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IMMUNOTHERAPY WITH IRRADIATED TUMOUR CELLS AND
BCG IN EXPERIMENTAL OSTEOSARCOMA

SvEN-ERIK LARSSON, RONNY LORENTZON & LENNART BoQuisT

Departments of Orthopaedic Surgery and Pathology, University of Umed, Ume4, Sweden

The effects of immunotherapy with irradiated tumour cells and BCG were studied
in a non-metastasizing variety of the Dunn osteosarcoma transplantable in mice.
Experimental animals which had been preimmunized with three injections of 0.7 to
1.4 x 10°%irradiated tumour cells each 1 to 3 weeks before administration of 1 x 10°
living tumour cells, showed a tumour incidence of 23 per cent. This was significantly
(P <0.005) lower than the 92 per cent tumour incidence in the control animals.
Non-specific immunotherapy with BCG given subcutaneously at a dose of 1.0 mg of
dry-weight bacterial mass three times at 3-week intervals was found to have no
protective effect against the osteosarcoma. The tumour incidence was 90 per cent
for BCG-treated and 94 per cent for control animals.

The osteosarcomas were studied light and electron microscopically and also with
regard to the histochemical alkaline phosphatase activity. No structural difference
was found between the tumours of the various groups.

The demonstrated immunotherapeutic response is in contrast to the low degree of

immunogenicity of the osteosarcoma, which we will report elsewhere.
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Studies of experimental osteosarcoma may give
valuable information, also from the clinical point
of view, although there are inherent difficulties in
animal models. In a previous study (Larsson et al.
1979), we have structurally characterized a
transplantable osteosarcoma, a tumour variety
obtained from the original Dunn osteosarcoma
(Dunn & Anderwont 1963). The more malignant
variant with metastatic potential shows striking
similarities with human osteosarcoma (cf. Ghanta
et al. 1978). There are also varieties of the Dunn
osteosarcoma which do not cause pulmonary
metastases. Because of their osteoid and alkaline
phosphatase production, as well as their his-
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topathological —appearance, these tumours
nevertheless fulfil the criteria for osteosarcoma
(cf. Urist et al. 1977, Larsson et al. 1979).

The Dunn osteosarcoma has a low degree of
antigenicity as reported by Ghanta et al. (1978).
Thus, even in mice preimmunized with
osteosarcoma cells pulmonary metastases occur
regularly after tumour implantation. No suppres-
sion of tumour growth could be observed upon
non-specific immunotherapy with C. granulosum
and C. parvum. As one of the factors which might
govern metastatic spread is the degree of an-
tigenicity, it was considered to be of interest to
examine the effects of immunotherapy with
irradiated tumour cells and BCG in animals
with the non-metastasizing type of Dunn
osteosarcoma. The light microscopical and ul-
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trastructural characteristics of the tumour are
also reported.

MATERIAL AND METHODS

1. Preimmunization with irradiated tumour cells. A to-
tal of 27 female CBA mice approximately 3 months old
were randomly divided into one control group of 13
mice, and one experimental group of 14 animals.
Tumour cell suspensions of the osteosarcoma described
previously (Larsson et al. 1979) were prepared by col-
lagenase treatment of minced tumour tissue in 1 per
cent Dulbecco’s medium at 37°C for 5 hours. The cells
were kept in Tyrode’s solution after washing three
times. Dead tumour cells were prepared by irradiating
cell suspensions with 15,000 rad ®°Co (125 rad/
minute). Suspensions of pooled dead cells from the
liver, kidney and spleen of normal CBA mice were pre-
pared in the same way as the tumour cells.

The experimental animals were preimmunized by
subcutaneous injections of 1.4, 1.4 and 0.7 x10° ir-
radiated tumour cells per animal, given 3, 2 and 1 week
before the subcutaneous administration of 1.0x10°
living tumour cells per animal. The control animals
were treated in parallel, receiving the same quantities of
irradiated pooled cells from liver, kidney and spleen
and the 1.0 x 10° living tumour cells per animal.

2. Immunotherapy with BCG (Bacillus Calmette —
Guérin). Freeze-dried Danish BCG vaccine* was in-
jected subcutaneously into 21 CBA mice at a dose of
1.0 mg of dry-weight bacterial mass in 0.2 ml of Sauton
solution. This procedure was repeated twice at 3-week
intervals. A control group of 18 animals was given
parallel injections of the Sauton solution with no BCG
added. Fourteen days after the last injection 1.3 x10°
living tumour cells per animal were administered sub-
cutaneously to all the experimental and control mice.

