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Abstract—The rate of destruction of syngeneically transplanted rat ascites tumour
cells in BCG treated rats has been determined by monitoring urinary excretion of **°1
Sfrom ‘2°1UdR-labelled cells. Intraperitoneal injection of BCG 2 days before or
together with labelled cells prevented their growth butl did not accelevale loss of label
within a 6-day period. However, rats pre-treated 4-10 days previously with BCG
showed increased **°1 excretion immediately after cell injection. Other rats receiving
heat-killed or irradiated cells similarly showed accelerated loss of **°1, but this was not
consistently apparent until 24 hr after cell injection. These studies indicate that there is
a delay of several days after BCG administration into the tumour environmeni before
tumour cell destruction occurs, probably reflecting the time for local generation of non-

Kingdom

specific host responses.

INTRODUCTION

BCG NjecTED locally into the site of solid or
ascitic tumours may suppress their develop-
ment and current evidence indicates that both
non-specific and immunologically specific host
responses are involved in this destruction of
malignant cells [1,2]. Using the peritoneal
cavity as a model site, local non-specific host
responses generated by BCG have been eva-
luated in vitro by assessment of the cytotoxicity
of peritoneal exudate cells for cultured tumour
cells and in vivo by adoptive transfer of tu-
mour resistance (reviewed in [2—4]). These
approaches have demonstrated considerable
discrepancies in the responses to BCG-
stimulated peritoneal exudates since they are
generally highly cytotoxic i vitro for cultured
tumour cells whereas little or no m vive tu-
mour suppressive capacity is revealed when
these cells are injected together with tumour
cells [2]. The objective of the present study
was to determine more directly the rate of
generation by BCG of local host responses
capable of in vivo destruction of malignant
cells. For this, the kinetics of destruction of
cells of an ascitic rat hepatoma (D23As) have
been assessed in normal rats and in animals in
which tumour development is controlled by
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local, i.p., injection of BCG. The time of
commencement of cell death and the rate of
destruction have been monitored by following
urinary excretion of !'2°1 from !23TUdR-
labelled cells.

MATERIALS AND METHODS

Tumour

Hepatoma D23 was originally induced in
an adult male rat of the Department’s inbred
WAB/Not strain by oral administration of 4-
dimethyl-aminoazobenzene and maintained
by s.c. implantation in syngeneic rats of the
same sex [J]. Subsequently it was converted
to an ascitic form (D23As) and carried by
weekly i.p. passage of 107 cells [6]. Cells were
routinely harvested by peritoneal lavage with
Hank’s solution containing 5 U/m! of heparin.
This tumour is immunogenic, rats immunized
by repeated i.p. injection of radiation-
attenuated D23As cells rejecting i.p. challenge
with up to 5x 10° cells, although inocula of
10° cells will develop in untreated control
rats.

Cell labelling

One to four days after i.p. injection of 107
D23As cells, rats received three i.p. injections
of a sterile aqueous solution of 5-[!'2°I]iodo-2’-
deoxyuridine  (*?°IUdR) (Radiochemical
Centre, Amersham, Buckinghamshire,
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England) in three divided doses at 2-24hr
intervals to a total dose of 4-18 uCi/rat. Cells
were harvested by peritoneal lavage with he-
parinized Hank’s solution 6—48hr after the
final '?°IUdR injection. Alternatively, cells
were labelled in vitro by incubation of freshly
harvested cells at 37°C in tissue culture me-
dium 199 at a concentration of 4 x 10° D23As
cells/4 uCi *?°IUdR/ml for 2—4hr. In both
cases, labelled cells were washed 4 times in
Hank’s solution before in vivo injection. There
were no apparent differences in subsequent in
vivo behaviour between cells labelled in these
two ways. Levels of labelling varied from 10*
to 10° counts/min 107 D23As cells and all
radioactivity counts were carried out in an
LKB Wallac 80000 gamma counter.

