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ABSTRACT

The heterogeneous composition of a single primary tumor was
studied using five clonal cell lines established from a
spontaneous BALB/c mouse osteosarcoma. Four of these lines
showed some similarities in morphology, in vitro growth
properties, extracellular matrix production and osteogenic
differentiation. They formed colonies with characteristic
differences in size and morphology in soft agar and osteogenic
sarcomas and metastases in syngeneic mice. Ultrastructurally
cells in the transplant tumors showed marked osteogenic
features. There were no osteoclast-like cells. The fifth cell
line had somewhat different characteristics. All five lines
expressed infectious endogenous murine leukemia viruses.
Molecular analysis showed the presence of newly acquired
proviral genomes integrated at different sites in the cellular
DNA. Increased c-myc protooncogene expression was found in one
cell line and c-fos expression at different levels in all
lines. There was only very low expression of c-Ha-ras and no
expression of c-Ki-ras and c-sis.

The results show the presence of distinct neoplastic subclones
in a primary mouse osteosarcoma. Although the clones exhibited
morphological, functional and molecular diversity they
retained the basic pathogenic properties of the tumor from

which they were derived.



INTRODUCTTION

The expression of heterogeneous phenotypic traits is a well
known characteristic of many human and non-human tumors (1).
Distinct diversities emerge generally from unicellular
carcinogenic events (2-5), which generate genetic instability,
and progress via clonal evolution of different subpopulations
within a given neoplasm (1, 6-10). Tumor cell heterogeneity
becomes particularly evident in cell cultures established from
primary tumors. It is embodied in differences in cell features
including morphology, karyotype, attachment, plating
efficiency, growth rates and cloning efficiency of the cells
in soft agar, _and the tumorigenic and metastatic potential of
cells in syngeheic or immunosuppressed animals (11-14). A
further basis of diversity may lie in the different expression
of retroviral (15) and cellular oncogene seguences.

The majority of data on tumor cell characterization have been
derived from studies of soft tissue tumors and leukemias (4,
12, 16-18). Relatively little is known about the degree of
diversity in the composition of osteosarcomas (19, 20).
Numerous reports have indicated that C-type retroviruses are
associated with malignant disease in many animal species
including humans (21) and the expression of endogenous
retroviral sequences has been considered as a possible
etiological event during carcinogenesis; particularly in human
(22-24) and mouse osteosarcomas (25-28). The present study was
aimed at characterizing distinct neoplastic cell clones
derived from a spontaneous mouse osteosarcoma with the aim of
addressing such questions as the presence of cellular
heterogeneity in primary osteogenic tumors, the degree of cell
transformation, and the presence of malignant phenotypes with
respect to the expression of osteogenic marker molecules
(29-31). In addition, the expression of cellular oncogenes
associated with cell transformation and cell differentiation
(32-40) was investigated,. as well as the acquisition of
additional retroviral sequénces in the tumor cell DNAs. The
results indicate that primary mouse osteosarcoma comprises a
mixture of heterogeneous neoplastic cells which differ in a

number of fundamental characteristics.



MATERIALS AND METHODS

Tumor tissue and cell cultures
Tumor tissue was derived from a spontaneous osteosarcoma of

the distal femur of an 895-day-o0ld female BALB/c mouse.
A primary cell culture (0S-50) was established by mincing the
tumorous tissue and dissociating the cells with trypsin/EDTA
solution (0.05%/0.02 EDTA in PBS). Single cells were seeded
into cell culture dishes (Falcon, Oxnard, Ca.) and incubated
with Dulbecco's Modified Eagle Medium (D'MEM) supplemented
with 10% fetal calf serum (FCS) (Gibco, Karlsruhe, FGR),
penicillin (50 U/ml) and streptomycin (50 mg/ml) (complete
medium). The cell cultures were passaged four times. Cells
from the 4th subculture were cloned by the endpoint dilution
technique in 96-well microtiter plates. Twenty-eight single
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cell colonies were identified and cultivated further. Five of

these clonal sublines, designated K 7, K 8, K 12, K 14, K 37,
were selected on the basis of differences in morphology and
enzyme activities and further cultured in complete medium in a

humidified incubator in an atmosphere of 5% C02:95% air.

The plating efficiency was determined in duplicate cultures by
seeding 500 cells/petri dish (100 mm) in 10 ml of complete

medium and'dividing the number of individual cell colonies by
the number of seeded cells after a culture period of 14 days .

Cell growth and cell size were determined in a Coulter Counter
Model ZM (Coulter Electr. Hialeah, Fla.) u51ng Coulter
Callbratlon Standard P.D.V.B. latex beads.

Cell morphology was studied in subconfluent cultures after
fixation with ethanol and staining with Giemsa solution (10%,

20 min).

Cytoskeleton and extracellular matrix

Microfilaments were visualized in paraformaldehyde (PFA)-fixed
(3.5% in PBS, 20 min, 4° C) and Triton x-100-treated (0.2%,

10 min) cells. TRITC-labelled phalloidin (kindly provided by
T. Wieland, MPI, Heidelberg, FRG) was added to cells at a
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concentration of 0.5 ug/ml. Twenty minutes later the cells
were washed with distilled water and examined in a Zeiss
fluorescence microscope. Fibronectin was labeled in PFA-fixed
cells with an antibody raised in rabbits against human plasma
fibronectin (Sigma) and FITC-labelled goat antirabbit IgG
(Nordic, Tilbury, DK). Micrographs were taken using Kodak
Tri-X-film.

Alkaline phosphatase (ALP) activity
Specific ALP activity was determined quantitatively in cell

lysates, and enzyme-histochemically in paraformaldehyde-fixed
cell cultures. Immunohistochemical detection of ALP was
carried out ip ethanol-fixed cell cultures using a polyclonal
rabbit antibody to the bone-liver-kidney-specific isoenzyme of
ALP (41) and horseradish peroxidase-labeled goat antirabbit
IgG. 4-Chloro-l1-naphthol (0.04% in 50 mM Tris, pH 7.6) was
used as substrate. The procedures have been described in

detail elsewhere (42).

Retroviral expression
The expression of viral protein and infectious virus particles

was examined as described elsewhere (42).

Soft agar test
Colony formation of the cells in slim-solid soft agar medium

was determined as described in detail by Lloyd et al. (43).

Tumorigenicity assay

Tumorigenicity of the 5 clonal cell culture sublines was

studied in newborn and 6-8 week-o0ld BALB/c mice. 4x105,

10° and 2x10° cells, respectively, were injected

subcutaneously in the dorsal region. The animals were checked
on 6 days of the week. Mice were killed and autopsied when
tumors were detected macroscopically or.at the end of the
observation period. Tumors and organs wefe processed for
microscopic examination by standard techniques. In addition a
transplant line (T 79) was established from the primary
osteosarcoma in BALB/c mice by serial i.m.. injections of

minced tumor tissue.



