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Tumour Sensitization Obtained by Injection
of Antigenic Tumour Cells into the Caecal
Lumen of Syngeneic Mice*
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The Fibiger Laboratory, Copenhagen, Denmark

Abstract—Syngeneic viable malignant ascites cells inoculaied into the caecal lumen of
C3H mice afforded protection against a subsequent intraperitoneal graft of the same
tumor cells. Cell mediated as well as humoral-mediated immunity could be de-
monstrated by in vitro tests after lumenal wntracaecal (i.c.) inoculation of the ascites
cells. The immunity obtained by the i.c. route could be transferred to untreated animals
by tmmune spleen cells and by tmmune serum. The effect of immune spleen cells was
inhibited by treatment of the recipients with cyclophosphamide. In the presence of
antigen, adoptive transfer of spleen-cell-mediated immunity induced production of
specific antibodies. The spleen was not imperative for sensitization by the i.c. route.

INTRODUCTION:

THE GASTROINTESTINAL tract has an extensive
mucosal surface with the capacity to absorb a
variety of nutrient substances. In recent years
it has been recognized that the gut is an
importent lymphoid organ. Various types of
lymphoid cells are found in the mucosa of the
intestinal tract [1]. There is evidence that
antigen within the lumen of the gut can
stimulate an immune response [2—4].

Very little is known about the local im-
mune response from the gut to tumor cells.
However, by inoculating malignant cells into
the intestinal lumen of the rat Lund [5] found
protection against a subsequent tumor graft.
The present authors have also reported [6, 7]
that antigenic tumour cells injected into the
lumen of caecum of syngeneic mice caused
either protection against, or enhanced growth
of, a subsequent tumour graft, depending on
the state of the cells inoculated intracoecally
(i.c.).

Whether the immunity obtained by i.c.
immunization was by cell-mediated or by
humoural mediated factors, however, re-
mained an open question.

The purpose of the present study was to
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investigate the immunity leading to protection
against a subsequent isograft following i.c.
injection of the tumour cells.

MATERIALS AND METHODS

Eight- to ten-week-old inbred mice of the
C3H Fib strain were used in this work. The
animals were reared and kept under minimal
disease conditions with up to 10 mice in each
cage. The mice were maintained on a steri-
lized pellet diet and filtered water ad (ibitum.

The malignant cell line was derived from
cultures of C3H mouse lung fibroblasts which
had undergone spontaneous malignant con-
version and transformation during propa-
gation n vitro. From these cells an ascites
tumour (C3H-L 1/a) was established which
grew equally well in vivo and in vitro [8]. The
ascites cells have previously been shown to
possess isoimmunizing properties [6, 8, 9].

The caecum in the mouse represents a
convenient target for injection of cells; it is
relatively  large  and  quite  mobile.
Immunization by this route required a small
laparotomy of ether-anaesthetized mice. The
caeccum was drawn out of the abdominal
cavity and the desired number of cells, sus-
pended in a volume of 0.1'ml PBS, were
inoculated into the caecal lumen with a small
injection needle (27G x 1).

Serum was prepared from blood obtained
by retro-orbital bleeding. The blood was al-
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Table 1. Immune response to malignant ascites cells inoculated into the caecal lumen
of C3H mice
Indirect immuno-
Active protection test* fluorescence testt
No. of Survival for Fluorescent index

C3H-L 1/a cells Dead with tumour-takes Serum dilutions
inoculated i.c. tumours/group (x s days) 1:2 1:8 1:32
10% - 12/15 19.2+33 0.26 0.30 -0.08
106 - 13/15 22.0+3.3 0.57 041 0.10
107 - 1/15 0.79 0.74 042
108 - 0/15 092 092 084
0 but PBS 9/10 - 21.3+2.4
0 - 8/10 - 20.3+2.0 -

According to the Fourfold Table Test, groups receiving 107 and 108 cells twice by

i.c. differ significantly at the 99 per cent level from the other groups.

