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Immunological Resistance to Growth of
Tumours in Syngeneic Multiparous Mice

K. D. CHANDRADASA and R. M. R. BARNES
Department of Immunology, University of Liwerpool, England

Abstract—The hypothesis that BALB/c mice which have experienced a pregnancy
are rendered tmmune to a 3-methylcholanthrene-induced syngeneic tumour was tested by
direct tumour cell challenge of multiparous mice and by carrying out cell transfer assays
using purified T cells obtained from the spleens of multiparous mice. Control mice were
virgin BALBfc mice of the same age. The results showed that mice which have
experienced a single multiparous pregnancy are resistant to the growth of the tumour
MC677. In addition, it was shown that purified splenic T cells form multiparous mice
inhibited the growth of tumour following implantation of a mixture of tumour cells and
splenic T cells to normal recipient mice. Age-maiched virgin controls did not show
resistance to tumour growth following challenge nor were their lymphoid cells inhibitory
to tumour cells. These results demonstrate clearly that pregnancy in mice confers a
degree of transplantation resistance against the syngeneic tumour, MC677 and suggest
that certain membrane-expressed oncofoetal antigens are operative in resisiance against
tumours. They also provide support for a possible immunological link between the
observed decreased risk of breast cancer and early pregnancy in humans.

INTRODUCTION

CoNSIDERABLE interest has been generated
from the study of foetal antigens re-expressed
in tumour cells. Oncofoetal antigens are
phase-specific antigens which arise in foetal
tissue cells during embryonic development
and possibly perform important functions in
embryogenesis. The genes responsible for their
synthesis appear to become repressed in the
adult and hence these antigens are absent in
normal adult tissue cells [1-3]. Oncofoetal
antigens are a valuable group of tumour cell
markers but their significance would be grea-
ter if it could be shown that they contributed
in some degree to the immunological re-
sistance against nascent tumour formation and
development. Investigations by Moon [4] and
Medawar and Hunt [5] have shown a lower
incidence of tumours following pregnancy, or
pre-exposure to foetal tissues in rats or mice
and McMahon et al. [6] have shown a signi-
ficant decrease in the incidence of breast
cancer in women following pregnancy. The
present investigations were undertaken to seek
direct evidence for an immunological link
between the experience of pregnancy and
tumour rejection in mice.
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MATERIALS AND METHODS

These have been described previously [7, 8]
and only variations in technique are described
in detail.

Animals and tumour

Inbred BALB/c mice were used in all ex-
periments. Their origin and maintenance has
been described previously . [7]. Multiparous
mice were 23-3% months of age and had
given birth to a single litter of 3-10 young.
Tumour MC677 used in the following experi-
ments was induced in a female BALB/c mouse
by the subcutaneous (s.c.) injection of 3-
methylcholanthrene into the thigh muscula-
ture. A part of the first transplant generation
tumour was kept biofrozen in liquid nitrogen
and the tumour was propagated in the syn-
geneic strain. The use of this tumour in the
present experiments was confined to the first 5
transplant generations. MC677 is a mod-
erately immunogenic tumour and rejection
of up to 5x10° tumour cells is observed in
presensitized mice.

Preparation of tumour cell suspensions

Cell preparations were made from tumour
grown s.c. for 10-14 days. The cells were
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disaggregated in 0.29, trypsin, cultured :n
vitro for approximately 20hr, and harvested
by trypsinization prior to use in experiments,
This procedure removes tumour macrophages
and produces a highly viable single-cell sus-
pension of tumour.

Lymphoid cell preparations

Cell suspensions were incubated in Petri
dishes for 1hr in 5%, CO, in air at 37°C in
order to remove adherent cells. The recovered
non-adherent cells were treated with 0.89
NH,Cl in order to remove red cells. The
splenic T cell fraction was then separated by
elution from a nylon wool column as pre-
viously described [8].

Tumour cell challenge and transfer assays

A threshold dose of tumour cells which
grew progressively in a very high percentage of
implanted mice was first established. It was
found that cell doses of 10* or larger grew
progressively in 10/10 mice tested, whereas
only 6/10 mice formed tumours following s.c.
inoculation with 10? cells. Therefore 10* cells
were used for both tumour cell challenge as
well as for cell transfer assays. In transfer
assays tumour cells were mixed with purified
splenic T cells at ratios of 1:500 or 1:1000
and the mixture incubated at 37°C for Lhr
before inoculation into recipient mice. Each
mouse received 10* tumour cells with the
appropriate number of lymphoid cells in
0.1 ml of Hepes-buffered Eagles minimum ecs-
sestial medium s.c. into the flank.

Statistical evaluation of data

The delay in the appearance or absence of
tumours in experimental and control groups
of animals was recorded at various time in-
tervals and the proportion of mice in which
tumours had developed were compared. Data
were tested using Fisher’s Exact Test for 2 x 2
tables. Student’s ¢-test was used to compare
mean tumour diameters of the test and con-
trol groups. Levels of significance are shown
in the tables and where appropriate in the
text.