Electron microscopy
Cell cultures of the clonal sublines, and tumor tissue derived

from animals injected with cells of the clonal sublines, were
fixed in cacodylate-buffered glutaraldehyde (3%) followed by
chrome-osmium, and embedded in Epon. Thin sections were
stained with uranyl acetate and lead citrate, and examined in

a Zeiss EM10CR electron microscope.

DNA analysis
High molecular weight DNAs were extracted from cells of the

clonal sublines, from transplant tumor tissue (T 79) and from
BALB/c embryonic tissue (E9) according to standard procedures.
Briefly, the épecimens were frozen and homogenized in ligquid
nitrogen, treated with pancreatic RNase and proteinase K and
extracted with phenol:chloroform:isoamylalcohol. After ethanol
precipitation and dialysis against 10 mM Tris-HC1

1 mM EDTA, the DNAs were digested to completion with an excess
of the indicated restriction endonucleases. The DNA fragments
were separated on 0,8% agarose gels, transferred to
nitrocellulose filters as described (44), and hybridized under
stringent conditions with a 32P-labelled probe (a 400
SmaI-Smal fragment, coordinates 6,6 - 7,0 kbp of Akv, specific
for ecotropic mouse provirus, kindly provided by Dr. U. Rapp,
Bethesda, MD..

RNA analysis
RNA was extracted by the guanidinium isothiocyanate method and

purified by sedimentation through a CsCl cushion according to
Chirgwin et al. (45). Slot blot analysis was carried out with
a Minifold II filtration device (Schleicher and Schiill,
Dassel, FRG) using Biodyne A nylon membranes (Pall, Glen Cove,
N.Y.). Total RNA was denatured (60 °C, 15 min., 0.9 M NaCl,
0.09 M Na-citrate, 7.4% formaldehyde) and 20 /ul aliquots
were applied to the filtration device under low pressure.
Blotting, immobilization, hybridization and deﬁybridization
were carried out as described previously (46). The

protooncogene probes and experimental details are given in
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Schén et al. (46). The v-Ha-ras probe (pHaSV-B59),
representing a 420 bp SmaI-Sall fragment (47), was kindly
proVided by Dr. R. Miller, EMBL, Heidelberg. The amount of
transferred mRNA was estimated by hybridization of the filters
with 32P—labelled (2.5x1080pm/ug) human actin sequences (p
Hac69) a gift from Dr. D. Gallwitz, Marburg (48). The
intensity of hybridization signals was quantified with an
ULTROSCAN XL laser densitometer (LKB) , programmed to provide

automatic peak integration.
RESULTS

Primary Tumor
A tumor with a diameter of 8 mm was observed macroscopically

in the right thigh of an 894 day-o0ld female BALB/c mouse. The
X-ray of the distal end of the right femur (Fig. la) showed
destruction of bone tissue by an irregular, dense tumor. An

additional spread of the tumor was visible at the proximal end

of the femur.

Histologically the tumor had the typical appearanée of an
Osteosarcoma, with some richly cellular areas (Fig. 1lb) and
some areas showing formation of bone by pleomorphic
osteoblast-like cells (Fig.lc). The marrow cavity of the femur
was completely filled with tumor tissue. The tumor invaded the
surrounding muscle and connective tissue at both ends (but
preferentially at the distal end). In addition numerous
nodules (diameter 2 to 7 mm) of metastatic osteosarcoma were

found in the lung.

Osteosarcoma cell cultures
Osteosarcoma tissue was removed aseptically and cut into small

"Pieces approximately 1 mm in diameter. Repeated trypsinization

yielded single cell suspensions which were seeded at a
concentration of 5x104 cells/cm2 in complete medium.

A confluent cell layer formed within 10 aays and exhibited
heterogeneous morphology. Most of the cells were mononucleated
and muitipolar. The cultures were interspersed with elongated

bipolar cells and a few bi- and multinucleated cells with a



large cytoplasm which accumulated in compact areas of
confluent cultures. The cell cultures were split in a 1:10
ratio and further cultivated until the 4th passage.

All passage-4 cells were positive for retroviral core protein
p30 expression and cell-free supernatant from the cell culture
was infectious for both NIH 3T3 mouse fibroblast cells and
CCL-64 mink epithelial cells, indicating production of
infectious ecotropic and xenotropic murine leukemia virus

particles.

Clonal sublines

Passage-4 cells were cloned by end point dilution in 96-well
tissue culture cluster plates. Thirty-six single cell colonies
were identifiéd, isolated from individual wells, and grown to
petri dish level. 5 clones, designated XK 7, K 8, K 12, K 14
and K 37, representative of the different cell types in the

original cell culture were selected.

The K 7 culture contained mainly fibroblast-like and spindle
shaped elongated cells, which exhibited criss-cross growth of
cytoplasmic extensions after reaching confluency. K 8 cells
showed predominantly epitheloid morphology with an apparent
inhibition of cell division after reaching confluence. K 12
Cultures consisted of large epitheloid and fibroblast-like
cells which aggregated in compact areas of the cell culture.
K 14 cells Qere'morphologically similar to those of K 12, but
were markedly smaller in both size and volume (in the spheric
state after trypsinization). The K 37 culture contained large
multipolar cells which developed stellate cytoplasmic
extensions after prolonged time in culture. The cells showed
inhibition of cell division at an early subconfluent state.

Plating efficiency and cell growth
The plating efficiency (P.E.) differed greatly in the clonal

sublines. The highest P.E. was found in K 7 cells (43.3 %).
K 8, K 12 and K 14 cells had a smaller P.E. with values of
19.8 %, 15.5 % and 23.9 %, respectively, and K 37 cells had a
P.E. of only 9.2 % (Tab. 1). Similarly, cell growth in the K 7

Culture exceeded that in the three clonal sublines K 8, K 12




and K 14, all of which had a similar proliferation rate.
Growth of K 37 cells was significantly reduced in comparison
to that of the other four sublines. The data are shown in Fig.

2

Alkaline phosphatase activity

ALP activity, which indicates osteogenic differentiation in
osteoblast-like cells (31, 41), was demonstrated enzyme
histochemically in situ in PFA-fixed confluent cell cultures.