The occurrence of tumour was determined in both
experiments by palpation of each animal under light
ether anaesthesia at the site of the tumour cell injection
(dorsum). The examination was performed once a
week. After an observation period of 32 days all the
animals of the two experimental groups were sacrificed
and all the tumour tissue meticulously dissected out.
The wet weight of each tumour was recorded im-
mediately on a Mettler balance, using weighing bottles.
Thereafter, an autopsy of each animal was performed
and tissue which could be suspected to represent
metastasis was removed for histopathological examina-
tion.

* Obtained from Statens Seruminstitut, Amager
Boulevard 80, 2300 Copenhagen S, Denmark, by
courtesy of Dr. K. Bunch-Christensen.
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Light microscopy and histochemistry. Specimens taken
for light microscopic examination were fixed for 24
hours in 10 per cent neutral formalin. Paraffin embed-
ded sections were stained with haematoxylin and eosin,
van Gieson’s stain, periodic acid Schiff (P.A.S.), Laid-
law’s silver stain and phosphotungstic acid haematoxy-
lin. Histochemical demonstration of alkaline phos-
phatase was carried out on fresh frozen sections, using
the method described by Barka & Anderson (1963).

Electron microscopy. The specimens taken for ultra-
structural study were fixed in 2.5 per cent glutaral-
dehyde in 0.34 M Veronal acetate buffer adjusted to
pH 7.4, followed by postfixation in 1 per cent osmium
tetroxide in the same buffer. Embedding was carried
out in Epon 812, and thick sections stained with to-
luidine-blue were used for identification of suitable
areas for the thin sections which were stained with
uranyl acetate and lead citrate prior to examination in a
Siemens Elmiskop 1A or 101.

Statistical analysis. A Chi-square test was used.

RESULTS

1. Preimmunization with irradiated tumour cells.
One experimental animal died from an unrelated
disease and was excluded. Among the 13 control
animals, tumour occurred in 12, i.e. 92 per cent.
Three of the 13 experimental mice developed
osteosarcoma, i.e. 23 per cent. The difference
between the groups was statistically significant
(P < 0.005). The wet weight of the tumours is
shown in Table 1. Although the tumour incidence
in the preimmunized animals was considerably
lower than in the controls, there was no signifi-
cant difference as to tumour weight. None of the
animals had metastases.

2. Immunotherapy with BCG. Among the 18
control animals, osteosarcoma developed in 17,
i.e. 94 per cent. Tumour occurred in 19 out of 21
of the BCG-treated animals, i.e. 90 per cent. The
mean value of the wet weight of the tumour in the
BCG-treated animals was somewhat lower than
that of the controls (Table 1). The difference was
not statistically significant, however. There were
no metastases in either of the groups.
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Table 1. Incidence of osteosarcoma and tumour weights

Treatment Incidence P Tumour P

(per cent) weight

(gram)

Irradiated 23 2.83%+1.50
tumour cells P<0.005 n.s.
Controls 92 2.88+1.65
BCG given 90 1.49+1.27
subcutaneously ‘ n.s. n.s.
Controls 94 2.21+1.62

Light and electron microscopic and
histochemical findings

No obvious structural differences were found
between the tumours in the control animals on
the one hand and those in the animals subjected
to immunotherapeutic treatment on the other
hand. Nor were any obvious structural differ-
ences observed between the tumours in the ani-
mals preimmunized with irradiated tumour cells
and those subjected to immunotherapy with
BCG. Thus, all tumours showed a similar micro-
scopic appearance. Light microscopy disclosed
that the tumours were mainly composed of fibro-
blast-like cells which were irregular or spindle-
shaped. Their nuclei were irregular or oval and
exhibited one or more, fairly large, rather distinct
nucleoli. The nuclear membranes were distinct.
An average amount of moderately or lightly
staining cytoplasm was found. Generally these
cells exhibited a moderate degree of atypism and
an average number of typical and atypical mitotic
figures (Figure 1).

A sparse number of osteoblast-like cells were
found in the tumours. They were usually irregular
and possessed rounded, oval or irregular nuclei
and one or more moderately distinct nucleoli.
The nuclear membranes were distinct. The
cytoplasm was fairly well developed and lightly
stained. The cell membranes were rather indis-
tinct. Typical and atypical mitotic figures were
also found in this kind of cells, often in large
quantities.

Areas of necrosis or bleeding were frequently
observed in the tumours. Osteoid was seen in
sparse amounts, whereas no chondromatous tis-
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sue was present. Generally, the tumours posses-
sed a moderately rich vascularization. At the
periphery of the tumours there was often a dif-
fuse infiltrative growth into surrounding soft tis-
sues (Figure 2).

Alkaline phosphatase activity was revealed
histochemically in all tumours.