Bacillus Calmette Guérin (BCG)

Freeze-dried BCG vaccine (percutaneous)
was supplied by Glaxo Research Laboratories,
Greenford, Middlesex, England. On recon-
stitution in water this vaccine contains 10 mg
moist weight of organisms per ml.

Experimental protocol

To assess the rate of in vivo destruction of
killed D23As cells, rats received labelled
D23As cells (5x10% to 4x107) heated in a
boiling water bath for 5min, or exposed to
15,000 rad ¢°Co y-irradiation. The rate of de-
struction in BCG treated rats was assessed in

animals receiving 0.5 mg moist weight of BCG
injected i.p. at the time of labelled cell in-
jection, or 2-10 days previously. In one test,
rats received BCG both 10 days before and at
the time of tumour cell injection. Animals
were subsequently housed in groups of 24 in
(“Metabowls™,
Jencons, Hemel Hempstead, Herts., England),
allowing separate collection of urine and fae-
drinking water containing (.19
sodium iodide. Urine was collected daily and
the amount of '?°T excreted expressed as a
percentage of injected activity with reference
to a retained aliquot of labelled cells. After 4—
6 days animals were returned to conventional
killed when moribund with ascitic
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tumour growth.

Figure | shows the rate of urinary excretion
of 12°1 from untreated rats injected i.p. with
frce '25TUdR, viable !2°1UdR-labelled cells
killed by
y-irradiation. '?°1 was excreted rapidly from
free 12°IUdR (Fig. la), 759, of injected ac-
tivity being recovered in the urine 24 hr after
injection. In contrast, only 15-209%; of label
first 24hr from
125TUdR-labelled
(5x10% to 4% 107 cells/rat) and this rate of
continued over the 4-day obser-
vation period (Figs. la—t). All of the rats
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receiving viable labelled cells subsequently
developed ascitic tumour growth after 10-20
days. Rats receiving killed cells showed acce-
lerated loss of label (Figs. 1a—f) although in
some cases (Figs. la,b,e) this was not ap-
parent until the second day after cell in-
oculation, the excretion of '2°I over the first
24 hr parallelling that from animals receiving
viable cells.

Figure 2 illustrates urinary excretion of '2°1
from labelled cells injected into normal and
BCG treated rats receiving 10° labelled cells,
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Treatment with BCG both 10 days before and
at the time of labelled cell injection did not
increase !?°1 excretion over and above that
seen only with treatment 10 days before

(Fig. 2¢).

DISCUSSION

The kinetics of i vive destruction of tumour
cells injected i.p. can be monitored by pre-
labelling cells with '>*TUdR and measuring
the in toto animal radioactivity or its urinary
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Fig, 2. Urinary excretion of '*°1 from normal, and BCG

treated rats injected i.p. with 10° viable *2>1UdR-labelled
D23As cells. BCG dose 0.5mg moist weight of organisms
injected i.p. 2—4 rats/group.

this being the maximum suppressible by BCG
treatment. Injection of BCG together with
tumour cells had no effect on the rate of cell
destruction with a 46 day period (Figs. 2a—
c). None of the BCG treated rats developed
ascites growths, in contrast to the untreated
animals, all of which developed tumours.
These findings indicate that active cell de-
struction does not take place within 46 days-
after local application of BCG and further
tests were therefore carried out with rats pre-
treated with the vaccine. Rats treated with
BCG 2 days before labelled cell injection
showed !'?°1 excretion only marginally dif-
ferent from untreated animals (Fig. 2f).
Treatment 4 or 10 days before tumour cell
injection, however, markedly increased the
rate of excretion of label (Figs. 2c—e).

excretion. The label is released from cells on
their death, its metabolites undergoing rapid
urinary excretion with minimal re-utilization,
so that the rate of loss of radioactivity is
proportional to the rate of cell death [7-11].
125].UdR may itself be toxic for cells, and
this technique is not therefore suitable for
determining the absolute rate of cell death in
vivo but only for comparing cell destruction in
normal animals with that in animals receiving
anti-tumour therapy, such as BCG. The growth
rate of labelled ascites cells in the present
work was comparable with that from un-
labelled cells suggesting that the toxic effects
are relatively small in this system.