The results are shown in Fig. 3 and Table 1. The enzyme
activity was distributed irregularly across the cultures. 2
particularly high activity was seen in densely packed cells in
compact areaé-of K 7 and K 12, and also in part in K 14, cell
cultures. K 8 éells showed a more evenly distributed ALP
activity with sharply defined patches of cells exhibiting
different levels of enzyme activity. In all cells with high
ALP activity the enzyme was preferentially located along the
cell membranes. In K 37 cells ALP activity was only noted in
small amounts in epitheloid cells. Quantitative analysis of
specific ALP activity showed a high enzyme activity in K 8, K
12 and K 14 cells of between 4.4 U/mg and 4.9 U/mg protein.
Smaller activities of 1.6 U/mg protein and 0.8 U/mg protein
were found in K 7 cells and K 37 cells, respectively. A
similar pattern of ALP activity was found in 3 week-o0ld soft

agar cell colonies (data not shown).

Immunohistochemical labeling of ALP with polyclonal antibody
to the bone-liver-kidney-specific ALP isoenzyme confirmed the
data obtained by the enzyme activity assay and provided
further evidence for the osteogenic origin of the cells

(Fig. 3).

Cytoskeleton and extracellular matrix _
The fluorescent patterns of the cytoskeleton showed partial
accumulation, and whorl-like structures of various sizes, of

actin microfilaments on the dorsal surface in K 7 and K 37
cells and to a lesser extent in K 8 cells. Remnants of long

actln -containing sheaths, together with diffuse matrices. of
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actin-containing material, were noted in all sublines. A
rather pronounced expression of irregularly oriented actin
microfilaments, together with submembraneous condensations of
brightly fluorescing material, was noted in K 14 cells. K 37
cells showed predominantly ruffles and flower-like aggregates
of polymerized structures, preferentially located in the

pseudopod-like cytoplasmic branches (Fig. 3).

Immunofluorescent staining of fibronectin revealed a strongly
labeled fibril network extending across the entire culture of
K 7 and K 14 cells. K 12 cells showed a lower expression of
fibronectin fibrils, restricted to intercellular spaces, and
K 8 cells a fibrillar pattern together with patchy aggregates
of fibril-related fluorescence. K 37 cells had only small
spots of cell-associated fibronectin and no intercellular

fibril network (Fig. 3).

Soft agar growth and tumorigenicity

Cells from all five clonal sublines gave rise to cell colonies
in semisolid agar medium. However the size and morphology of
the colonies varied considerably. After 14 days in culture K 7
and K 8 cells developed small compact colonies with little

variation in size, K 12 and K 14 cells large compact colonies,
and K 37 cells large, loosely packed colonies. None of the
soft agar colonies formed by these cells reached the size of
those observed after seeding 0S-5 cells, a permanent cell line
established from a radiation-induced mouse osteosarcoma which

was used as a control (49).

In a first in vivo experiment newborn BALB/c mice were
injected subcutaneously with 106 cells from the clonal
sublines which had been scraped off from the culture dish with
a rubber policeman. Four of the five clonal sublines formed
osteosarcomas, and very occasionally spindle-cell sarcomas,
with a mean latent period of 39 to 67 days after injection and
a mean diameter of approximately 6x10 mm (Table 2). K 7 and

K 14 cells showed a similar time of appearance of the tumors

(6-9 weeks) and cumulative tumor incidence. In contrast, K 8
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and K 12 cells formed slow-growing tumors (Fig. 4). K 37 cells

treated in the same way as cells from the other four clones
did not form detectable tumors within the observation period
of 84 days.

In order to study the tumorigenicity of K 37 cells further,
the cells were trypsinized and 2xlO6 or 4x105 cells,
injected into 30 6 to 8 week-0ld mice. At the end of the
observation period of 58 days K 37 cells had formed
polymorphic sarcomas with an incidence of 71% (20/28) after
injection of 2xlO6 cells, or 62% (18/29) after injection of
4x105 cells; the mean diameter of the tumors was 19x13 mm
and 12x9 mm, respectively (Table 2).

Metastatic nodules of osteosarcomas were found in the lungs of
at least some animals in all the groups in which tumors were
formed. The incidence of metastases, however, varied greatly
between 100% in K 7-injected mice and 12% in K l4-injected
mice (Table 2).

Electron Microscopy
The ultrastructural appearance of cells in the different cell

cultures was very similar. Cells were loosely associated,
occasionally forming close groups. Nuclei were mostly
irregular in outline with varying amounts of marginated
condensed chromatin and medium prominent nucleoli. The cell
cytoplasm contained a number of mitochondria, a fair amount of
often slightly dilated rough endoplasmic reticulum, and
varying numbers of secondary lysosomes, some with recognizable
remnants of C-type virus particles. All cell cultures
contained large numbers of, often atypical, C-type virus
particles, with the exception of K 37 cultures in which
particles were considerably fewer and all of classic type.

The transplant tumors from K 7, K 8, K 12 and K 14 were also
very similar with marked osteogenic features. Transplant
tumors from K 37 were not investigated. The cells had the
appearance of osteoblasts. or osteocytes, with spindle-shaped
irregular nuclei containiné varying amounts of marginated and
clumped condensed chromatin and medium prominent nucleoli.
Cytoplasm was often scanty containing a high proportion of
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dilated rough endoplasm reticulum, together with

mitochondria, occasional lyosomes and lipid vacuoles and, very
rarely, glycogen. Cells were surrounded by large amounts of
osteoid and mineralized bone substance often in the form of
lacunae. All tumors contained large numbers of, often
atypical, virus particles (Fig. 5).

There were no osteoclasts or osteoclast-like cells’in,any of

the cell cultures or transplants.

Acquisition of new proviruses
The EcoR1l pattern of the DNA from all specimens hybridized

with an ecotropic specific virus probe showed a common band of
19.5 kb. This band represented the ecotropic endogenous
provirus of the BALB/c mouse as shown by the single ecotropic
provirus-containing fragment found in genomic DNA from the
BALB/c embryo ES. Various additional provirus-containing
fragments were found in the different sublines and also in the
DNA from a transplant tumor line established from the original
osteosarcoma, indicating the occurrence of additional provirus
integration events at independent sites in the different
sublines and the transplanted tumor (Fig. 6). The DNA from K
12 and K 37 cells showed a similar pattern of virus
integration after EcoRI digestion. In order to characterize
viral-integration in these two cell lines further, the DNA was
digested with a second restriction enzyme. SacI-digested DNAs
from K 12 and K 37 cells also showed similar virus integration
patterns (data not shown) indicating that these two cell lines
have additional proviral sequences intégrated at the same

sites.

