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Squamous cell carcinomas were differentiated from papil-
lomas by gross morphological appearance and were verified by
random histological examinations. Spleens were aseptically
removed, weighed, finely minced, and cultured in oleic
acid-albumin agar for the presence of BCG. Spleen indices
were calculated according to the method of Simonsen (16).
Throughout this study, data are either individually presented
for each animal or are recorded as mean Â±S.E. of the group
responses. Wherever indicated, group means were compared by
Student's t test. All mice were examined at weekly intervals

over a 25-week period.

RESULTS

At no time did Group 1 mice develop tumors (Table 1).
After seven weeks of tumor promotion, 34% of the mice in
Group 2 (DMBA + croton oil) developed 5.2 Â± 0.5
tumors/tumor-bearing animal. Although the latency period (7
weeks) was the same in Groups 2 and 3, at all weekly
examinations Group 2 mice had a significantly greater number
(p < 0.001) of papillomas per mouse than did Group 3 mice
(Chart 1). By 25 weeks, all Group 2 mice had developed 16.3
Â±1.8 tumors/mouse. Similar observations of mice in Group 3
(DMBA + croton oÃ¼+ BCG) revealed that 23% of the animals
were tumor bearing, with a mean of 1.3 Â±0.2 tumors/tumor-
bearing mouse at 7 weeks. At 25 weeks, 77% were tumor
positive, with a mean of 6.0 Â±1.9 tumors/tumor-bearing

mouse (Table 1; Chart 1).
Five mice from both Groups 1 and 2, 5 BCG-treated mice

without tumors (Group 3A), and 5 of the BCG-treated mice
with the maximum number (9 to 46 papillomas/mouse) of
tumors (Group 3B) were footpad tested with PPD. Although
the animals in Group 3 B showed some reactivity to PPD, these
levels were significantly less (p < 0.001) than those observed
for Group 3A animals (Chart 3). These data, in addition to
other in vitro measurements for each animal, are summarized
in Table 2 and Chart 2.

Animals in Group 1 (DMBA) showed no significant
macrophage migration inhibition, with PPD as antigen. On the
other hand, Groups 3A and 3B were able to produce MIF in
response to PPD stimulation in vitro. However, the levels of
macrophage inhibition recorded for Group 3A tumor-negative

animals were at least qualitatively greater than those of Group
3B (Table 2). The degree of tumor-specific, antigen-induced
macrophage inhibition for Animal 4, Group 3A, was compara
ble to that induced with PPD (67 and 75%, respectively). For
Animal 3, (Group 3B), which was similarly tested, the levels of
macrophage inhibition effected with tumor antigen and PPD
were 8 and 28%, respectively.

The spleen index of the Group 3B mice exceeded that of
mice in Group 3A; Group 3 mice had spleen indices greater
than 1.30 [upper limits of normal as defined by Simonsen
(16)]. However, the spleen index of Group 2 mice (no BCG,
tumor positive) was 1.19.

Tubercle bacilli were cultured from all spleens of animals
given BCG injections, regardless of the presence or absence of
skin tumors. The spleens of the BCG-treated tumor-bearing
mice could not be histologically differentiated from those of
the BCG-treated tumor-free mice. There was no evidence of
septic splenitis in either group. Both sets of spleens histo
logically showed marked hypertrophy and hyperplasia of
lymphoid follicles (Table 2).

DISCUSSION

It has been suggested that the establishment and prolifera
tion of malignant neoplasms may result from the inability of
the host to recognize the tumor immunologically as foreign
and destroy it (5, 8). Experiments have shown that substances
that by themselves can cause cancer (complete carcinogens)
(21) and some substances that can act only to promote cancer,
such as croton oil (2, 20), are immunosuppressive agents.
Evidence indicates that both animals receiving carcinogens
(21) and tumor-bearing humans (11, 18) are at least partially
immunoincompetent. It was further demonstrated that an
immunostimulant such as BCG can act as both an immunopro-
phylactic and an immunotherapeutic agent against various
experimental and clinical cancers (10). Working with several
strains of mice and various tumors, Old et al. (13, 14)
theorized that the success of BCG as an immunoprophylactic
agent was directly related to the fact that the immunological
surveillance mechanism of the animals is enhanced by BCG.
The results of our experiments suggest that vaccination with
BCG or even the presence of tubercle bacilli in a host

Table 1
Effects of BCG on the promotion of skin tumors by croton oil in mice

TreatmentDMBA

initiation
at 0 time

Group(ftg)1

125
21253

125BCG0

timeNone

None1

(i.v.)(mg)6

wkNone

None0.25

(i.v.)Tumor

promo-wk

with follow
ingtreatmentNone

0.6 mg croton oil
2 times/wk

0.6 mg croton oil,
2 times/wkNo.

