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Introduction. In a report presented in
1880 to the Academie des Sciences in Paris,
the idea of oral vaccination as a means of
conferring immunity was suggested by Pas-
teur, Chamberland, and Roux (1). These
eminent authors pointed out that chickens
not only survived but were rendered im-
mune after ingesting food saturated with the
organism of chicken cholera. In 1891, Ehr-
lich (2) demonstrated antitoxin in the blood
of mice immunized by feeding them on
cakes containing vegetable poisons such as
ricin and abrin. The presence of specific
antibody activity in intestinal secretions was
demonstrated in 1922 by Davies (3) who
examined the feces of patients suffering
from dysentery. In 1957, Lund (4) reported
that rats treated with intracecal injections of
Yoshida’s ascites tumor cells developed
complement-fixing antibodies and resist-
ance to secondary challenge with this tumor.
Intestinal vaccination with viruses and bac-
teria has since been confirmed in numerous
studies. The participation of the intestinal
lymphoid system in the natural defense
against cancer is not clear. However, in view
of the fact that the intestinal wall is one of
the major sites of lymphocyte production,
this question deserves more attention. Stud-
ies of this type may provide us with a better
understanding of variation in the immu-
noresistance to cancer. The present investi-
gation confirms the isoimmunizing proper-
ties of malignant syngeneic tumor cells inoc-
ulated into the lumen of cecum in inbred
mice.

Materials and methods. Seven- to eight-
week-old inbred mice of the C3H/Fib strain
were used for this work. The animals were
kept under conventional conditions with up
to 10 mice in each cage. The malignant cell
material was derived from cultures of C3H
mouse lung fibroblasts which had under-

gone apparently spontaneous malignant
conversion and transformation during prop-
agation in vitro (5). From these cells an
ascites tumor (C3H-L 1/a) was established
which grew equally well in vivo and in vitro.
On intraperitoneal inoculation, TDj;, was 2
x 108 cells. On subcutaneous inoculation,
small tumors were produced which re-
gressed within 2-4 weeks. After a small lap-
arotomy, 107 cells in a volume of 0.1 ml
were inoculated into the cecal lumen of
ether-anesthesized mice using injection
needle 27 Gx1. After the injection, the
cecum was washed in isotonic salinc before
replacement. Specific antibodies were dem-
onstrated by the indirect immunofluores-
cence technique, using live C3H-L 1/a cells
as target cells and serial dilutions of mouse
sera obtained by bleeding from the retroor-
bital sinus. The sera were stored at —70°.
Staining was done with fluorescein-conju-
gated pig anti-mouse globulin purchased
from Hyland. The fluorescent index was cal-
culated as described by Klein and Klein (6).
Tumor neutralization tests were made with
lymph node cells, splenocytes, and antisera
obtained from donors immunized by in-
tracecal inoculation of 107 C3H-L 1/a cells.
Lymph nodes and spleens were removed
under sterile precautions and single-cell sus-
pensions were prepared in phosphatebuf-
fered saline (PBS) after gentle homogeniza-
tion of the lymphoid organs in a glass ho-
mogenizer with a loose fitting pestle. C3H-L
1/a tumor cells were added to the lympho-
cyte suspension at a lymphocyte/tumor cell
ratio (L/T) of 7/1 or 15/1, and the tumori-
genicity of the mixed cell population was
finally tested by intraperitoneal injection
into nonsensitized C3H recipients at a tu-
mor cell dose of 107 per animal. In similar
experiments C3H-L 1/a cells were sus-
pended in undiluted antisera at a concentra-
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tion of 107 cells per 0.4 ml. No complement
was added. Indirect immunofluorescence
tests on these suspensions showed 100%
reaction. The experiments were discontin-
ued 100 days after challenge.