Protooncogene expression

Protooncogene expression in the five clonal sublines from the
spontaneous osteosarcoma is shown in Fig. 7. C-myc expression
was very low in K 7 and K 8 cells, a moderate expression was
found in K 12 and K 14 cells and a high é—myc expression in

K 37 cells. All clonal sublines showed expression of c-fos
oncogene. K 7, K 12 and K 37 cells expressed similar levels of

Cffos, K 14 cells a clearly higher expression, and K 8 cells
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the highest expression exceeding that of K 14 cells by a
factor of 2. Expression analysis revealed very low Ha-ras

signals. Expression of c-sis and c-Ki-ras was not detected.

DISCUSSTION

The experiments described here demonstrate the heterogeneity
of clonal cell cultures isolated and established from a
primary mouse osteogenic sarcoma. The five cell clones which
were investigated in detail were selected from 28 cell clones
on the basis of differences in morphologiczl appearance and
the presence or absence of alkaline phosphatase expression.
The expression of this enzyme, regarded as a hallmark molecule
for osteogenic cells (31), is closely associated with an
epitheloid-polygonal shape of both primary (30, 42, 50, 51)
and immortalized (52-55) osteoblast-like cells in culture. The
neoplastic cells in clones K 7 and K 14 had the morphological
properties of transformed cells as well as high ALP levels,
indicating the maintenance of differentiated, functions in the
transformed state. The result of immunohistochemical labeling
of the cells with the specific antibody to the B-L-K-isoenzyme
of ALP was consistent with that obtained by enzyme
histochemistry and suggests nidation of the mature enzyme in
the cell membrane as found in normal differentiated
osteoblasts in culture (42, 55). The production of collagen
fibres, shown representatively for K 14 cells, and the
formation of differentiated osteogenic tumors in syngeneic
mice, further support the identification of the cells as
neoplastic osteogenic cells. The K 37 cells, which lacked
significant ALP activity, formed undifferentiated polymorphic
sarcomas. Thus the expression of osteogenic traits in vitro,
indicated by ALP as a marker, mirrored the different

Properties of the osteosarcoma cells in vivo.

One of the primary effects resulting from transformation by an

" oncogenic virus is the abrogation of expression of

differentiated phenotypes. This has been shown for
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virus-transformed myoblasts (56, 57), melanoblasts (58, 59)
chondroblasts (60, 61) and fibroblasts (62, 63). Osteogenic
tumors and cell lines established therefrom appear to provide
an exception to this rule. Such cell lines are capable of
expressing a variety of differentiated functions together with
the morphologically and functionally transformed phenotype
(53) . The general validity of this observation was confirmed
by the results described here. In addition to relatively high
levels of ALP activity, four of the five clonal cell lines
formed a considerable amount of fibronectin. These data
contrast with previous findings in which decreased levels of
fibronectin were observed in cell cultures transformed by
oncogenic viruses or derived from tumors (64-66), and
particularly low fibronection levels were found in metastatic
tumor cells (67), indicating the decreased adherence of
transformed cells to their surrounding substrate (68). Our
findings are a further indication of the special properties of
transformed bone cells which retain the ability to produce
large amounts of collagenous and non-collagenous pericellular
matrix proteins.

Partial depolymerization, and dot-like organization of the
cell cytoskeleton, was a consistent pattern observed in the
five subclones. These findings confirm the close association
between acquisition of the neoplastic phenotype and
actin-depolymerization and loss of actin-containing sheaths,
which has been observed in transformed mouse and chicken
fibroblasts (67, 69-71).

Taken together the results describing morphological and
functional parameters in the different cultures indicate the
presence of neoplastic clones which show osteogenic
differentiation, but with a wide variability in the extent to
which this is expressed. The observations are consistent with
the stem cell concept of tumor initiation (3, 72) in which the
neoplastic event is considered to take place in a committed

osteogenic stem cell.

Recently we reported the presence of additional retroviral
sequences in radiation-induced osteosarcomas, and the absence
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of such sequences in non-tumorous tissue, suggesting a
critical involvement of retroviruses in tumorigenesis (28). It
is known that the integration of additional viral DNA into the
cellular genome can directly damage genes (73, 74) or bring
them under the control of powerful regulatory elements present
in the viral genome (75). Southern analysis revealed the
presence of additional proviral seqguences in the clonal
sublinés. In addition there was a high expression of
infectious virus particles in both the cell lines and the
tumors which they formed. The enhancer and promoter containing
sequences newly integrated in the neoplastic clonal cell
lines, might play an initiating or supporting role in the
generation of genetic instability during the "self renewal"
period (2, 6). Equally they could render the cells
increasingly susceptible to proliferation-inducing signals in
the course of tumor progression. (21, 76). A third
possibility, insertion of viral promoters near cellular
protooncogenes (77-79), seems unlikely: enhanced expression of
c-myc was only found in K 37, of c-fos only in K 8 and K 12
cells. Further, new fos-containing fragments were not observed
in the restriction enzyme analysis of the DNA from the five
clones (data not shown). Although this does not rule out the
insertion of viral promoters near cellular oncogenes other
than those investigated here, enhanced expression of a host
DNA-coded dncogene by retrovirus promoter insertion does not
appear to be the predominant mode of action of retroviruses in
mouse osteosarcomagenesis.

Conflicting results were obtained in the in vivo assay with
respect to the tumor incidence in syngeneic mice. When K 37
cells were scraped off from the culture dish and injected
subcutaneously, they did not form tumors. In contrast, after
dissociation of entire cells with trypsin, tumor growth was
observed in 78% to 93% of the injected animals. This
discrepancy was very likely due to damage of the particularly
large K 37 cells (Table 1) during the sctaping procedure
resulting in the reduction of the number of viable cells in
the inoculum by more than 90%. As shown by the proliferation

kinetics of the cells in culture, K 37 cells grew
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significantly more slowly than those of the other subclones,
even though a logarithmic growth rate was observed until day 8
of the culture. These data are consistent with the idea that a
threshold number of cells in the inoculum is necessary to
initiate tumor growth, a requirement which may have not been

fulfilled in the first tumorigenicity assay.

The clonal sublines showed marked differences in their
metastatic potential. However, these data could not be
attributed to particular functional properties of the cells,
such as plating efficiency, matrix production or degree of
osteogenic differentiation, or to the expression of a distinct
cellular oncogene. We have recently shown for several |
osteosarcoma cell lines, including the 0S-50 cell line from
which the above subclones were selected, that migration
towards fibroblast-conditioned medium and invasion through a
reconstituted basement membrane can be inhibited by human
leucocyte and mouse fibroblast interferon (80, 8l). We are
Presently studying the response of the above cell clones to
various inhibitors of tumor cell migration, and their invasion
of basement membranes.

In summary the results show the heterogeneity of cell clones
derived from a single primary tumor. Such osteogenic
neoplastic clones provide a further means of studying the
influence and importance of various factors on and for

tumorigenesis.