Electron microscopy verified the light micro-
scopic observations described above. In addition,
the ultrastructural studies disclosed that the
fibroblast-like cells possessed a rather prominent
rough-surfaced endoplasmic reticulum, and a
large number of free ribosomes. There was
slightly electron dense, flocculent material in
some cisterns of the endoplasmic reticulum. In
most fibroblast-cells the Golgi complex was
small. The mitochondria were moderately large
and often rounded or elongated. The cell mem-
branes were usually irregular.

The osteoblast-like cells exhibited a well-de-
veloped rough-surfaced endoplasmic reticulum,
often containing amorphous masses of low den-
sity. The Golgi complex was moderately de-
veloped. The mitochondria were small or
medium-sized and possessed distinct cristae and a
moderate matriceal density. Thin fibrils were
observed in many osteoblast-like cells, and in a
few cells there were bundles of such fibrils. Col-
lagen fibres were encountered extracellularly.

DISCUSSION

Tumour associated antigens not present in nor-
mal cells have been demonstrated in animal
neoplasms {Old & Boyse 1966, Hellstrom &
Hellstréom 1969) and in human tumours (Klein
1966, Hellstrom et al. 1968). The cell membrane
is the site of antigens associated with sarcoma
(Morton et al. 1969), and antibodies against
tumour cells have been demonstrated in
osteosarcoma patients. Treated osteosarcoma
patients showing no symptoms of disease for sev-
eral years carry high levels of cytotoxic antibodies
against the neoplasm (Morton & Malmgren
1968). The cytotoxic antibody levels were found
to be inversely correlated with the presence of
tumour.
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Figure 1. Photomicrograph of an osteosarcoma from a mouse subjected to immunotherapy with BCG, demonstrating
closely packed irregular, oval, or spindie-shaped tumour cells with moderate polymorphism. Mitotic figures are seen

(arrows). Haematoxylin & eosin x290.

Figure 2. Photomicrograph of an osteosarcoma from a mouse pre-immunized with irradiated tumour cells, dem-
onstrating infiltrative growth in fatty tissue. Haematoxylin & eosin x320.

BCG organisms (Mycobacterium tuberculosis
bovis of the strain of Calmette and Guérin) are
effective in causing an immune response by a
non-specific stimulation of the reticuloen-

dothelial system (Old et al. 1961). Therefore,
BCG has been administered to both tumour-
bearing animals (cf. Bansal & Sjogren 1973) and
humans (cf. Mathé et al. 1973). However, the
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anti-tumour effect of BCG is disputed.
Osteosarcoma induced in mice by radiostrontium
shows a weak tumour-specific antigenicity
{(Moore & Williams 1972). Nevertheless, we
could show that BCG treatment had no signifi-
cant effect on the occurrence of and the mortality
in *Sr-induced osteosarcoma (Larsson et al.
1977). The absence of an effect of BCG treat-
ment in the present study can be explained by the
very low antigenicity of the tumour which we
have demonstrated in a subsequent study
(Carlson et al., to be published).

The immunological defence against neoplasms
may involve thymus dependent lymphocytes
causing direct cellular killing and, furthermore,
non-specific, thymus independent lymphocytes
with antibody evoked cytotoxicity (cf. Perlmann
& Holm 1969). In most current work in experi-
mental tumour immunotherapy highly antigenic
tumours have been used and the results cannot
therefore be translated to man. Interestingly, a
specific immunotherapeutic response could be
evoked in the present study despite the very low
antigenicity of the tumour. Thus, in a subsequent
study we have shown that CBA mice bearing this
osteosarcoma do not develop detectable cell
mediated nor humoral immune response against
the tumour (Carlson et al., to be published). How-
ever, adult thymectomy affected both the tumour
occurrence which became significantly reduced,
and the cell mediated cytotoxic activity against
this tumour which became significantly increased
(Carlson et al, to be published). Thymosin
treatment of thymectomized mice restored both
parameters to the level of untreated animals but
did not affect nonthymectomized animals at all.
The results can be explained by a decrease in
T-lymphocyte suppressor activity induced by the
adult thymectomy (Monier et al. 1970).

The specific immunotherapeutic response
evoked by irradiated tumour cells in the present
study can not be readily explained in view of our
results described above. The metastasizing var-
iety of the Dunn osteosarcoma has low-grade an-
tigenicity and immunotherapy with irradiated or
living tumour cells does not evoke a detectable
specific response (Miller et al. 1976, Ghanta et al.
1978). Further studies of the complex cell
mediated and humoral factors involved in tumour
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defence may shed more light on the resistance to
neoplasms and the possibilities of
munotherapy.

im-
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