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Natural Resistance Mechanisms May Play a Role in Protection

Against Chemical Carcinogenesis
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Summary. Mice deprived of B lymphocytes by the chronic
administration of anti-IgM antibodies have been shown to
possess a heightened natural resistance (NR) to micro-organ-
isms, to parental bone marrow, and to natural killer (NK)-sen-
sitive tumors in vitro and in vivo. Experiments described in this
communication indicate that the latent period of primary tumors
induced by the injection of methylcholanthrene (MC) is also
prolonged in these mice. This observation suggests that NR
mechanisms may provide protection against primary chemically
induced tumors.

Introduction

We have previously shown that mice deprived of B lympho-
cytes by chronic administration of anti-IgM antibodies possess
a heightened resistance to transplants of a methylcholanthrene
(MC)-induced tumor of recent origin [3]. Subsequent exper-
iments have disclosed that one consequence of the depletion of
B lymphocytes is a significant increase in natural killer (NK)
activity [4], another being a marked augmentation of other
parameters of natural resistance (NR), such as hybrid
resistance to parental bone marrow and resistance to infection
by intra- and extracellular parasites [5]. These observations,
along with a lack of demonstrable T cell-mediated immunity
against the MC-induced tumor, led us to believe that the
augmented NR was responsible for the heightened antitumor
activity of the anti-IgM-treated mice. The purpose of the
experiments to be described was to determine whether the
heightened NR of B lymphocyte-deprived mice could be
shown to affect the incidence of primary tumors elicited by the
injection of 3-MC.

Materials and Methods

Animals. (C57BL/6X C3H)F1 mice purchased from BioBreed-
ing Laboratories Ottawa, Ontario were used throughout this
investigation. Carcinogenesis was initiated by the injection of
3-MC in 7-week-old male mice. Assays of NK activity were
performed in animals of both sexes, at the ages indicated.

Anti-IgM-Mediated Suppression. The procedure for the pro-
duction of rabbit anti-IgM serum and suppression of neonatal
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Abbreviations used in this paper: MC, methylcholanthrene; NR,
natural resistance; NRG, normal rabbit serum pool; NK, natural killer
cell

animals has been previously described [10]. Briefly, serum
pools from 50--90 rabbits immunized with IgM derived from
Balb/c plasmacytoma MOPC 104-E were precipitated twice
with ammonium sulfate, and the final product obtained at 33%
saturation was dialyzed, centrifuged at 1000,000 g, and frozen
in small aliquots. A normal rabbit serum pool (NRG)
purchased from Pel Freez Biologicals, Inc. (Rogers, AR,
USA) was processed in an identical manner. Before use,
antibodies to mouse red cells were removed from both
preparations by absorption with rat and mouse erythrocytes
fixed with 0.5% glutaraldehyde. For suppression of neonatal
mice, 5-10mg of the serum preparation in a volume of
0.05-0.1 ml was injected within the first 2 days of life and
three times a week thereafter for the duration of the
experiment.

Mice treated with anti-IgM from birth by the above
procedure have been shown to be deprived of B lymphocytes
and of B lymphocyte functions. Analyses carried out on mice
up to the age of 20 weeks or Ionger included tests for surface
Ig-bearing cells by radioautography [20, 21}, and by the
fluorescence-activated cell sorter (P. De Baetselier and J.
Gordon, unpublished observations), for serum IgM by immu-
nodiffusion and by a radioimmunoassay (K. Abikar and J.
Gordon, unpublished work), and for the production of specific
antibody by immunization with sheep erythrocytes (K. Abikar
and J. Gordon, unpublished work). Other tests carried out on
mice up to 31 weeks of age included activation of cells in vitro
with LPS and immunization with a variety of antigens [10].
Mice used throughout these studies were defined as B
cell-deprived according to the above criteria. Some of these
mice possessed a variable, low level of serum IgG, which
probably represents secretion from long-lived cells and does
not have any bearing on the immunocompetence of these
animals (K. Abikar and J. Gordon, unpublished work).