ACKNOWLEDGEMENTS

The expert technical assistance of C. Baumgartner-Decker,
M. Biskup and L. Rieke is acknowledged. This work was
supported by grant CNR Progetto Finalizzato Oncologia

n. 86.00621.44.




- 17 -

REFERENCES

l.

2.

10.

1Y,

12,

13.

14.

Dexter, D.L., and Calabresi, P. Intraneoplastic diversity.
Biochim. Biophys. Acta, 695: 97-112, 1982.

Nowell, P.C. The clonal evolution of tumor cell
populations. Science, 194: 23-28, 1976.

Mackillop, W.J., Ciampi, A., Till, J.E., and Buick, R.N. A
stem cell model of human tumor growth. Implications for
tumor cell clonogenic assays.

J. Natl. Cancer Inst., 70: 9-16, 1983.

Fialkow, P.J. Clonal origin of human tumors.
Biochim. Biophys. Acta, 458: 283-321, 1976.

Vogelstein, B., Fearon, E.R., Hamilton, S.R., and
Feinberg, A.P. Use of restriction fragment length
polymorphisms to determine the clonal origin of tumors.
Science, 227: 642-644, 1985.

Nowell, P.C. Tumors as clonal proliferation.
Virchows Arch. B. Cell Path. 29: 145-150, 1978.

Kendal, W.S., and Frost, P. Genetic instability and tumor
progression. Pathol. Immunopathol. Res., 5: 455-467, 1986.

Isaacs, J.T., Wake, N., Coffey, D.S., and Sandberg, A.
Genetic instability coupled to clonal selection as a
mechanism for tumor progression in the Dunning R-3327 rat
prostatic adenocarcinoma system.

Cancer Res., 42: 2353-2361, 1982.

Fialkow, P.J. Clonal origin of human tumors.
Ann. Rev. Med. 30: 135-143, 1979.

Heppner, G.H. Tumor heterogeneity.
Cancer Res., 44: 2259-2265, 1984,

Hamburger, A.W., and Salmon, S.E. Primary bioassay of
human tumor stem cells. Science, 197: 461-463, 1977.

Dexter, D.L., Kowalski, H.M., Blazar, B.A., Fligiel, 2.,
Vogel, R., and Heppner, G.H. Heterogeneity of tumor cells
from a single mouse mammary tumor.

Cancer Res., 38: 3174-3181, 1978.

Cifone, M.A., and Fidler, I.J. Increasing metastatic
potential is associated with increasing genetic
instability of clones isolated from murine neoplasms.
Proc. Natl. Acad. Sci. USa, 78: 6949-6952, 1981.

Henson, D.E. Heterogeneity in tumors.
Arch Pathol. Lab. Med., 106: 597-598, 1982.




lsl

16.

17.

18.

19.

20.

21,

22

23.

24.

25

26.

- 18 -

Hager, J.C., and Heppner, G.H. Heterogeneity of exprgssion
and induction of mouse mammary tumor virus antigens in
mouse mammary tumors. Cancer Res., 42: 4325-4329, 1982.

Calabresi, P., Dexter, D.L., and Heppner, G. Clinical and
pharmacological implications of cancer cell

differentiation and heterogeneity.
Biochem. Pharmacology, 28: 1933-1941, 1979.

McCulloch, E.A., Abnormal myelopoietic clones in man.
J. Natl. Cancer Inst., 63: 883-892, 1979.

Dexter, D.L., Lee, E.S., DeFusco, D., Libbey, N.P.,
Spremulli, E.N., and Calabresi, P. Selection of metastatic
variants from heterogeneous tumor cell lines using the
chicken chorioallantoic membrane and nude mouse.

Cancer Res., 43: 1733-1740, 1983.

Dedhar, S., Argraves, W. S., Suzuki, S., Ruoslahti, E.,
and Pierschbacher, M.D. Human osteosarcoma cells resistant
to detachment by an Arg-Gly-Asp-containing peptide
overproduce the fibronectin receptor.

J. Cell Biol., 105: 1175-1182, 1987.

Amitani, K., and Nakata, Y. Characteristics of.

osteosarcoma cells in culture.
Clin. Orthopaed. Rel. Res., 122: 315-324, 1977.

Levy, J.A. The multifaceted retrovirus.
Cancer Res., 46: 5457-5468, 1986.

Ebener, U., Welte, K., and Chandra, P. Purification and
biochemical characterization of a virus-specific reverse
transcriptase from human osteosarcoma tissue.

Cancer Letters, 7: 179-188, 1979.

Welte, K., Ebener, U., and Chandra, P. Serological
characterization of a purified reverse transcriptase from
Osteosarcoma of a child. Cancer Letters, 7: 189-195, 1979.

zurcher, C., Brinkhof, J., Bentvelzen, P., and de Maan,
J.C.H. C-type virus antigens detected by
immunofluorescence in human bone tumor cultures.

Nature (Lond.), 254: 457-459, 1975.

Finkel, M.P., and Reilly jr., C.A. Observations suggesting
the viral etiology of radiation-induced tumors,
pParticularly osteogenic sarcomas. In: C.L. Sanders, R.H.
Busch, J.E. Ballon and D.D. Malum (eds.) Radionuclide
carcinogeneses. Unitet States Atomic Energy Commission,
PpP. 278-288. Oak Ridge, Tenn., USA, 1973.

Finkel, M.P., Reilly jr., C.A. and Biskis, B.O.
Pathogenesis of radiation and virus-induced bone tumors.
Rec. Res. Cancer Res., 54: 92-103, 1976

g



27.

28,

29.

30.

31.

32,

33,

34.

35.

36.

37.

_19_

Erfle, V., Hehlmann, R., Schetters, H., Meier, A., and

Luz, A. Time course of c-type retrovirus expression in

mice submitted to osteosarcomagenic doses of
24radiuml. Int. J. Cancer, 26: 107-113, 1980.

StrauB, P.G., Schmidt, J., Pedersen, L., and Erfle, V.
Amplification of endogenous proviral MulV sequences in
radiation-induced osteosarcomas.
Int. J. Cancer, (1988, in press)

Smith, H.S., Owens, R.B., Hiller, A.J., Nelson-Rees, W.A.,
and Johnston, J.0. The biology of human cells in tissue
culture. Int. J. Cancer, 17: 219-234, 1976.

Auf'mkolk, B., Hauschka, P.V. and Schwartz, E.R.
Characterization of human bone cells in culture.
Calcif. Tissue Int., 37: 228-235, 1985.

Rodan, G.-A. and Rodan, S.B. Expression of the osteoblastic
phenotype. In: W.A. Peck (ed.), Bone and mineral research,
Pp. 224-285. Ann. 2, Elsevier, Amsterdam, New York,

Oxford, 1984.