*Each mouse received two immunizing injections of C3H-L 1/a cells, separated by
an interval of one week, into the coecal lumen. Two weeks later they were

challenged with 5 x 105 C3H-L 1/a cells i.p.

TAntisera were prepared from blood samples withdriwn immediately before the i.p.

challenge.

lowed to coagulate at room temperature. The
clot was carefully detached from the glass and
removed by centrifugation. The serum was
stored at minus 70°C. After bleeding the mice
were killed by cervical dislocation. Spleens
and lymph nodes were removed and single
cell suspensions were prepared by scissoring
and further disruption in a loose-fitting glass
homogenizer. Lymphocytes from the intestinal
wall (caccum and the proximal part of the
colon) were prepared in the same way but,
before cutting, the tissue was washed carefully
in PBS. In the trypan blue dye exclusion test
more than 809; of the cells proved to be
viable.

Specific antibodies directed against the tu-
mour cell membrane were demonstrated by
the indirect immuno-fluorescence technique
[10],- using live cells as target cells. Staining
was performed with polyvalent fluorescein-
conjugated antimouse gammaglobulin, pur-
chased from Nordic, Holland.

The fluorescent index was calculated as (a—
b)/a, where a=the percentage of fluorescent
negative cells treated with normal control
serum, and b=the percentage of fluorescent
negative cells treated with the serum to be
tested [11].

The microcytotoxicity test [12] was carried
out in plastic plates No. 1480 from NUNC,
Denmark. Before use the plates were bathed
in absolute alcohol and sterilized by u.v. rays
for 30 min. Target tumour cells were pipetted
into the wells (100 cells/well)-in tissue culture
medium Fib 41B [8] containing 209 fetal calf
serum. After 20 hr of incubation at 37°C the

medium was decanted. Lymphocyte suspen-
stons were washed 4 times and added at
lymphocyte:target cell ratios of 50:1. The
plates were incubated for 42 hr at 37°C, after
which the medium with unattached cells was
decanted and the plates washed twice with
saline. Cells were stained with Giemsa and
the number of cells per well counted under a
microscope.

RESULTS

Table 1 shows the effect of different num-
bers of C3H-L/a tumour cells inoculated
twice, separated by an interval of one week,
into the caecal lumen. Injection of PBS con-
taining 10% -or 10® cells did not induce pro-
tection against an intraperitoneal (i.p.) graft
of the same cells 14 days later, whereas in-
jection of 107 and 108 cells intracoecally (i.c.)
provided a significant protection against the
later i.p. graft.

From Table 1 it is further seen that a dose-
dependent antibody response to i.c. injected
C3H-L/a cells was revealed by the indirect
membrane fluorescence test, using pooled sera.

Table 2 shows the results of the microcyto-
toxicity in oitro test for cell-mediated im-
munity. The lymphocyte donors were immu-
nized 12 days before the test by the i.c. route.
The target cells were at the same time explan-
ted from tumour-bearing animals and the test
was carried out at the fifth passage of the cells
in vitro. _

The table shows that lymphocytes from the
intestinal wall and the mesenteric lymph node
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Table 2.

Cytotoxic effects of C3H lymphoid cells (LNC) on C3H-L 1/a cells

in vitro§

Mean number of target

cells +8D left in 16 wells Cytotoxic

b index”
Effector cells Non-immune Immunef (%)
Axillary and
inguinal LNC 72+11.3 55+7.4t 24
Spleen cells 77+8.9 61+11.4* 21
Mesenteric LNC 72492 44+9.0% - 39
Lymphocytes from
intestinal wall 70+6.7 35+12.6% 50 -
Effector cells from mice immunized subcutaneously
Axillary LNC 72+11.3 35+6.1% 51
Non-treated targetcells
without LNC 83 £9.7%*

*P<0.05 tP<0.005 1P<0.001 (Students test).

§Lymphocyte:target cell ratio=50:1.
||Cytotoxic index = (a—6)/a x 100.

fImmunized by a single intracaecal injection of 107 C3H-L l/a cells.

