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Sera from tumor-bearing men and animals
contain immune complexes (1, 2). It was
shown that immune complexes in the sera
from tumor-bearing animals are composed of
the tumor antigen and its corresponding an-
tibody (2). These sera may block cytotoxic
activity of lymphocytes in vitro (for refer-
ences, see 3) and enhance tumor growth (4).
One could imagine that immune complexes
from sera of the tumor bearers may specifi-
cally bind to lymphocytes or nonspecifically
attach to Fc receptors of killer lymphocytes
and inactivate them. These complexes may
also attach to tumor cells in the same manner
and mask tumor specific transplantation an-
tigen. This raises the question whether tumor-
unrelated immune complexes can attach to
Fc receptors of the killer lymphocytes or
tumor cells and inhibit anti-tumor response
of the host. If this were the case, enhancement
of tumor growth in the host with high level
of the circulating immune complexes should
be expected.

Formation of immune complexes in circu-
lation and their deposition in the kidneys
have been observed in rabbits (5) and mice
(6) injected with antigen for a period of sev-
eral months. In the present study, tumor
growth was investigated in mice immunized
for 4-5 months with tumor-unrelated anti-
gens.

Materials and methods. Animals. C3H/
HeHa mice, 12 weeks old, from West Seneca
Laboratories, West Seneca, N.Y., were used
in this study. The immunized and control
animals were without any clinical signs of
infection or sickness during the experimental
period. Death of 30% of the immunized mice
was due to the anaphylactic shock.

Tumor tissue. Methylcholanthrene-induced
sarcoma, MCSa-22 was originally produced
in this laboratory by subcutaneous injection

! Supported by Grant No. IM-24B from the American
Cancer Society.

of the carcinogen into a C3H/HeHa mouse.
This tumor was maintained by transplanta-
tion in the strain of origin. Tumor tissue
collected within 2-3 weeks after transplanta-
tion into normal mice was used in hemad-
sorption tests and/or for preparation of the
tumor cell suspensions. Neoplastic tissue was
minced, trypsinized and washed. Then sus-
pensions wer%zprepared that contained 105,
10%, 10° or 10* cells in 0.2 ml of TC-199
medium supplemented with 0.02 M L-gluta-
mine, 100 U of penicillin and 100 mg strep-
tomycin/ml. These tumor cells were injected
subcutaneously into experimental (immu-
nized) and control (unimmunized) mice.
Cryostat sections of tumors collected from
immunized and control mice were tested for
hemadsorption (see below).

Immunization and immune sera. Mice from
one group were immunized daily for 4 to 5
months with bovine serum albumin (BSA)
(Miles Laboratories, Inc., Elkhart, IN). The
antigen was injected intravenously (iv) into
the caudal tail vein at the dosage of 0.2 mg in
0.2 ml of phosphate buffered saline (PBS).
Mice from another group were not immu-
nized and served as a control. Mice from both
groups were trial bled at the end of the third
month of the immunization before injection
with tumor cells and were terminally bled in
the 4th and 5th month of the experimental
period.

In another experiment, mice were injected
intraperitoneally (ip) with ovalbumin (OA)
(Sigma Chemical Company, St. Louis, MO).
Here, again, daily injections of 0.2 mg of
antigen in 0.2 ml of PBS were administered.
The immune mice and corresponding control
mice were bled out at the end of the 4th
month of the experimental period.

All sera were stored at —70° and thawed
quickly before testing. These sera were tested
for circulating immune complexes and for
inhibition of hemadsorption (see below).

Hemadsorption and inhibition of hemad-
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sorption. Hemadsorption by cryostatcut tissue
sections was performed as previously de-
scribed (7). Briefly, 10 um thick tissue sections
were placed on coverslips and dried at room
temperature. Wells of microculture slides
were filled with a suspension of sheep eryth-
rocytes sensitized by a selected subagglutin-
ating dilution of a rabbit anti-sheep erythro-
cyte serum. The wells were sealed with the
coverslips in such a way that the tissue section
was submerged in the suspension of sensitized
erythrocytes. The preparations were incu-
bated coverslip down for 1 hr at room tem-
perature. Then they were turned coverslip up
and left in this position at room temperature
to allow unattached erythrocytes to fall down
from the tissue. The sections were examined
microscopically at low magnification. Adher-
ence of erythrocytes to the sections was re-
corded as a positive hemadsorption test. If a
tissue section was completely covered by
erythrocytes, the test was graded as 4+. A
reaction was considered 2+ if approximately
half the tissue was covered by erythrocytes.
Sparsely attached erythrocytes on the tissues
were considered as a 1+ reaction. Absence of
erythrocytes from the tissue was recorded as
a negative result.