The immunosuppressed status of the mice was routinely
confirmed at 5—6 weeks of age by assay of serum IgM and by
the detection of an excess of circulating rabbit anti-IgM
antibodies. Throughout this paper mice treated with anti-IgM
in this manner will be referred to as suppressed,
anti-IgM-treated, or B cell-deprived, interchangeably.

Mice treated from birth with NRG were normally used as
controls. They are referred to as NRG-treated or controls. In
some experiments non-treated mice were also employed, and
they are referred to as normal mice.

Tumor Induction. 3-Methylcholanthrene was used to induce
tumors according to the method of Klein et al. [15].
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Seven-week-old male mice weighing 15—20 g received 0.5 mg
MC dissolved in 0.1 ml trioctanoin oil by IM injection in the
right hind leg.

Tumors were measured three times weekly with calipers.
Mean tumor diameters were calculated from measurements in
two planes at right angles and were registered positive when
they exceeded 0.3 cm.

Assays of NK Activity. Assays were carried out with a tissue
culture line of the YAC lymphoma cells (YAC-]) used as
target. These cells were labelled by incubating 5 x 10° cells in
0.2 ml 100 uCi/mi Na,*'CrOy solution for 1 hout, followed by
three washes. Labelled target cells (1 x 10*) were mixed with
different numbers of effector cells in a total volume of 0.2 ml in
microtiter plates and incubated for 4—5 hours with rocking at 7
cycles/min. Each combination was assayed in triplicate and the
cytotoxic activity was expressed as percentage specific release
according to the formula:

CPM experimental — CPM spontaneous release 100
X .

Total CPM — spontaneous release

Each assay was carried out on pooled spleen cells from three or
four mice.

Statistical Analysis. Tumor incidence was computed for each
group of mice at different time intervals following adminis-
tration of the carcinogen. The data are presented as the
cumulative probability of mice remaining tumor-free at each
time interval, calculated from the tumor incidence by the life
table approach [7] according to the formula:

dx
X e —
d OX — Wx/2

where dx denotes the number of tumors which appeared
during the given time interval, ox the number of animals under
observation, and wx the number of withdrawals, i.e., the
number of mice that died during the same interval without
tumors. The statistical significance of the results was evaluated
by the life table test. Student’s ¢-test was used for the analysis
of results obtained in the NK assays.
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Fig. 1. NK activity of spleen cells from anti-IgM-treated mice (left
panel) was compared with that of NRG-injected controls (right panel).
The activity of the former is significantly higher, and unlike the latter,
it does not diminish with the age of the animals. Spleens from 7- (@),
12- (@), and 17- (&) -week old mice were assayed. The target cells
utilized were the YAC lymphoma, labelled with 5'Cr, at
effector-to-target cell ratios as indicated on the abscissa. Incubation
was for 4h. The extent of cytotoxicity (ordinate) is expressed as
percent specific 'Cr release

Results

The NK activity of B Iymphocyte-deprived and of normal
control mice is compared in Fig. 1. As can be seen, the activity
of the former group is augmented, and it is sustained in older
animals. This increased NK activity shown here against YAC-1
target cells was also demonstrable against several MC-induced
sarcomas, a spontaneous mammary carcinoma, and a mela-
noma [4].

Two experiments were carried out to study the incidence
of primary tumors in anti-IgM-treated mice injected with MC.
In the first, only 12 anti-IgM-treated and eight NRG-treated
animals were used. Although the difference in tumor incidence
between the two groups was not statistically significant, the
proportion of animals with tumors was lower among the
suppressed animals than among the controls throughout 100
days of observation. In the second experiment, in which 30
normal, 22 B lymphocyte-deprived and 20 NRG-treated
control animals were used, the tumor incidence among the
anti-IgM-treated animals was significantly lower than in the
two control groups (which did not differ from each other) up to
94 days after the initiation of the experiment, when all mice
developed tumors. Typically, tumor incidence 74 days after
injection of the carcinogen was three of 20 (14%) for the
anti-IgM-treated group, seven of 19 (37%) for the
NRG-treated mice, and 12 of 30 (40%) for the untreated
group; at 84 days the incidences in the three groups were five of
13 (38%), 13 of 18 (72%), and 22 of 30 (73%), respectively.
These data, computed as the cumulative probability of mice
remaining tumor-free, are shown in Fig. 2. The difference
between the anti-IgM-treated group and the two control
groups was significant at every time interval tested
(P<—0.01) up to 94 days after the injection of the
carcinogen.