Lymphoid cells harvested 12 days later.

**Significantly higher than controls treated with non-immune (P<0.05) and

immune lymphocytes (P <0.001).

cells had a significantly higher degree of cyto-
toxicity than spleen cells and axillary lymph
node cells (P<0.05). After exposure to im-
mune lymphocytes from the gut the mean
number of the target cells was reduced by
509%;, when compared with target cells treated
with non-immune lymphocytes. Immune sp-
leen cells reduced the number of target cells
by 219,.

It has previously [6] been shown that the
protective effect obtained by i.c. immuni-
zation with live ascites cells could be transfer-
red to untreated animals by immune spleen
cells. Table 3 confirms this finding, but the
table further shows that the protective effect
was prevented by treatment of the recipients
with 5 mg cyclophosphamide.

Table 3. Influence of cyclophosphamide (CPA) on the

protective effect of tmmune spleen cells against a simul-
taneous i.p. graft with 107 C3H-L 1/a tumour cells

Spleen cells Treatment} Dead with
transferred of recipients tumour/total
Immune* Nil 7/201 -
Normal Nil 16/16
Immune* CPA 200 mg/kg 18/20 -
Normal CPA 200 mg/kg 12/12

*Derived from C3H mice immunized twice by i.c.
injection of 107 C3H-L 1/a cells.

tThis group differ significantly at the 999, level from
other groups (Fourfold Table Test).

1Given the day before challenge.

From Table 4 it appears that the simul-
taneous i.p. injection of C3H-L 1/a cells and
immune spleen cells is followed by an anti-
body production which is larger than the
antibody production released by the injection
of tumour cells or immune spleen cells alone,
or by the simultaneous i.p. injection of tu-
mour cells and normal spleen cells.
Immunofluorescence indices above 0.3- were
not seen until after the third day after the
injection of cells.

Table 5 shows that protection against an
i.p. graft of C3H-L 1/a tumour cells was
afforded by simu]taneous treatment of the
mice with immune serum. -

Even though the spleen responded to in-
traluminal caecal immunization, the spleen
was not, as Table 6 shows, imperative for
obtaining protection against the subsequent
graft by i.c. immunization with ascites tumour
cells. Nor was the spleen imperative for the
antibody production following intracaecal
immunization.

DISCUSSION:

The study confirms that isograft resistance
to malignant ascites cells could be obtained
by a prior inoculation of the cells into the
caecal lumen of C3H mice.

The immunizing cells were inoculated th-

“rough a needle ‘in laparotomized mice. A

possible unspecific stimulation due to this pro-
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Table 4. Specific antibody production in C3H mice injected i.p. with C3H-L-

ascites cells and spleen cells*

Recipients bled after 7 days
Serum dilution 1:2  1:8 1:32

10 days
1:2 1:8 1:32

Fluorescent index

Transfer of

(mean of two tests)

Immune spleen cellst 0.15 0.15 0.17
Immune spleen cellst

and ascites cells 1.00--0.97 0.86
Normal spleen cells

and ascites cells 045 0.22 0.03
Ascites cells 0.48 0.18 0.05

0.13 0.25 0.17
082 096 092

0.50 -0.26 0.00--
0.73 029 0.06 -

The fluorescent indices were all below 0.30 when using sera obtained 3 days

after transfer of spleen cells.

*Dose: 10® spleen cells, 2 x 10° C3H-L 1/a cells.
+The donors were immunized twice by the i.c. injection of 107 -C3H-L 1/a

cells at one week’s interval.

cedure was ruled out by experiments with
dose response. The protection obtained was
correlated to the number of cells inoculated
i.c. In groups receiving 10° and 10° cells i.c.
through the wall of the caecum no protection
was observed.