Hall, A. Marshall, C.J., Spurr, N.K., and Weiss, R.A.
Identification of a transforming gene in two human sarcoma
cell lines as a new member of the ras gene family located
on chromosome 1. Nature (Lond.), 303: 396-400, 1983.

Miller, R., Slamon, D.J., Tremblay, J.M., Cline, M.J., and
Verma, I.M. Differential expression of cellular oncogenes
during pre- and post-natal development of the mouse.
Nature (Lond.), 299: 640-644, 1982,

Cooper, C.S., Blaird, D.G., Oskarsson, M.K., Tainsky,
M.A., Eader, L.A., and Vande Woude, G.F. Characterization
of human transforming genes from chemically transformed,
teratocarcinoma, and pancreatic carcinoma cell lines.
Cancer Res., 44: 1-10, 1984.

Deschamps, J., Mitchell, R.L. Mejlink, F., Krujier, W.,
Schubert, D. and Verma, I.M. Protooncogene fos is
expressed during development, differentiation and growth.
Cold Spring Harb. Symp. quant. Biol., 50: 733-745, 1985.

Kaczmarek, L., Hyland, J.K., Watt, R., Rosenberg, M. and
Baserga, R. Microinjected c-myc as a competence factor.
Science, 228: 1313-1315, 1985,

Zimmermann, K.A., Yancopoulos, G.D., Collum, R.G., Smith,
R.K., Kohl, N.E., Denis, K.A., Nau, M.M., Witte, O.N.,
Toran-Allerand, D., Gee, C.E., Minna, J.D. and Alk, F.W.
Differential expression of myc family genes during murine
development. Nature (Lond.), 319: 780-783, 1986.



38.

319,

40.

41.

42.

43.

44,

45,

46.

47.

48,

= P20 =

Devare, S.G., Reddy, E.P.., Law, J.D., Robbins, K.C. and
Aaronson, S. Nucleotide sequence of the simian sarcoma
virus genome: demonstration that its acquired cellular
sequences encode the transforming gene product p28S1S,
Proc. Natl. Acad. Sci. USA, 80: 731-735, 1983.

Doolittle, R.F., Hunkapiller, M.W., Hood, L.E., Devare,
S.G., Robbins, K.C., Aaronson, S.A., and Antoniades, H.N.
Simian sarcoma virus oncogene, v-sis, is derived from the
gene (or genes) encoding a platelet-derived growth factor.
Science, 221: 275-276, 1983.

Stacy, D.W., DeGudicibus, S.R., and Smith, M.R. Cellular
ras activity and tumor cell proleferation.
Exp. Cell Res., 171: 232-242, 1987.

Majeska, R.J., Nair, B.C., and Rodan, G.A. Glucocorticoid
regulation of alkaline phosphatase in the osteoblastic
osteosarcoma cell line ROS 17/2.8.

Endocrinology, 116: 170-179, 1985.

Schmidt, J., Casser-Bette, M. Murray, A.B., Luz, A., and
Erfle, V. Retrovirus-induced osteopetrosis in mice.
Effects of viral infection on osteogenic differentiation
in skeletoblast cell cultures.

Am. J. Pathol., (1987, in press)

Lloyd, E.L., Gemmel, M.A., Henning, C.B., Gemmel, D.S.,
and Zabranski, B.J. Transformation of mammalian cells by
alpha particles. Int. J. Radiat. Biol., 36: 467-478, 1979.

Southern, E.M. Detection of specific sequences among DNA
fragments separated by gel electrophoreses.
J. Mol. Biol., 98: 503-517, 1975.

Chirgwin, J.M., Przybyla, A.E., MacDonald, J.M., and
Rutter, W.J. Isolation of biologically active ribonucleic
acid from sources enriched in ribonuclease.

Biochemistry, 18: 5294-5299, 1979.

Schén, A., Michiels, L., Janowski, M., Merregaert, J., and
Erfle, V. Expression of protooncogenes in murine
osteosarcomas. Int. J. Cancer, 38: 67-74, 1986.

Ellis, R.W., DeFeo, D., Mayak, J.M., Young, H.A. Shih,
T.Y., Chang, E.H., Lowy, D.R. and Scolnick, E.M. Dual
evolutionary origin for the rat genetic sequences of
Harvey murine sarcoma virus. J. Virol. 36: 408-420, 1980.

Moss, M., and Gallwitz, D. Structure of two human
beta-actin-related processed genes one of which is located
next to a simple repetitive sequence.

Eur. Mol. Biol. Organ, 2: 757-762, 1983



49'

20,

51.

52,

D3,

54.

55,

56.

57

58.

59'

60.

- 21 -

Erfle, V., Schulte-Overberg, S., Marquart, K.-H., Adler,
I.-D. and Luz, A. Establishment and characterization of
C-type RNA virus-producing cell lines from
radiation-induced murine osteosarcomas.

J. Cancer Res. Clin. Oncol., 94: 142-162, 1979.

Wong, G.L., and Kocur, B.A. Differential serum dependence
of cultured osteoclastic and osteoblastic bone cells.
Calcif. Tissue Int., 35: 778-782, 1983.

Robey, P.G., and Termine J.D. Human bone cells in vitro.
Calcif. Tissue Int., 37: 453-460, 1985.

Sudo, H., Kodama, H.A., Amagai, Y., Yamamoto, S., and
Kasai, S. In vitro differentiation and calcification in a
new clonal osteogenic cell line derived from newborn mouse
calvaria. J. Cell Biol., 96: 191-198, 1983.

Majeska, -R.J., Rodan, S.B., and Rodan, G.A. Parathyroid
hormone-responsive clonal cell lines from rat
osteosarcoma. Endocrinology, 107: 1494-1503, 1980.

Kodama, H., Amagai, Y., Sudo, H., Kasai, S. and Yamamoto,
S. Establishment of a clonal cell line from newborn mouse
calvaria. Jap. J. Oral Biol., 23: 899-901, 1981.

Schmidt, J., Casser-Bette, M., Rodan, G.2.,
Baumgartner-Decker, C., and Erfle, V. Bone tumor-inducing
retroviruses and osteoblastic cells in vitro: target cell
specificity and effects of viral infection. In: S. Hurwitz
and J. Sela (eds.), pp. 73-91, Recent Advances in
Skeletogenesis, Pergamon Press, 1987.

Holtzer, H., Biehl, J., Yeah, G., Meganathan, R., and
Kaji, A. Effect of oncogenic virus on muscle
differentiation.

Proc. Natl. Acad. Sci. USA, 72: 4051-4055, 1975.

Fiszman, M.Y. Morphological and biochemical
differentiation in RSV transformed chick embryo myoblasts.

