and with progressive subcultivations.
Using specific characterization techniques that enabled us to
identify, with a relatively high degree of certainty, the separate
tumor cell populations, we examined the composition of the
monolayer and soft agar cultures over serial passages to deter
mine which type of cell would eventually predominate. Our
findings provide evidence that the sarcomatous element of the
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Fig. 7. Immunohislochemical characterization of the gliosarcoma. In a, islands of glioma (6") stain positively with immunostains for GFAP; regions of

sarcoma l Si are not identified with the anti-GFAP antiserum. A giant multinu-
cleated cell at the border of gliomatous and sarcomatous elements (curved arrow)
is negative by GFAP immunostains. Light microscopy, x ISO. In ft. regions of
sarcoma are positively identified as dark linear bands by stains for reticulin. The
gliomatous areas are negative for reticulin. Light microscopy, x 75. c, immuno-
stain for laminin within the gliosarcoma. The sarcomatous element stains posi
tively in an extracellular, fibrillar) fashion. The gliomatous regions are unstained.
Light microscopy, x 500.

gliosarcoma is the predominant cell type at establishment of
the cell line and that the malignant gliomatous element is lost
after progressive subcultivations.

Most gliosarcomas are thought to arise as dependent tumors
in which one neoplastic component precedes and induces the
other (4-6, 8, 26-29). Other possible derivations include si
multaneous transformation of glial and mesenchymal elements
(30, 31 ) and tumor formation as a result of external influences
such as radiation therapy (27, 32). Most authors believe that
the glioblastoma induces the proliferation and malignant trans
formation of the intradural vascular mesenchymal cells (5, 28).
However, there are no firm experimental data that would prove
this hypothesis.

VMP (defined as proliferation of perivascular and endothelial
cells) is a frequent concomitant not only of malignant astrocy-
tomas (4, 5, 8, 26, 33, 34), but also of oligodendrogliomas (35,
36) and metastatic carcinoma of the brain (1). The recognition
of vascular endothelial hyperplasia in malignant gliomas is
important because a direct correlation between the degree of
histolÃ³gica! malignancy and the degree of VMP has been re
ported (26, 37).'

The cell of origin responsible for VMP in glioblastoma
multiforme has been the subject of some debate. There are
morphological, immunohistochemical, and ultrastructural data
to support the notion that the endothelial cell is the likely
precursor cell (3, 4, 25, 26, 38). However, in our study and in
the immunohistochemical analysis of malignant gliomas re
ported by McComb et al. (8), factor Vlll-related positivity was
demonstrated only in endothelial cells bounding the vascular
lumen; the mesenchymal cells forming the remainder of the
hypercellular blood vessel wall were unstained. Therefore, while
one interpretation of these data is that VMP consists solely of
hyperplastic endothelial cells, some of which have lost their
ability to express factor Vlll-related antigen, it is distinctly
possible that VMP is a direct reflection of a mitogenic influence
on a different adventitial cell population (e.g., pericyte, fibro-
blast, leptomeningeal) altogether. It is clear that additional
endothelial cell markers such as Ulex europaeus I lectin may
prove useful in more fully characterizing the proliferating vas
cular cell pool in glioblastoma and gliosarcoma (4, 39).

The cell line that we have established from a human gliosar
coma is a tumor insofar as it possesses an abnormal karyotype
with marker chromosomes, grows in soft agar, and is tumori-
genie in athymic mice. If our immunocytochemical methods
have, in fact, accurately identified separate tumor cell popula
tions, SF-539 BT at establishment resembles the sarcomatous
portions of the original mixed tumor. SF-539 BT expressed
collagen type IV, fibronectin, laminin, and procollagen type
IIIâ€”the proteins that localized solely to the sarcomatous re
gions of the surgical specimenâ€”but regions of glioblastoma
were not identified positively by immunostains for those pro
teins. Although the gliosarcoma biopsy specimen had strongly
staining islands of GFAP positivity, the culture derived from it
rapidly lost cells capable of expressing GFAP. It seems unlikely
that the malignant gliomatous element of our tumor should
lose the ability to express GFAP when placed in culture and
subsequently gain the ability to express extracellular matrix
proteins that have not yet been conclusively localized immu-
nohistochemically to the gliomatous areas of a gliosarcoma.
Rather, we believe our immunochemical data suggest that only
sarcoma cells are present at establishment of the cell line, either

5R. L. Davis. H. C. Liu. P. Silver, and V. Levin. Histopathological correlation

of survival in supratentorial malignant gliomas, submitted for publication.
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Table 2 Immunocytochemical characterization of cell line SF-539 BT over multiple passages
Intensity of staining, scored as negative (-), low (+), moderate (++), or high (+++). Numbers in parentheses indicate the percentage of cells that stained positively.