The immune response which occurred both
intestinally and extraintestinally seemed to be

Table 5. Adoptive immunization with serum

Dead with
Recipients* treated with tumour/group
Immune serumt x 1 5/16
Immune serumf x3 0/17
Control serum x 3 20/20

Groups treated with immune serum differ according to
the Fourfold Table Test significantly at the 999, level
from control group.

*C3H mice grafted with 107 -C3H-L 1/a tumour cells
i.p. simultaneously with 0.5ml serum. The same vo-
lume of serum was further given i.p. to two of the
groups 2 and 4 days later. Survivors observed for
3 months.

#Donors twice immunized by inoculation of 107 C3H-L
1/a cells into the caecal lumen.

cell-mediated as well as mediated by hu-
moural factors.

The protection obtained, as described pre-
viously [6], could be transferred to untreated
animals by immune spleen cells. But when the
immune response of the recipients was in-
hibited by pretreatment with cyclophos-
phamide, transferrence of immune spleen cells
was without effect.

This indicates that the effect of immune
spleen cells did not depend on passive im-

" munity exclusively. The temporary production

of an ascites tumour, observed in some mice
receiving immune spleens, supports this
conclusion.

The in witro test for cell-mediated immunity
indicates that T-cells, at least in the intestinal
wall and mesenteric lymph nodes, can be
active in inhibition of tumour growth in the
present model system.

The effect of cyclophosphamide may in-
dicate that the protective effect of transferred
immune spleen cellsis partly based on a multistep
reaction. Possibly other cells with immune
competence may be activated by the transferred
spleen cells.

" Table 6. Influence of splenectomy on the immune responses to ascites cells inoculated
intracoecally (i.c.)

Fluorescent index

Dead with Serum dilution
tumour/group 1:8  1:16 1:32
Splenectomized.and immunized 0/18 0.82 0.63 042
Sham-operated and immunized 0/10 0.88 0.72 0.38
Non-immunized 15/15

C3H mice splenectomized or sham-operated. Two weeks later twice immunized by
i.c. inoculation of 107 C3H-L 1/a tumour cells. After another 2 weeks the mice were
bled and challenged with an i.p. graft of 107 C3H-L 1/a cells. Survivors observed for

3 months.
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However, other cell subpopulations apart
from T-lymphocytes are known to be effective
against tumours. One .is the group of cells
described as K-cells which, even when taken
from non-immunized animals, are able to lyse
tumour cells coated with antibody [13]. The
K-cells require very few specific antibodies to
lyse tumour cells [13].

In opposition to the assumption of K-cell
mediated immunity, however, it may be ar-
gued that small doses (10°-10%)} of i.c.-
injected C3H-L 1/a cells released a measur-
able antibody response but no protection agai-
nst a secondary i.p. challenge. Furthermore,
previous studies [6] failed to demonstrate any
protective effect of 0.2ml immune serum in-
jected i.p. into the recipients together with the
ascites tumour cells.

Another cell type with anti-tumour activity
is the natural killer cell (NK-cell). Spleen
cells from certain mouse strains kill without
immunization a variety of murine tumour
cells [14, 15].

In the present study spleen cells from non-
immunized animals, when given simul-
taneously with a graft of the ascites tumour
were without protective effect, indicating that
NK-cells did not play a major role in the
protection against C3H-L 1/a cells.

The effector mechanism in the present mo-
del system might have a humoural nature,
too, presumably specific antibodies. This sup-
position is supported by the observation that
0.5>ml immune serum was able to protect
most of the C3H mice against a simul-
taneously grafted ascites tumour. By repeated
treatment with immune serum full protection
against the graft was obtained. It is further
supported by the finding that C3H-antiserum
in presence of complement had cytotoxic ac-
tivity towards C3H-L 1/a cells i vitro [9].
Moreover, the present study shows that in the
presence of antigen the transferred spleen cells
induced production of specific antibodies. The
latency in the production indicates that active
immunity of the recipients was needed.

The spleen responded to intraluminal in-
jection of malignant ascites cells into the
caecum, but the spleen was not imperative for
the protection against a subsequent graft with
these cells.
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