Inhibition studies were performed by in-
cubating tissue sections with various sera for
20 min in a moist chamber at room temper-
ature (8). Subsequently, the tissue sections
were washed three times in PBS and the
hemadsorption test was performed as de-
scribed above. The lowest concentration of
rabbit anti-sheep erythrocyte serum used for
sensitization of sheep erythrocytes which
showed 4+ hemadsorption was determined
for each tumor specimen and employed in
the inhibition studies.

Detection of immune complexes. Immune
complexes in circulation were detected by
using the Raji cell test (9) in a modification
recently described (10). Briefly, a suspension
of Raji cells (kindly supplied by Dr. T. Flan-
agan of the Department of Microbiology,
SUNY at Buffalo, Buffalo, N.Y.) were har-
vested 72 hr after transfer. Fifty pl of Raji
cells in RPMI-1640 medium (Associated
Biomedic Systems, Inc., Buffalo, N.Y.) at a
concentration of 5 X 10° cells/ml were incu-
bated at 4° for 30 min with 50 ul of the tested
serum or one of its dilutions. Subsequently,
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cells were washed with RPMI medium and
stained at 4° for 30 min with 25 pul of fluores-
cein isothiocyanate (FITC)-labeled rabbit
anti-murine IgG serum, with 25 ul of FITC-
labeled rabbit anti-BSA serum, or with 25 pl
of FITC-labeled rabbit anti-OA serum. Cells
were then washed twice in RPMI medium
and twice in PBS. One drop of the suspension
was placed on a microscope slide and dried
under a fan. Raji cells, incubated in the me-
dium and then stained with FITC-conjugated
sera, served as a control. Immune complexes
in the cryostat-cut sections of the kidney were
detected by staining with the same FITC-
conjugated rabbit antisera.

Experimental design. At the time when im-
mune complexes were detected in the kidneys
from randomly selected immunized animals
(approximately at 3 months of the immuni-
zation), all experimental and corresponding
control mice were divided into groups and
injected with 10°, 10%, 10? or 10? tumor cells.
Cells from the 22nd passage of the syngenic
tumor were injected into OA-immunized and
corresponding control mice, whereas BSA
immunized mice and corresponding control
mice were injected with the cells from the
33rd passage of the same transplantable tu-
mor. Subsequently, growth of the tumor was
inspected daily. At the end of the experiment,
all animals were bled out and the tumor was
excised and weighed.

Statistical analysis. Data were analyzed by
student’s ¢ test.

Results. Rate of tumor growth. At the time
when deposits of immune complexes in the
kidneys and circulating immune complexes
in the sera of BSA-immunized mice could be
demonstrated, the mice were divided into
three groups and injected with 10%, 10° and
10? tumor cells, respectively. Three groups of
control mice were injected with similar num-
bers of the tumor cells. Figure 1 shows the
results of this experiment. In all immunized
and control mice injected with 10* and 10
tumor cells, tumors developed in 8-17 days
after injection. All immunized mice injected
with 10% tumor cells developed tumors at the
same time. However, only three of ten control
mice injected with 10> tumor cells developed
tumors at that time. Three additional mice of
this group developed tumors within 43 days.

Figure 2 shows the effect of prolonged
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immunization with OA on the rate of tumor
growth. When immune complexes appeared
in the kidneys of OA-injected mice, immu-
nized and control mice were divided into
three groups and injected with 10°, 10* and
10° tumor cells. Tumors were detectable on
the 12th day after injection in all mice except
the control mice injected with 10° tumor cells.
In this group, tumor developed only in six of
12 mice and the remainder did not change
during 21 days of observation.

Tumor weight. In the experiments with
BSA immunization, the tumors from mice
injected with 10%, 10 and 10? cells were ex-
cised and individually weighed on the 28th,
35th and 43rd day after injection, respec-

tively. Table I demonstrates the effect of long-
term immunization with BSA on the weight
of tumor mass. In all groups, tumors from
immunized mice weighed significantly more
than tumors from control animals.

Tumors from OA-immunized mice and
corresponding control mice were excised and
weighed on the 21st day after injection with
10° and 10? tumor cells. Weight of the tumors
from immunized mice injected with 10° tu-
mor cells was significantly greater than that
of control mice injected with the same num-
ber of tumor cells. Tumor weight did not
significantly differ between immunized and
control mice injected with 10? of the tumor
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Days After Injection
FiG. 1. Tumor growth in BSA-immunized and con-
trol mice injected with 10%, 10> and 10* syngenic tumor
cells.

Days After Injection
FiG. 2. Tumor growth in OA-immunized and control
mice injected with 10%, 10* and 10 syngenic tumor cells.