CulturetypeMonolayerMonolayerMonolayerMonolayerMonolayerMonolayerMonolayerAgarAgarPassagePrimary123474247GFAP+++

(50)+++
(12)+++
(3)+++

(0.05)â€”â€”â€”++(1)-VIII-.RAg

Fibronectin++

(50)++
(85)+++

(95)++
(99)++
(100)++(100)++

(100)++
(95)++

(100)Laminin+

(10)++
(85)++
(95)++
(99)++(100)++(100)++(100)++

(95)++
(100)Collagen

typeIV++

(10)++
(85)++
(95)++
(80)++
(90)++
(90)++
(80)++
(70)++

(80)Procollagen

III++(5)++

(40)++
(50)++
(25)++
(25)++
(25)++
(20)++
(25)++

(20)

Fig. 8. Immunocytochemical analysis of SF-539 BT. a and b, passage 2.
All cells are positively identified by antilaminin antibody. Staining is granular,
perinuclear. and largely cytoplasmic (arrow). Phase and indirect immunoflu-
orescence microscopy, x 500. c, a. and e. passage 2. Phase microscopic
examination (<â€¢)reveals a variety of different cell morphologies; large arrows,
cells that will slain positively for GFAP; small arrows, cells that Â»illstain
positively for collagen type IV. In a, immunostaining for GFAP identifies 3
cells that show characteristic intracytoplasmic filament formation (small
arrows): a long cytoplasmic process is also positively identified (large arrow).
In e, granular perinuclear cyloplasmic staining is seen in 3 cells immuno-
stained with collagen type IV antibody (arrows). Therefore, by double immu-
nofluorescence, GFAP and collagen type IV immunostains recognized com
pletely separate populations of cells. In control experiments, the fluorescein-
and rhodamine-conjugated antisera did not react with each other. Phase and
indirect immunofluorescence microscopy, x 500.
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Fig. 9. SDS-PAGE and fluorography of [3H)proline-labeled protein bands.

Lane a, SF-526 (meningioma); lane b, SF-539 BT (gliosarcoma); lane e, U-25I
MG (malignant astrocytoma); lane a, SF-539 BT incubated with collagenase type
V (Sigma), 10 U/ml, for 4 h at 37"C. In lanes a and b, bands representing type I
collagen [alpha-l (I) and alpha-2 (I)] are present. The alpha-I band in each is
darker than the alpha-2 band. Procollagen types I and III are identified above the
alpha-l bands. U-251 MG (lane n does not appear to make any of the interstitial
collagcns. Treatment with collagenase (lane d) results in disappearance of the
proline-labeled collagen bands. Molecular weight standards are shown.

-0.2

-0.1

FRACTION NUMBER

Fig. 10. DEAE-cellulose chromatography of SF-539 BT. A moderate peak for
procollagen type III (Pro-Ill) is seen at fraction 50; a higher peak representing
procollagen type I (Pro-l) is seen at fraction 40. Separation of procollagens was
achieved with an increasing salt gradient, as shown (dotted line).

because their cell kinetics (higher labeling index and growth
fraction) are more favorable or because they adapt more readily
to the culture conditions than do cells containing GFAP. Fur
ther support for this hypothesis comes from our ultrastructural
studies, which revealed large cells with dilated rough endo-
plasmic reticulum and extracellular collagen fiber formation,
and from the production of a tumor resembling a spindle cell
sarcoma in athymic mice inoculated with SF-539 BT. In future
studies, use of the organ culture or 3-dimensional matrix system
may eliminate the loss of markers of differentiation in glioma
cells grown in monolayer cultures and preserve the proportion
of glioma and sarcoma cells in the original tumor (40, 41).