RESULTS

In the first experiment, BALB/c mice 2434
months of age which had produced a single
litter were given a challenge dose of 2 x 10*
tumour cells s.c. 7-12 days after the birth of
the litter. Age-matched virgin mice werc
given an identical challenge inoculum at the

same time and the development of tumours
was observed over a period of two months.
Tumour challenge with 2 x 10* MC677 cells
resulted in tumour formation in all 10 mice in
the test group as well as in all 10 controls.
There was a significantly decreased mean
tumour diameter in the test group as com-
pared to the controls (£<0.05). Ten days
after tumour challenge, the mean diameters of
tumours in the test and control groups were 1.0
+0.21 and 2.1540.46 respectively. A slight
delay was observed in the appearance of the
tumours, in addition to the smaller mean
tumour diameters in the test group at later
intervals.

Experiment 2 (Table | and Fig. 1) shows
that, of the 5 mice challenged with 10*
tumour cells, 3 rejected the tumour inoculum,
in contrast to the control group in which
tumour formation occurred in 5/5 mice. The
difference between the mean tumour dia-
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Fig. 1. Rate of occurrence of tumours in multiparous and age-

matched virgin control mice following s.c. inoculation of 10* MC677

tumour cells. Exp. 2—C = control group, D = test group. (P <0.05

atday 13.) Exp. 3—A = control group, B= lest group. (P <0.05
at day 15.)

meters of the test and control groups were
highly significant (P<0.001) on each of the
three intervals recorded. In each instance, the
mean diameter in the test group was smaller
than that of the controls. Furthermore, a
significant delay in tumour appearance was
observed in the test group compared to the
controls 13 days following tumour challenge
(P <0.05).

In experiment 3, a second group of 10 test
mice and 11 controls were challenged with
10* tumour cells. The development of tu-
mours, was obscrved and tumour diameters
rccorded at the intervals indicated (Table 1).
Table 1 shows that the time of appearance of
tumour 15 days following tumour implan-
tation was dignificantly delayed in the test
group compared to controls (P<0.05), with
only 4/10 mice in the test group showing palp-



673

Immunological resistance in syngeneic multiparous mice

Jueoyrusis jJ0u ¢N

auop 1ou (ON

SIP9 LL9DIN ,01 UM 28u[[eYDd [[20 anown |
‘dnoid ur pqunu [8301/SIN0WN) YITM IDTW JO JIQUINN] 4

— SN SN SN
aN 6I'TFEY 9.'0F60°¢ 190F#9°¢ s[00U0) TWAS F
N 88°0FCH¢ LOFSIT Z90FCTT snosednmy (wiw) xerowp
Jnownl EN@E
SN SN SN €0'0>d
11/01 11/01 11/01 11/01 s[onuoy)
01/8 01/8 01/9 o1/¥ snorednny sSInown)
,wO ouﬁoﬁmucﬂ
oF 1G g1 cl gdxiy
JaBuoreys amowms 1sod sde(y
— 1000>d 1000>d — 100'0>d - —
N 89 1F82°¢ £8°0F 62T aN POFel aN aN sjonuoyy WAS F
aN 960+ S0 €z 0F90 aN €3 0F90 aN aN snoredpny (wuwr) r39urerp
Jnouwnl Edwz
SN SN SN SN SN co0>d SN
¢/s /g ¢/c ¢/c ¢/c ¢/c ¢/ sjonuoyy
m\w m\m m\m m\m m\m m\ﬁ m\o SENQE:E sInowny
mO OQEQU_UEH
Vi 44 02 81 ¢l ¢l 01 dnoin g dxyq

loBuapeys anowny 3sod ske(y

aBuagpoyo amowny Fwamopjof s snosvduypnu wi sinown) fo 0L Yin04s puv uspuy 1 1quJ



674 K. D. Chandradasa and R. M. R. Barnes

able tumours as compared to 10/11 in con-
trols. However, at later times, this slow
growth rate in the test group, as evidenced
by mean tumour diameter, was not signifil-
cantly different from that of the controls.
Experiments 4 and 5 (Table 2 and Fig. 2)
show the results of transfer assays in which the
inhibitory activity on tumour development of
lymphoid cells' taken from mice that have
given birth to a single litter was studied.
Purified splenic T cells were mixed with tu-

8+
I
E
- 6
o
@
2
£ 5
5]
‘.6 o
v 4 /
é 3
2
s
@ 2
3
U L]
L4
o] 7 10 13 40

Days post cell transfer
Fig. 2. Rate of growth of tumours following transfer of 10*
MC677 cells together with 107 splenic T cells into normal mice.
Splenic T cell donors were multiparous (O Q) or age-matched
virgin mice (@ @ ). Each point is the mean tumour diameter
(mm)ineach group (14 mice per group). P <0.001 atdays7, 10 and
13. P<0.0001 at day 30.

