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SUMMARY

The P1798 lymphoma-BALB/c mouse system is one
characterized by minimal immunological response during
progressive tumor growth. No antitumor antibody could be
demonstrated either coating P1798 cells or free in the serum
of tumor-bearing mice. Ten P1798 cells constituted a lethal
dose to 75% of the animals, but survivors were subsequently
able to reject 100 and then 500 cells, suggestive of a limited
immune response. A standard 3-dose vaccination regimen with
modified P1798 cells was unsuccessful in protecting the host
against subsequent challenge with viable tumor cells. Modi
fying reagents were selected to react with sulfhydryl groups
and carbohydrate structures, to decrease negative charge, and
to involve combinations of these. Using an allogeneic
antiserum absorbed with normal BALB/c tissues, presence of a
P1798 membrane antigen not present in normal lymphoid cells
was established. Demonstration of this antigen prompted
long-term immunization experiments with P1798 cells treated
with iodoacetamide or Mitomycin C. Up to 94% of mice given
12 to 13 vaccinations over a period of 4 to 5 months rejected
iO@ viable P1798 cells. Most of these animals were resistant
when rechallenged later with i0@ cells. Correlating with
development of resistance was the appearance of antibody in
the hyperimmunized BALB/c mice. This antibody and that in
absorbed allogeneic antiserum were demonstrable by mem
brane immunofluorescence but not by cytotoxic test. Both
antisera cross-reacted with a subline of P1798 resistant to
corticoids and asparaginase. These results establish the value of
modified tumor cells in stimulating a protective immune
response, even in a tumor-host system of minimal natural
immunological responsiveness.

INTRODUCTION

The use of modified tumor cells from the malignant
neoplasm to be treated for specific, active immunization is
currently ,receiving considerable attention. The attractiveness
of this approach stems from its potential for both therapy and
prophylaxis. Application of modified cells for immunization
against tumors was recently reviewed (27) and some general
concepts were summarized (25). Cells modified by X-irradia
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tion have been widely used for immunization against
experimental lymphomas. RÃ©vÃ©sz(31) found that 2 injections
of irradiated cells prior to challenge failed to protect mice
against syngeneic early-transplant-generation lymphomas. A
minimal response to L1210 by DBA/2 mice was detectable;
however, 11 years later more potent immunization was
effected (7), thereby focusing on the changing tumor-host
relationship with continous serial transplantation. Successful
vaccination with irradiated cells was recorded for DBA/2 mice
against L5 l78Y (1 , 37), for C58 mice against â€˜b(18), and for
C3H mice against 6C3HED (26, 3 1). Irradiated P 1798
lymphoma cells failed to protect BALB/c mice (26). AKR
mice showed a decreased incidence of leukemia after 8
injections of irradiated extracts of syngeneic leukemia cells
(I 7). Mouse lymphoma cells modified by sulfhydryl-blocking
agents from the group iodoacetamide, iodoacetate, and
N-ethylmaleimide were successfully used as immunogens to
protect against EL-4 (2), 6C3HED (28), EPF-1 (28), P388 (6),
and, to a lesser degree, Rauscher virus leukemia (15).
Neuraminidase-treated cells were effective immunogens for
L1210 (7) and AKR (13) leukemias but were less effective
than were iodoacetate-treated P388 cells (6). Con A2 -treated
EL-4 cells were more stimulatory than were X-irradiated cells
in an in vitro system (19), and 6C3HED cells modified with
this reagent protected the host (30). Disrupted cell prepara
tions have generally been ineffective (28), although such a
preparation from â€˜bleukemia cells immunized C58 mice (18).
On the other hand, preparations containing ghost cells or large
plasma membrane fragments were used successfully to
immunize against L5 I 78Y (36) and Meth A lymphomas (21).
A soluble fraction from 6C3HED membranes protected C3H
mice challenged after 2 immunizing injections (29). Immuniza
tion with a variety of other types of modified lymphoma cell
preparations has been only moderately successful (27).

In many studies of immunization against syngeneic tumors
relatively little attention has been given to the natural
immunological history of the tumor-host system. However,
ability of the host to mount an immune response to a
progressively growing tumor may be a factor of importance
determining ease of effecting immunological stimulation with
modified cells. This report explores that relationship in the

2 The abbreviations used are: Con A, concanavalin A; CSAS, standard

form of P1798 sensitive to corticoids and asparaginase; CRAR,
corticoid- and asparaginase-resistantP1798; PBS, phosphate-buffered
saline; VCN, Vibrio cholerae neuraminidase; MLR, mixed lymphocyte
reaction.
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syngeneic BALB/c mouse-Pl798 lymphoma system. Despite
natural host unresponsiveness it has been possible to demon
strate the presence of a tumor-specific antigen and to produce
resistance to tumor challenge by vaccination with chemically
modified P1798 cells.

MATERIALS AND METHODS

Mice and Tumors. BALB/CJ mice (The Jackson Laboratory,
Bar Harbor, Maine) were used in all experiments except where
indicated in the text that BALB/cTex mice (Texas Inbred
Mouse Co., Houston, Texas) were used. P1798 lymphoma, a
tumor that originated in BALB/c mi*, was obtained from Dr.
Louise Mashburn as solid tumor in CSAS and CRAR sublines.
After 2 to 4 i.p. passages in BALB/cJ mice, the tumors
became ascitic, in which form they were maintained by serial
transplantation. The CSAS line, which is the standard form of
this tumor, was used except where CRAR cells are specifically
indicated in the text. C57BL/KSJ and DBA/2J mice (both
from The Jackson Laboratory) were used for allogeneic
antiserum production.