Discussion

Despite the clear demonstration that among all experimental
tumors, those induced by chemicals are the most antigenic,
there is no evidence to indicate that the immune response plays
a protective role against these tumors in the primary host [1,
23]. Indirect evidence for such a role has been sought, but has
not been unequivocally obtained by attempting to show an
inverse correlation between the antigenicity and the latent
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Fig. 2. Thirty normal mice (M), 22 animals given 5 mg of a rabbit
anti-mouse IgM preparation by injection three times weekly from age 1
day (@), and 20 mice given equal amounts of normal rabbit globulin
according to the same schedule (A) received 0.5 mg methylcholan-
threne at 7 weeks of age. The data presented represent the cumulative
probability of mice remaining tumor-free at each time point illustrated,
calculated from the percent tumor incidence by the life-table
approach



period of chemically induced tumors [6, 14, 18, 24]. In a second
approach, the incidence of tumors was studied in thymectom-
iz\eq‘pind athymic nude mice. Although some reports claimed
an increased incidence of sarcomas and lung adenomas in
thymectomized mice [11, 19, 26], others failed to detect such a
difference [2, 16, 17]. No increase in the incidence or decrease
in latent period was seen in nu/nu mice compared with normal
nu/+ controls; in fact, a lower tumor incidence was recently
reported [9, 22, 25]. Thus experiments in both intact, and
athymic mice were unable to reveal the existence of immunity
against primary tumors. Natural resistance mechanisms have
been shown to provide some protection against transplantation
of small tumor inocula [12, 13], but again no clear evidence
exists to implicate its involvement against primary malignan-
cies. We approached this problem by examining the incidence
of primary, MC-induced tumors in anti-IgM-treated mice,
which we have shown to possess a heightened resistance to
transplantable MC-induced tumors [3], as well as augmented
NR mechanisms {4, 5] (Fig. 1). The results described in this
communication have shown that the latent period of primary
tumors in these mice is prolonged compared with that in
untreated and NRG-treated animals (Fig. 2). This difference
in latent period cannot be explained by altered nutritional or
growth characteristics of anti-IgM-treated mice slowing down
tumor growth, as the weight of these animals was comparable
to that of those in the two control groups. Elimination of B
lymphocytes also seems unlikely to remove the target cell for
carcinogenesis by MC either. Equally unlikely is a direct effect
on the tumor cells of the anti-IgM antibodies injected, as tests
to detect such antibodies were uniformly negative [4].
Furthermore, such antibodies, if present in the anti-IgM
preparation, would probably be natural antibodies also
represented in the NRG preparation, which was found not to
modify tumor incidence. Based on these considerations, we
view the prolonged latent period as due to an active resistance,
mediated by the immune system. Since anti-IgM-treated mice
have no B lymphocytes, and their T cell immunity is not
augmented [10], we suggest that the observed results are
another manifestation of the heightened NR displayed by these
mice. The failure of the heightened NR to modify the final
tumor incidence may be explained by the high dose of
carcinogen applied. This outcome is not unlike the one seen in
NR to bone marrow, which can be overcome with increasing
doses of parental bone marrow injected [8]. Alternatively, the
increased latent period observed may reflect the preferential
elimination of early tumors with high sensitivity to NR
mechanisms, and selection of resistant tumors which may have
arisen later. Further experiments are required to distinguish
between the latter possibilities.
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