of mice
with papil-
loma/total
no. ofmice0/30

29/2923/30Response

after 25 wk ofpromotionTotal

no.
of papil
lomas/
group0

473137Mean

no. of
papil-

lomas"0

16.31 Â±1.82
(5-43)

4.57 Â±1.606
(0-46)No.

of
mice with

squamous cell
carcinomas0

116Total

no. of
squamous cell

carcinomas0146

0 Mean Â±S.E.; numbers in parentheses, group range.
bp< 0.001.
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Chart 1. The incidence of papillomas
(mean Â±S.E.) in mice as a function of
time during croton oil promotion. Group
treatments consisted of DMBA + croton
oil + BCG (â€¢)(30 mice) or DMBA +
croton oil ( Â» (29 mice).
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Chart 2. Mean footpad reactivity Â±S.E. to 2 Â¿igof PPD of
tumor-negative (â€¢)and tumor-positive (A) mice (Table 2, Group 3) at
22 weeks after the 2nd BCG injection. The DMBA mice (Â¿)were also
tested with PPD and served as negative controls.

following vaccination with BCG does not guarantee protection
against further cancer. It is only when the host is able to
demonstrate strong, cell-mediated immunological reactivity to
the tubercle organisms that some degree of protection against
cancer can be anticipated.

The higher spleen index in the BCG-treated tumor-bearing
mice (Group 3B) may be due to the inability of these mice to
destroy the tumors, although the tumors are recognized as
foreign. Therefore, the reticuloendothelial systems of tumor-
bearing animals were continually stimulated by the foreign
antigens (tumors?). An immunological defect may exist in
these animals at the efferent level of responsiveness.

In these studies, croton oil in addition to promoting the
development of papillomas and carcinomas could have
prevented, by its Â¡mmunosuppressive effect, the immuno-
stimulatory activity of BCG in mice with an intrinsically
greater susceptibility to croton oil-induced immunosuppres-
sion. Conversely, those mice able to resist tumor establishment
despite the immunosuppressive effect of croton oil were also
able to retain their reactivity to BCG, as demonstrated by the
footpad tests and MIF production in response to PPD.

Vaage et al. (22) reported macrophage migration inhibition
when peritoneal exÃºdate cells from mice previously sensitized
to fibrosarcoma were incubated with soluble tumor antigen
extracts from syngeneic mice with methylcholanthrene-
induced fibrosarcomas. These results correlate with ours,
which showed that sensitized Mouse 4 in Group 3A had far
greater macrophage migration inhibition and reactivity to PPD
and tumor antigen extract than did Mouse 3 in Group 3B,
which responded poorly to both PPD and tumor antigen
extract.

Although the presence of BCG organisms was demonstrable
within hypertrophied spleens of all BCG-treated tumor-bearing
mice, it was possible to evoke only a relatively weak
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Table 2
Â¡mmunologicalreactivity of control, tumor-free, and tumor-bearing mice

Measurements invivoGroup

TreatmentAnimal1

DMBA12345Mean

Â±S.E.2
DMBA +1croton

oil2345Mean

Â±S.E.3A
DMBA + croton1oil

+ BCG2345Mean

Â±S.E.3B
DMBA + croton1oÃ¼

+ BCG2345Mean

Â±S.E.No.

of
papillomas00000334337362534.8

Â±2.900000124611101017.8

Â±7.1Reactivity

to
PPD (mm X
10 at 24hr)0(t000NDÂ°NDNDNDND1097898.6

Â±0.5424433.4

Â±0.4Measurements

invitroInhibition

of
migration
(%)11004105.0

Â±2.4NDNDNDNDND737935678066.8

Â±8.360028101021.6

Â±10.6Relative

spleen
wt. (mg/10g

bodywt)324241515143Â±

4377(146604251Â±6961326914070101

Â±15173174135102174152+

14Spleen

index1.001.192.353.53

0 ND, not done.

immunological response to PPD in Group 3B mice. The results
of our experiments suggest that, in those animals showing
strong PPD sensitivity, BCG may have prevented tumor
proliferation through enhancement of the immunological
surveillance mechanism.

Conflicting clinical reports (3, 6, 7, 19) concerning the
efficacy of BCG vaccination for cancer immunoprophylaxis
and immunotherapy in humans may be resolved if, as our
experiments suggest, BCG is an effective immunoprophylactic
agent against cancer only as long as the host is able to mount a
strong, cell-mediated response to PPD and the tumor is
immunogenic.
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