The demonstration of collagen synthesis by SF-539 BT in
monolayer culture is an additional indication that the cell line
is sarcomatous, since we have found no clear proof that well-
characterized malignant gliomas can synthesize the interstitial
collagens. Alitalo et al. (42) demonstrated the biosynthesis of
collagen type IV in a human astrocytoma cell line (U-251 MG)
by labeling the cells with [3H]proline; however, this cell line was

found not to contain collagen types I, II, III, and V. Rabson et
al. (43) reported the increased synthesis of procollagen type I
relative to procollagen type III in a glioblastoma cell line treated
with hemamethylene bisacetamide; however, because this cell
line (CBT) has the histolÃ³gica! appearance of a sarcoma and
has produced a fibrosarcoma in nude mice, it appears to be of
mesenchymal rather than of glial origin and may have arisen
from malignant mesenchymal cells present in the original glio
blastoma multiforme. Similarly, Manoury (44) reported that 3
of 5 cell lines he established from malignant human brain
tumors consisted of spindle-shaped cells that stained positively
with Masson's trichrome and reticulin stains. In addition, ex

tracellular collagen fibers were demonstrated by electron mi
croscopy in all 3 cell lines, one derived from a meningeal
sarcoma and 2 from malignant gliomas. None of these cell lines
expressed GFAP or S-100 protein. In our study, DEAE-cellu
lose chromatography and SDS-PAGE demonstrated that SF-
539 BT has a reproducible procollagen and collagen profile.

Tissue culture studies of gliosarcomas have been reported
previously (2, 4). In each study, the sarcomatous element in
vitro appeared to outgrow the gliomatous element. However,
the distinctions between the cell types were based on the find
ings of light microscopy only. McKeever et al. (2) used immu-
nocytochemical methods to analyze the cells derived from ex-
plants of a gliosarcoma culture at passage 8. More than half
the cells were positive for fibronectin, but no cells containing
GFAP were identified. To our knowledge, ours is the first study
in which the cell populations of a gliosarcoma culture were
carefully characterized over serial passages to prove the auton
omous tumorigenicity of the sarcomatous element at establish
ment. Interestingly, and perhaps coincidentally, the pathologi
cal behavior of the tumor paralleled the history of the culture
derived from it in that the glioblastoma was eventually out
grown by the spindle cell sarcoma. Similarly, the relative re
sistance of SF-539 BT to BCNU in monolayer and soft agar
systems in early passages appears to reflect that patient's lack

of response to chemotherapeutic agents, including BCNU. If
the sarcoma and glioblastoma cell populations differ in their
sensitivity to radiation and chemotherapy in vivo, the more
resistant cells should have a selective growth advantage and
eventually become predominant. Several reports have alluded
to the increased growth potential of the sarcoma relative to the
glioma (2, 5-7, 36). The sarcoma often forms the bulk of the
neoplasm even if the original tumor was diagnosed as a glio
blastoma multiforme, and when a gliosarcoma metastasizes,
the sarcomatous component and not the gliomatous component
is almost always found in the metastasis (45, 46). It is uncertain
whether postoperative cranial irradiation and systemic chemo
therapy play a role in the pathogenesis of the sarcomatous
element. The findings in the patient we describe and in several
patients reported elsewhere (4, 8, 27, 30, 32) provide anecdotal
evidence of tumor induction by external influences.

In conclusion, by establishing and characterizing SF-539 BT,
we have contributed to the understanding of the growth dynam
ics and identification of the tumor cell types in a human
gliosarcoma culture. We have generated a resistant cell line that
most closely resembles the spindle-shaped sarcoma of the orig-
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inal tumor and is currently being used to study mechanisms of
tumor resistance. In the future, the two types of tumor cells in
a gliosarcoma should be cloned to yield pure glioma and sar
coma populations from the same tumor. Well-characterized
tumor clones will lend themselves to experiments designed to
isolate the soluble factor(s) responsible for tumor induction in
the mesenchymal elements of the CNS and will provide better
models for studying the interactions between glioma and sar
coma cells.
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