TABLE 1. EFFECT OF PROLONGED IMMUNIZATION OF MICE WITH BSA OR OA ON THE WEIGHT OF THE

TuMoR.
Weight of tumors (mg) from mice injected with tumor cells
Mice 10° 10 10° 10?
Immunized® with BSA ND*® 1326 + 336°¢ 1438 + 209° 1831 + 354°
Control ND 470+ 72 433 + 86 416 + 140
Immunized? with OA 1235 + 266¢ ND 385 + 108 ND
Control 448 + 90 ND 272 + 102 ND

Tumors from BSA-immunized and control mice injected with 10%, 103 and 10? tumor cells were excised and
weighed on the 28th, 35th and 43rd day after injection, respectively.
%Not done.

¢ Mean *x SD.
< Tumors from OA-immunized and control mice injected with 10° and 10? tumor cells were excised and weighed

on the 21st day after injection.
° Denotes statistically different from control at P<0.05.
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cells (Table I).

Hemadsorption and inhibition of hemad-
sorption. Cryostat sections of tumors from
mice immunized with BSA or OA and control
mice did not show any difference in the ad-
sorption of the sensitized sheep erythrocytes.
Sera from tumor-bearing mice immunized
with either BSA or OA markedly inhibited
hemadsorption, whereas, sera from tumor-
bearing non-immunized mice and from nor-
mal mice did not inhibit hemadsorption. Ta-
ble II presents results of such inhibition ex-
periments in which hemadsorption by tumor
tissue and by normal spleen tissue was ex-
amined.

Immune complexes were deposited in kid-
neys of the mice after 2 to 3 months of the
injections with BSA or OA. These complexes
were stained with FITC-labeled rabbit anti-
murine IgG. In some experiments they were
stained with FITC-labeled rabbit anti-BSA
or rabbit anti-OA, respectively. Before tumor
cells were injected into the mice, the immune
complexes were demonstrated in all of the
kidneys taken from five randomly selected
mice of the group of the animals immunized
with BSA and five mice immunized with OA.
In the kidneys collected when the tumors
were harvested from the immunized mice
with either BSA or OA, immune complexes
were detected in 80% by staining with anti-
BSA serum or anti-OA serum, respectively,
and in 100% by staining with anti-murine
IgG serum. Immune complexes in the kid-
neys taken from control (unimmunized) mice
injected with tumor cells were not detected
by using anti-BSA serum or anti-OA serum.
However, they were detected in 40% of mice
by staining with anti-murine IgG serum. A

TABLE II. ADSORPTION OF SENSITIZED SHEEP
ERYTHROCYTES BY C3H TUMOR AND SPLEEN
TissUES. INHIBITION BY SERA FROM NORMAL MICE,
TuMOR-BEARING UNIMMUNIZED MICE AND TUMOR-
BEARING IMMUNIZED MICE.

Sera from tumor-

Serum bearing mice
Serum from
Hemad-  dilution normal Unim- Immu-
sorption by:  1to: mouse munized nized
Tumor tissue 10 4+ 3+ —
20 4+ 4+ —
40 4+ 4+ 2+
Spleen tissue 10 4+ 3+ —
20 4+ 4+ 1+
40 4+ 4+ 1+
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similar percentage of the positive staining was
also noticed in the kidneys from normal mice.
Deposition of IgG has previously been de-
scribed in kidneys of aging mice (11).

The same FITC-labeled reagents were used
to demonstrate circulating immune com-
plexes in sera of immunized mice by means
of the Raji cell assay. Using anti-BSA serum,
the average titer of the circulating immune
complexes was 1:8 ranging from 1:2 to 1:32
in the individual sera from trial bleeding of
BSA-immunized mice. This titer decreased to
1:2 ranging from 1:1 to 1:4 in the sera from
terminal bleeding of the BSA-immunized
mice. In the sera from terminal bleeding of
OA-immunized mice, the circulating com-
plexes were detected in the average titer of
1:4 ranging from 1:2 to 1:16. OA anti-OA
complexes were not tested in the sera from
trial bleeding of OA-immunized mice. Im-
mune complexes composed of BSA or OA
and their corresponding antibodies were not
detectable in the sera from control mice in-
jected with tumor cells or from normal mice.

Using FITC-labeled rabbit anti-murine
IgG serum in Raji cell assay with sera from
trial bleeding of BSA-immunized mice, cir-
culating immune complexes were in the av-
erage titer of 1:32 ranging from 1:8 to 1:64. A
similar titer of circulating immune complexes
was observed in the sera from the terminal
bleeding of BSA- or OA-immunized tumor-
bearing mice and control mice injected with
tumor cells. Interestingly, the circulating im-
mune complexes were also detected in the
sera from normal mice at the average titer of
1:8 ranging from 1:4 to 1:32. The increased
amount of circulating immune complexes in
control mice injected with tumor cells was
possibly due to tumor growth.