Results. The protective effect of lumenal
intracecal (ic) inoculation of 107 malignant
C3H-L 1/a cells against secondary intraperi-
toneal challenge 8-26 days later with the
same malignant cells is shown in Table 1. As
can be seen, a total of 72 (92%) of the 78
immunized mice survived challenge with 107
C3H-L 1/a cells. The survival rate in the
control group was only 24% (5/21). Table 1
also shows that neither frozen and thawed
cells nor supernatant fluid from such a fro-
zen and thawed cell suspension gave rise to
a protective effect when inoculated ic
against a secondary ip challenge with live
cells. Table II shows the results of the indi-
rect immunofluorescence tests carried out
with pooled sera from eight mice inocu-
lated once or twice with 107 live C3H-L 1/a
cells ic. The animals were sacrified 9 days
after the last ic inoculation. It appears that
even at a dilution of 1:16, the fluorescent
index was above 0.3. The indirect immuno-
fluorescence test did not show new antibod-
ies to membrane antigens on C3H-L 1/a
cells in a sera from mice immunized ic with
frozen and thawed cells. Neither did this
technique give positive results when using
sera from mice immunized ic or sc with
supernatant fluid from frozen and thawed

TABLE 1. ProtecTivE EFFECT OF LUMENAL
INTRACECAL (1) INOCULATION OF MICE wiTH 107
C3H-L 1/a CELLS AGAINST A SECONDARY
CHALLENGE WITH THE SAME CELLs (1p) IN C3H/Fib

MIcE.
Mice dead with tumor/total
mice

Days between ic and ip
inoculations of live cells Male Female Sum
8 1/10 0/8 1/18
15 0/10 2/10 2/20
26 0/10 1/10 1/20
26 and 18 2/10 0/10 2/20
Sum of immunized 3/40 3/38 6/78

mice

Nonimmunized controls 8/11 8/10 16/21

Mice immunized ic with frozen and 8/9
thawed cells x 5

Mice immunized ic with superna-
tant fluid from a frozen and
thawed cell suspension

10/13
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TABLE 1I. INDIRECT IMMUNOFLUORESCENCE
TEst.?

Fluorescent index®

Immunizing injection (num-

ber)
Serum dilution 1 2
1:1 0.99 0.96
1:2 0.94 0.96
1:4 0.76 0.84
1:8 0.48 0.71
1:16 0.35 0.51
1:32 0.10 0.24

@ Target cells: C3H-L 1/a. Sera: C3H mice inocu-
lated once or twice ic with 107 C3H-L 1/a cells and bled
9 days after the last injection.

b (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 antiserum.

cell-suspension. Tumor neutralization tests
were made with sera and lymphocytes from
C3H mice immunized twice by the ic inoc-
ulation of 107 C3H-L 1/a cells 2 and 3 weeks
before sacrifice. In animals reimmunized
after 1 week, the cecum and the abdominal
cavity were examined but no indication of
tumors in or outside the cecum were seen.
The results of three experiments are shown
in Table III from which it appears that the
antisera were without any tumor-neutraliz-
ing effect. Lymph node cells had no statisti-
cally significant effect, whereas splenocytes
showed a pronounced inhibitory effect. In
some of these experiments it was observed
that the mice developed ascites the first 7 or
8 days, and to the same degree whether the
splenocytes were transferred or not. After
this period, however, the ascites suddenly
disappeared in those groups which had re-
ceived sensitized splenocytes mixed with the
malignant cells. Table III also shows that
preincubation of the tumor cells with spe-
cific antiserum for 30-60 min at 37° did not
block the neutralizing effect of sensitized
splenocytes.

Discussion. By the ic inoculation of Yosh-
ida’s ascites tumor cells, Lund (4) induced
immunity in rats against a secondary ip chal-
lenge with the same tumor cell line. This
author also demonstrated specific comple-
ment fixing antibodies in ic immunized rats
(4, 7). These experiments were carried out
in an allogeneic system. In the present
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TABLE III. Tumor NEUTRALIZATION TEST.?