Cell Diff., 7: 89-101, 1978.

Roby, K., Boettiger, D., Pacifici, M., and Holtzer, H.
Effects of Rous sarcoma virus on the synthetic programs of
chondroblasts and retinal melanoblasts.

Am. J. Anat., 147: 401-405, 1976.

Boettiger, D., Roby, K., Brumbaugh, J., Biehl, J., and
Holtzer, H. Transformation of chicken embryo retinal
melanoblasts by a temperature-sensitive mutant of Rous
sarcoma virus. Cell, 11: 881-890, 1977.

Pacifici, M., Boettiger, D., Roby, K., and Holtzer, H.
Transformation of chondroblasts by Rous sarcoma virus and
synthesis of the sulfated proteoglycan matrix.

Cell, 11: 891-899, 1977.



61.

62.

63.

64.

65.

66.

67.

68.

69.

10,

- 22 -

Yoshimura, M., Jimenez, S.A. and Kaji, A. Effects of viral
transformation on synthesis and secretion of collagen and
febronectin-like molecules by embryonic chick chondrocytes
in culture. J. Biol. Chem., 256: 9111-9117, 1981.

Arbogast, B.W., Yoshimura, M., Kefalides, N.A., Holtzer,
H., and Kaji, A. Failure of cultured chick embryo
fibroblasts to incorporate collagen into their
extracellular matrix when transformed by Rous sarcoma

virus.
J. Biol. Chem., 252: 8863-8868, 1977.

Setoyama, C., Liau, G. and de Crombrugghe, B. Pleiotropic
mutants of NIH 3T3 cells with altered regulation in the
expression of both type I collagen and fibronection.

Cell, 41: 201-209, 1985.

Hynes, R.O., Ali, I.U., Destree, A.T., Mautner, V.,
Perkins, -M.E., Senger, D.R., Wagner, D.D. and Smith, K.K.
A large plycoprotein lost from the surfaces of transformed
cells. In: A. Vahari, E. Ruoslahti, and D.F. Mosher
(eds.), Fibroblast surface protein, pp. 317-342. New York
Acad. Sci., New York, 1978.

Vaheri, A., Alitalo, K., Hedman, K., Keski-0Oja, J.,
Kurkinen, M. and Wartiovaara, J. Fibronection and the
pericellular matrix of normal and transformed adherent
cells. In: A. Vahari, E. Ruoslahti, and D.F. Mosher
(eds.), Fibroblast surface protein, pPp. 343-353. New York
Acad. Sci., New York, 1978.

Hynes, R.O. Cell surface proteins and malignant
transformation. Biochim. Biophys. Acta, 458: 73-101, 1976.

Di Renzo. M.F., Tarone, G., Comoglio, P.M. and Marchisio,
P.C. Organization of cytoskeleton and fibronectin matrix
in Rous sarcoma virus (RSV)-transformed fibroblast lines

with different metastatic potential.
Eur. J. Cancer Clin. Oncol., 21: 85-96, 1985.

Weber, M.J., Hale, A.H., and Losasso, L. Decreased
adherence to the substrate in Rous sarcoma
virus-transformed chicken embryo fibroblasts.
Cell, 10: 45-51, 1977.

Pollack, R. Osborn, M., and Weber, K. Patterns of
organization of actin and myosin in normal and transformed

cultured cells.
Proc. Natl. Acad. Sci., USA 72: 994-998, 1975.

Boschek, C.B. Organizational changes of cytoskeletal

proteins durlng cell tranformation.
Advances in Viral Oncology, 1l: 173-187, 1982.




71.

72.

13

74.

e

76.

717.

78.

79.

80.

81,

- 23 -

Marchisio, P.C., Cirillo, D., Teti, A., Zambonin-Zallone,
A., and Tarone, G. Rous sarcoma virus-transformed
fibroblasts and cells of monocytic origin display a
peculiar dot-like organization of cytoskeletal proteins
involved in microfilament-membrane interactions.

Exp. Cell Res., 169: 202-214, 1987.

Buick, R.N., and Pollack, M.N. Perspectives on clonogenic

tumor cells, stem cells, and oncogenes.
Cancer Res., 44: 4909-4918, 1984.

Varmus, H.E. Form and function of retroviral proviruses.
Science, 216: 812-820, 1982.

Schnieke, A., Harbers, K., and Jaenisch, R. Embryonic
lethal mutation in mice induced by retrovirus insertion

into the alpha 1(1) collagen gene.
Nature (Lond.), 304: 315-320, 1983.

Nusse, R. The activation of cellular oncogenes by
retroviral insertion. Trends Genet., 2: 244-247, 1986.

Duesberg, P.H. Retroviruses as carcinogens and pathogens:
expectations and reality. Cancer Res., 47: 1199-1220, 1987.

Hayward, W.S., Neel, B.G., and Astrin, S.M. Activation of
a cellular onc gene by promorter insertion in ALV-induced

lymphoid leukosis. Nature (Lond.), 290: 475-480, 1981.

Nilsen, T.W., Maroney, P.A., Goodwin, R.G., Rottman, F.M.,
Crittenden, L.B., Raines, M.A., and Kung, H -J. c-erb B
activation in ALV-induced erythroblastosis: novel RNA
proce551ng and promoter insertion result in expression of
an amino-truncated EGF receptor. Cell, 41: 719-726, 1985.

Nusse R., van Ooyen, A., Cox, D., Fung, Y.K.T., and
Varmus, H.E. Mode of proviral activation of a putative
mammary oncogene (int-1l) on mouse chromosome 15.
Nature (Lond.), 307: 131-136, 1984.

Melchiori, A., Allavena, G., BShm, J., Remy, W., Schmidt,
J., Parodi, S., Santi, L., and Albini, A. Interferons
inhibit chemotaxis of transformed cells and their invasion
of a reconstituted basement membrane.

Anticancer Res., 7: 475-480, 1987.

Aresu, O., Allavena, G., Melchiori, A., Parodi, S.,
D'Amore, E., Olivieri, G.B., Nicolo, G., Schmidt, J. and
Albini, A. Chemotactic activity "in vitro" and
transplantablllty in isogenic mice. of radionuclide-induced
murine osteosarcomas.

Boll. Soc. It. Biol. Sper., 63: 435—441, 1987.



- 24 -
FIGURE LEGENDS
Fig. 1

X-ray and histological appearance of the original spontaneous
osteosarcoma in an 894 day-old mouse.

a, X-ray of the right femur.

Destruction of bone and spread of dense tumor tissue is shown
at the distal, and to a lesser extent the proximal, end of the
femur.

b, Section through a richly cellular part of the osteosarcoma
with numerous mitotic figures.

c, Section tHrough a different area of the same tumor showing

bone formation'by pleomorphic osteoblast-like cells.
Figs 2.