Discussion. The rate of tumor growth in
mice immunized with BSA and injected with
10? tumor cells and in mice immunized with
OA and injected with 10° tumor cells was
markedly greater than that in control non-
immunized mice (Figs. 1 and 2). Tumor
weight was also significantly greater in mice
immunized with BSA and OA than nonim-
munized mice (Table I). Similar enhance-
ment of tumor growth was noted in immu-
nologically impaired mice injected with a
mixture of the tumor cells and sensitized
lymphocytes (12, 13). Jeejeebhoy (14) has
reported that a certain population of the sen-
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sitized lymphocytes is responsible for en-
hancement and another for inhibition of tu-
mor growth. Lymphocytes collected on the
5th day after injection of tumor cells into
mice enhanced growth in the tumor in vitro,
whereas lymphocytes collected by day 12 in-
hibited formation of the neoplastic cell colo-
nies. Recent observations suggested that im-
munostimulation of tumor growth in vitro is
mediated by T and B cells that are distinct
from cytotoxic effector cells (15).

The data of this study demonstrated that
50% of control mice injected with 10° tumor
cells developed tumors in one experiment
(Fig. 2), whereas in another experiment per-
formed 5 months later, the tumors developed
in 100% of the control mice injected with the
same dose of the same tumor (Fig. 1). This
variation could be due to the changes in the
virulence of this tumor with the progressing
number of the passages. Another possibility
is that cells from the tumor used in one
experiment contained relatively more mac-
rophages than the cells from the tumor em-
ployed in another experiment. The number
of macrophages in the inoculum may ob-
viously have influence on the tumor growth
as observed by Wood and Gillespie (16).

In our study, mice were immunized with
tumor-unrelated antigens for 4-5 months. In
2-3 montbhs, deposition of immune complexes
composed of BSA or OA and corresponding
antibodies in kidneys was observed. The im-
mune complexes were detected in sera of
these mice by Raji cell assay and by inhibi-
tion of hemadsorption test. Other investiga-
tors observed deposition of immune com-
plexes in kidneys of F1 hybrid mice with
graft-versus-host reaction resulting from
transplantation of parental lymphoid cells
(17). It was suggested that antigens of the
hybrid formed immune complexes with their
corresponding antibodies produced by the
parental cells and that these complexes were
deposited in the kidneys (18). Furthermore,
continuous antigenic stimulation of the im-
mune system in animals with graft-versus-
host reaction lead to an increased incidence
of neoplasia (19). It is quite possible that in
our study, daily injection of an antigen con-
tinuously stimulated lymphocytes which, in
turn, could contribute to the enhancement of
the tumor growth.
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Daily injection of antigens could also result
in continuous formation of circulating im-
mune complexes which could attach to Fc
receptors of the cytotoxic lymphocytes and
inactivate these cells (20, 21). A recent study
indicated that most mouse cytotoxic lympho-
cytes possess Fc receptors (22). In addition,
circulating immune complexes could attach
to the phagocytic cells and decrease their
ability to penetrate into the site of tumor cell
injection (23). A decreased number of phag-
ocytic cells at the tumor site might have af-
fected tumorcidal activity, attraction of
lymphoid cells into tumor site and the inter-
action between macrophages and lympho-
cytes which, in turn, might have diminished
immune response to the tumor antigen.

Alternatively, circulating immune com-
plexes could also attach to the tumor cells
and mask tumor specific transplantation an-
tigens; therefore, the immune system of the
host could not recognize them. This sugges-
tion is supported by the observation that im-
mune complexes can attach to the Fc recep-
tors of tumor tissue (24) or tumor cells (25).

Summary. The effect of prolonged immu-
nization of mice with bovine serum albumin
(BSA) or ovalbumin (OA) on the growth of
the transplanted, methylcholanthrene-in-
duced fibrosarcoma was studied. When im-
mune complexes appeared in the kidneys and
in the circulation, mice were injected subcu-
taneously with various numbers of syngeneic
tumor cells.

Tumor developed within 17 days in all
mice immunized with BSA and injected with
104, 10° and 10? tumor cells and control mice
injected with 10* and 10°, whereas only 3 of
10 control mice injected with 10*> tumor cells
developed tumors at that time. All mice im-
munized with OA and injected with 10°, 10
and 10? tumor cells and control mice injected
with 10° and 10* developed tumor within 12
days after injection of the tumor cells,
whereas in the control group injected with
10% tumor cells, only 6 of 12 mice did so.
Weight of the tumors from the mice immu-
nized with BSA or with OA was significantly
greater than that of tumors from control mice.

The authors are grateful to Mrs. S. Sieczkarski for her
excellent technical assistance.
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