Group
I e i v \% A%
Antiserum .
Sensitized lymph Sensitized + Nolli'n:ecgsv
node cells splenocytes sensitized
splenocytes splenocytes
Experiment 7:1c 15:1 7:1 15:1 Antiserum 15:1 15:1 Nihil
1 8/104 1/10 7/8 0/10 9/10
24 = 3.0° 73 22+22 23 2.6
2 4/10 3/5 1/10 0/10 4/10 1/10 8/10
24 £ 25 18 + 3.0 23 2535 25 23 £ 2.6
3 5/6 11/17 4/18 2/23 16/19 14/18 17/20
21 £38 23 =+45 2318 20-2.0 20 = 1.4 23 £24 2332
Sum of three experiments 17726 14/22 5/28 3/43 27/37 1/20 14/18 34/40
(percentage dead) 65 64 18 7 73 5 78 85

¢ C3H/Fib-mice were immunized twice by ic inoculation of 107 C3H-L 1/a cells and used as donors. Serum, lymph node cells, and splenocytes from
these donors were mixed with C3H-L 1/a cells. and the mixtures were transplanted ip to untreated C3IH-Fib-mice. In one group (V) splenocytes from

nonimmunized donors were used.

® Groups of 11 and 1V significantly differ from the other groups at the 99% level.

¢ Lymphocyte/tumor cell ratio.
“ Number of dead mice/total mice.
° Time of survival after challenge expressed in days.

study, syngeneic C3H-L 1/a tumor cells
showed isoimmunizing properties in inbred
C3H mice after ic inoculation of live malig-
nant cells, but not after ic inoculation of
frozen and thawed cells. The isoimmunizing
effect was demonstrated by resistance to
secondary ip challenge, the presence of spe-
cific antibodies as evidenced by a positive
indirect immunofluorescence test, and by
the protective effect of sensitized spleno-
cytes in a tumor-neutralization test. The fact
that frozen and thawed cells inoculated in
the cecal lumen did not give rise to a protec-
tive effect against a later challenge indicates
that the inoculated cells have to be viable
and that macromolecules which are sup-
posed to be liberated from the frozen cells
are without any protective effect. Neither
did Kieler et al. (5) obtain any evidence
which supported the suspicion that antigenic
properties of C3H-L 1/a-cells are due to
virus.

From the observations made so far, it is
not clear whether immune stimulation de-
pends on the presence of intact tumor cells
from tumor cells migrating into the intes-
tinal epithelium or from tumor cells left in
the intestinal wall at the site of injection.

Experiments to distinguish between these
possibilities are now under investigation. It
is also an open question whether the immu-
nity is mediated by cells or antibodies. Cyto-
toxic antibodies have previously (8) been
demonstrated in C3H mice hyperimmu-

nized with C3H-L 1/a cells. However, these
antibodies could only be demonstrated after
5-7 immunizing injections. The results of
the present study indicate that the antibod-
ies produced in ic immunized mice are with-
out any protective or blocking effect in the
tumor neutralization test. Experiments by
Siissdorf (9) and Nieuwenhuis (10) indicate
that the appendix is essential for the anti-
body-forming potential in the spleen, and
Clancy and Bienenstock (11) stated that
lymphocytes with surface IgG and IgM re-
ceptors from the Peyers patches especially
seed to the spleen. This might explain the
pronounced effect of splenocytes and the
insignificant effect of lymph node cells ob-
served in our experiments, provided that the
tumor-neutralizing effect of sensitized
splenocytes depends on the transfer of acti-
vated B cells. The temporary production of
an ascites tumor which regressed after 7-8
days suggests that protection did not depend
on passive immunity exclusively. Experi-
ments aimed at answering this question are
in progress.

Summary. Lumenal intracecal inoculation
of viable malignant cells produces a protec-
tive effect against a secondary ip challenge
with the same tumor cell. Cells inoculated in
the lumen of the cecum showed immunizing
properties as demonstrated by specific anti-
bodies evidenced by a positive indirect im-
munofluorescence test.

Furthermore, the protective effect can be
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transferred to an untreated animal by sensi-
tized splenocytes.
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