mour cells at ratios of 500:1 and 1000:1 and
the cell mixtures inoculated into normal male
mice. Fach recipient was injected with 10*
tumour cells and the appropriate number of
lymphoid cells in 0.1 ml of medium s.c. into
the flank. Control splenic T cells were ob-
tained from normal age-matched virgin mice.
Table 2 shows that tumours developed in all
10 test and 10 control mice using a splenic T
cell: tumour cell ratio of 500:1. A signi-
ficantly decreased mean tumour diameter was
observed in the test group after 15 days
(P<0.05). Table 2 and Fig. 2 show the results
of a second transter experiment, in which a
splenic T cell: tumour cell ratio of 1000:1 was
used. The incidence of tumours in the two
groups showed a highly significant difference
at 7 days (P<0.001), when only 1/14 of the
test group, compared to 13/14 of controls, had
developed palpable tumour. At day 10, 14/14
controls had developed tumour but there was
no change in test mice. Although between
days 13 and 20 tumours became palpable in 5
further mice in the test group, the incidence
of tumours as compared to controls was signi-

ficantly different (£<0.01). No further tu-
mours developed over the next 20 days and it
was concluded that, in the 8/14 mice which
had not formed palpable tumours over the 40
days period observed, rejection of the tumour
had occurred. A comparison of the mean
tumour diameters also showed a highly signi-
ficant difference between the test and control
groups with a consistently decreased mean
tumour diameter on day 7 (P<0.001), day 10
(P<0.001), day 13 (P<0.001) and day 30
(P <0.0001).

DISCUSSION

These experiments show that the experience
of a single multiparous pregnancy in BALB/c
mice leaves them with a degree of immunity
which can significantly affect the development
of tumours following tumour cell challenge.
The anti-tumour immunity against a chal-
lenge inoculum was relatively small, as judged
by the criterion of resistance to tumour-
specific transplantation antigens of chemically-
and virally-induced tumours, but sufficient to
inhibit temporarily a threshold dose of tumour
cells following tumour challenge, and possibly
also to kill and destroy a proportion of the
injected cells. Although 5/15 mice in the test
group, compared to 1/16 of controls, failed to
develop tumours following challenge, this was
not found to be significant. However, taken
together with the delay in the appearance of
tumours in the experimental groups compared
to the controls in both experiments, and also
the highly significant difference in mean tu-
mour diameters between the two groups in
experiment 2, it is reasonable to conclude that
the increased tumour rejection observed in the
test groups was due to anti-tumour activity in
these antmals.

The demonstration of resistance to tumour
in multiparous mice was strongly
substantiated by the clear results obtained
in cell transter experiments. A cell mixture
containing 10* tumour cells plus 5 x 108
splenic T cells (500 times as many
splenic cells as tumour cells) when transferred
to normal recipients showed a significant re-
tardation of tumour growth. However, using
107 splenic T cells (1000 times as many
splenic cells as tumour cells) highly significant
suppression of tumour formation occurred in
the test group compared to controls. Only
3/14 test mice developed tumours after 13
days as compared to 13/14 controls after 7
day and the final incidence of tumours in the
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test and control groups was 6/14 and 14/14, a
highly significant suppression of tumour.

Previous work has shown that lymphoid
cells from multiparous mice, as compared to
age-matched virgin mice, were inhibitory to
tumour cells i vitro, and not to adult normal
cells [1, 2, 9]. On the other hand, the de-
monstration iz zive of resistance developing in
animals that have been presensitized to foetal
tissues has been wvariously reported. Thus,
resistance to tumour development could not
be demonstrated in some reports [10-12] where-
as successful demonstration of transplan-
tation resistance to tumours induced by pre-
sensitization with foetal tissue in mice, guinea
pigs and rats has been documented [13-16],
although in some experiments, sub-threshold
doses of tumour cells and large numbers of
animals were required [14]. Amongst possible
explanations for the difficulties and failures to
demonstrate resistance which have been sug-
gested [17], sensitivity of the techniques em-
ployed is an important consideration, and in
addition, the selection of the dose of tumour
cells used both for challenge and transfer, is a
critical factor, as shown in the present series of
experiments.

The importance of these findings relates not
only to resistance to appearance of nascent

tumours developed as a result of pregnancy
but also to the potential role of oncofoetal
antigens in immunotherapeutic measures.
Nascent tumours may be considered to de-
velop from foci consisting of very few tumour
cells and the presence of pre-existing im-
munity in mice having experienced pregnancy
could a role in inhibiting or retarding growth
of tumour cells, which carry oncofoetal anti-
gens, until host resistance to tumour-specific
transplantation antigens has developed and
the tumour focus overcome. Whether other
factors, in particular the hormonal cnviron-
ment, as suggested by other studies [4, 5] play
a part in host resistance remains an unre-
solved question. However, the present findings
go some way towards substantiating the role
of an 1mmunological mechanism in resistance
to tumour decelopment in multiparous mice
which 15 mediated by T cells. Since foetal
antigens appear to be re-expressed in all
tumours in which they have been investigated
this may have implications for human tu-
mours. The decreased risk of breast cancer
occurring in women who have undergone a
full-term pregnancy in early life [6] may
have, at least in part, an immunological
explanation.
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