Growth curves of clonal sublines established from the mouse

osteosarcoma. The cells were seeded into 2x2 cluster plates at

a density of 2xlO4 cells/well. Cell growth was determined on

days 1, 3, 5, and 8 post-seeding. A, K7; Vv, K 8;
O, K 12; H®, K 14; <O, K 37.

Mean of guadruplicate determinations + standard deviation.
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Fig. 3.

Actin microfilaments, extracellular matrix-fibronectin and
alkaline phosphatase in clonal sublines from a mouse
osteosarcoma.

a-d, K 7; e-h, K 8; i-m K 12; n-r, K 14; s-v, K 37.

a, e, i, r, s, fluorescence micrographs of
TRITC-phalloidin-labeled@ actin microfilaments. (x400).

b, £, k, o, t, immunofluorescence micrographs of fibronectin
(FN) . Subconfluent cells were treated with anti-FN followed by
FITC-conjugated goat antirabbit IgG. (x400).

Cr g, 1, P, u, light micrographs of immunohistochemically
labeled alkaline phosphatase. The cells were treated with
polyclonal rabbit antibody to the bone-liver-kidney-specific
ALP isoenzyme followed by incubation with peroxidase-coupled
goat antirabbit IgG. l-chloro-4-naphthol was used as
substrate. Note the membrane-associated localization of the
reaction product in the labeled cells. (x250).

d, h, m, r, v, enzyme histochemical detection of alkaline
pPhosphatase activity in formaldehyde-fixed cells. The cells
were incubated in naphthol-AS-MX-phosphate and fast blue BB
salt solution for 30 min. Note the prevailing membraneous
localization of the reaction product in ALP-positive cells.
(x125). .

Fig. 4.

Cumulative tumor incidence of clonal sublines established from
a mouse osteosarcoma. Newborn BALB/c mice were injected with
2xlO6 cells subcutaneously. Animals were killed when tumors
were detected macroscopically and tumor tissue was processed
for histological examination. H r K7; Vv, K 8;

A, K12; ¢, K 14.
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FPig. 5.

K 14 transplant tumor. Section ‘through an osteocyte surrounded
by osteoid and mineralized bone matrix. Large numbers of
pleomorphic C-type virus paricles lie adjacent to the cell and
trapped within osteoid.

Inset: virus particle budding from the cell surface.

Bar 2/um.
Fig. 5.

Newly acquired ecotropic proviral sequences in 5 clonal
sublines established from a spontaneous mouse osteosarcoma and
in the osteosarcoma tumor transplant line. DNA from the clonal
sublines K 7, K 8, K 12, K 14, K 37, from the tumor transplant
T79, and from a normal BALB/c mouse embryo (E9) was digested
with the restriction endonuclease EcoRI and the
electrophoretically separated DNA fragments hybridized to an
ecotropic specific probe. There is a 19.5 kb fragment
representing the ecotropic germline provirus of BALB/c strain
mice, in all DNAs (arrows). Several additional bands
indicative of newly acquired proviral seqguences are seen in

the clonal sublines and in the DNA of the osteosarcoma tumor

transplant.

Fig. 7.

Slot blot analysis of c-myc, c-fos, c-sis, c-Ki-ras and
c-Ha-ras protooncogene expression in 5 clonal sublines (see
Fig. 6 legend). K 7, KX 8, K 12, K 14, K 37, total RNA from
clonal sublines; cC, control’oncogene DNA; L, mouse liver DNA,
Left panel, equal amounts of total RNA were hybridized with
the oncogene probes; right panel, same és left, after
dehybridization and hybridization with a human actin probe.
The amount of cellular RNA was the same in all the samples
assayed as shown by hybridization of the same filteré with the

specific human actin probe.



*uotjezrursdiiy
I933Je STT®D 2y3 Jo aje3s oraayds ayjz ut P3UTWIS}9p SseMm I13j32wWeIp ayjy ‘e

C°LT Z°0 ¥ 870 + Z2°6 LE A

9°CT I°T ¥ 6°¥ + 6°€C PT M

S°VT 0°T ¥ ¥°¥ + S°ST ZT ¥

T°€T L0 F 9°F% + 8°6T 8 M

8°C1T £€°0 ¥ 9°1 + €°€9 L X

mas\v I232werq (urajoag buy/n) Ieby 3jog (%) KAousatorygm QUTT
TI®D uesap A31AT3DY g7V UuT yjimouin butqyetg TIT3D
BPUWODIPS033S0

osnoul snoauejuods wolj SdUTTQNS TRUOTD JO SDT3STId3DRIRYD OIJTA UT

r

T a1qey,

R AN A Y A v n oy



*STI®0 paztursdiil yj3tm pajoalur ai1sm STewTtue jTnpe
"YSTp 21N3TND dYy3 woiz jjo padeids STTaD YjTm pajoalur a1am STewrtue uiogqmau ‘e

6 XZT 0€ 89 62/8T 62/LT GO TXy

€ETX6T 8¢ 86 82/0¢2 8z/22 90 TXZ S}°3am g-9 LE A

v8 0T/0 0T/0 90T uroqsdau  Lg ¥

SX6 6€ EL 8/T 8/L 90T urogmau  pT y

8X0T S9 6L 6/¢€ 6/S 90T uzoqmau ¢T A

LX0T L9 9L 6/8 6/6 90T urogmdau g y
LX0T SP 0s TIT/T1 TT/TT 0T uroqmau L X M
(uur) 8z1g (sAep) poriag (sAep) potasg 2ouapTOUT pPa@3eTnoous u:wﬂmﬂomm.. SUTT !

iowng, uesay jusjer uesy UoT3eAIdSQQ S9sej31sSe]ap aoung, STTI®D 3O °*ON Jo aby 113D

9DTW o/gIvd
UT PwodIesoajlso snoauejuods woiy S9UTTQNsS TeuoTdD jJoO Terjuajzod OT3jejsejsejsw pue A3T1D0TUuabTioung,

p

¢ 9Tqey




X(Qu\{é{fr o W(

F ‘. ;‘j g . ’ |



105'

YIABWNAN 113D

DAYS



P (e

e







4—<« L N
>—p— IV/ /A
| VIV/ /
| \m-m-m-m\m= > % lv/
& / \ [
o <
m “E-E-B
: *-0-9-4-9
_. - ~T
i N
, i . . . . 4
o oo} o =N N
siown} YiIM S)|puwiiup

weeks after injection

Y770







B |
|
| m
- .
»_.
| |
| | !
O | ™~
i m )