In the present studies, accelerated loss of
label was seen from animals receiving cells
pre-killed by heat or y-irradiation. This, and
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the rapid excretion of label from free '2°1-

UdR indicates that re-utilization is small in
this animal system and that the rate of de-
struction and catabolism of cells may be fol-
lowed by this technique. When tumour growth
was suppressed by regional application of
BCG, however, there was no accelerated tu-
mour cell destruction within 4-6 days after
simultaneous injection of labelled cells and
BCG. In these experiments, the rate of ex-
cretion of 12°I from labelled cells in control
animals varied from experiment to experi-
ment, but rats treated with BCG at the same
time as labelled cell injection consistantly
showed identical excrction patterns as rats
receiving no treatment in three separate tests
(Figs. 2a—c). Animals pre-treated 4-10 days
previously, were, however, capable of im-
mediate destruction of tumour cells. This was
most clearly shown in animals pre-treated 10
days beforehand where therc was accelerated
loss of label in three groups of animals com-
pared with rats having no BCG treatment, or
treated on the day of challenge (Figs. 2¢—d).
These observations indicate that there is a
delay after regional BCG injection before host
responses become adequate to effectively de-
stroy malignant cells. These are probably lo-
cal, rather than systemic responses, since BCG
injected at other anatomical sites is unable to
suppress i.p. tumour development with the
model system used here [12]. These responscs
may be non-specific or immunologically
specifically directed against tumour associated
antigens. The weight of evidence indicates,
however, that non-specific responscs predo-
minate in this form of regional immuno-
therapy since tumour suppression is obtained
in immunosuppressed syngeneic animals and
in congenitally athymic nude mice [13-15].
In contrast, treatment of animals with agents
designed to impair phagocytic cell function
abrogates tumour suppressive properties of
regionally applied BCG for solid, s.c. tumour
growths [16—18] and ascitic tumours such as
that used in the present study [19]. Thesc
agents, e.g., silica and carrageenan, deplete
host phagocytic cclls, and it was originally
proposed that locally activated host mac-

rophages destroyed malignant cells in model
systems such as described here. In support of
this, peritoneal exudate macrophages from
BCG treated animals are cytotoxic for tumour
cells at least in in vitro assays, although their in
viwo effects on adoptive transfer are less clear
cut [20-22]. It is possible that in the present
system i.p. injected BCG produces mac-
rophages cytostatic for malignant cells and
that cytotoxicity does not develop for several
days. This would account for the failure to
detect cell destruction within the observation
periods when BCG and tumour cells were
given together. More recent observations, how-
ever, indicate that these agents designed to
deplete host phagocytic cells, may influence
other host responses [4] including the gen-
cration of normal killer (NK) cells {23], pro-
bably via their depletion of macrophages and
the precise nature of non-specific host res-
ponses destroying malignant cells at the site
of regionally applied BCG remains unresol-
ved. Certainly NK cells as well as activated
macrophages can be recovered {from the per-
itoneal cavity following local injection of BCG
or C. parvum [24-27] and, perhaps significant
in the present context, NK activity has been
reported to peak 34 days after a single i.p.
injection |24, 25,27] whereas cytotoxic phago-
cytic cells do not reach maximal limits for 14--
25 days, and experimentally they are most
frequently harvested after repeated i.p. in-

jection of BCG [28,29].

In summary, these studies demonstrate that
there is a delay of probably 4-6 days after
regional application of BCG before malignant
cell destruction is evident. This probably re-
flects the time needed for the generation of
local non-specific host responses. The tech-
niques developed here may be a useful ad-

junct to in vitro assays for determining the

time of appearance of eflective in vivo host cell
destruction of malignant cells in animals
undergoing immunotherapy.
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