Modification of P1798 Cells. P1798 cells were harvested
from the peritoneal cavity of BALB/c mice and were washed
in PBS, pH 7.4 or in a solution containing citric acid, sodium
citrate, and dextrose prior to modification. After centrifuga
tion for approximately 5000 X g (Sorvall GLC-l) in a conical
tube, the packed-cell volume was measured. Cells modified by
resuspension in 1 of the following preparations were incubated
in a 37Â°water bath unless otherwise indicated: (a) 20 volumes
4 mM iodoacetamide in 0.9% NaC1 solution per volume cells,
3.0 to 4.0 hr; (b) iodoacetamide treatment followed by either
0.02 IU @-glucuronidase from Escherichia coli (Sigma type
V-A) in 2 volumes PBS, pH 6.4, per volume cells, 7.0 hr, or 24
IU @3-glucosidase(from almonds; Sigma Chemical Co., St.
Louis, Mo.) in 2 volumes 0.9% NaC1 solution per volume cells,
7.0 hr; (c) 0.05 IU @3-glucuronidasein 3 volumes PBS, pH 6.4,
per volume cells, 5 hi; (d) 100 mM NaIO4 in either 10 volumes
PBS, pH 7.4, per volume cells, 4 hr, or 10 volumes 0.05 M
sodium acetate, pH 4.6, per volume cells, 3 .0 hr at 25Â°;
(e) sequential treatment with either iodoacetamide followed
by Na104 , pH 7.4, or Nab4 , pH 7.4, followed by
iodoacetamide; (j) 7.5 mg Con A (Miles Laboratories, Inc.,
Elkhart, md.) in 10 volumes Earle's solution per volume cells,
1.5 hr; (g) 1 mg purified phytohemagglutinin (Difco Labora
tories, Inc., Detroit, Mich.) in 1 volume 0.9% NaCI solution
per volume cells, 8 hr; (h) 10 mg polypropyleneimine (Pfaltz
and Bauer, Inc., Flushing, N. Y.) in 9 volume PBS, pH 7.4, per
volume cells, 1.5 hr. After cells from each of these 8
preparations were washed 2 to 4 times with PBS, they were
examined for exclusion of trypan blue. If necessary, incuba
tion with reagent was continued until all cells stained. (i) The
procedure of Bekesi et a!. (7) was used for VCN treatment of
P1798 cells freed of RBC by osmotic shock and then washed
twice with 0.9% NaCl solution containing S mM EDTA. Cells
(2.5 X 10'/ml) were treated for 1 hr with a solution
containing, per ml, 5.4 mIU VCN (General Biochemicals, Inc.,
Chagrin Falls, Ohio), 0.15 M NaCl; 50 mM sodium acetate, and
5 mM CaCl2 , pH 5.6. This amount of VCN corresponds to
25 common neuraminidase units, 1 of the latter units being

the activity of enzyme that releases 1 pg sialic acid from
N-acetylneuramin-lactose in 15 mm.

Treatment of Cells with Mitomycin C. An initial experiment
was performed to determine conditions of Mitomycin C
treatment of P1798 cells that would inhibit tumor formation
in BALB/c mice. The cells (l0@) were treated with amounts of
reagent (Kyowa Hakko md. Co., Tokyo, Japan; obtained from
Laboratory and Educational Services, Los Angeles, Calif.)
from 0 to 1000 .zgin 3 ml TC Medium 199 (Difco) containing
10% horse serum at 37Â°,45 mm; after centrifugation and
washing, 106 cells were injected i.p. Cells treated with 100 pg
or more gave no tumors; in the range of 50 to 75 pg tumor
formation was variable; below 50 jig, tumor growth was
observed in all mice. Consequently, 100 pg/b7 cells was the
treatment dose adopted for the 9 preparations used in the
long-term immunization experiment. One volume of packed
cells was treated in 20 volumes medium for 3 hr. Cells were
washed by centrifugation with either a solution containing
citric acid, sodium citrate, and dextrose or with 5 mM EDTA
in 0.9% NaCl solution ; the latter was somewhat better in
minimizing clumping. Although some modified cells were used
on the day prepared, they were generally stored in the
refrigerator and then used I to 15 days later. They were
resuspended in PBS, pH 7.4, so that an injection ofO.2 to 0.3
ml delivered 108 modified cells.

Vaccination Procedure. The standard procedure used in the
majority of experiments involved 3 vaccinations of BALB/CJ
mice at weekly intervals followed 1 week later by challenge
with i0'@ viable P1798 cells. Vaccinations were i.p. with
approximately 108 modified cells per injection delivered in 0.2
to 03 ml 0.9% NaC1 solution.

Long-Term Immunization. BALB/cJ mice were vaccinated
12 or 13 times over a period of4 to S months with P1798 cells
treated with iodoacetamide or Mitomycin C as already
described. The number of cells given per injection was between
6.7 X 106 and 108 with the total number approximating l0@.
Injections were either i.p. or s.c. at multiple sites. In 2
experiments with iodoacetamide-modified cells vaccinations
were given on the indicated days: Experiment 1, Days 1, 8, 15,
29,50,57,86,93,100,107,114,121,and 148;Experiment
2,Days 1,8,15,22,50,63,77,85,107,113,1l9,and132.
Mitomycin C-treated cells (Experiment 2) were given on Days
1, 8, 15, 22, 36, 50, 57, 63, 77, 85, 92, 113,and 132.
Challenge was with l0@ viable P1798 cells on Day 171 in
Experiment 1 and on Day 139 in Experiment 2.

Preparation of Specific Anti-PI 798 in Allogeneic Mice. For
preparation of antiserum to P1798 in allogeneic mice, l0@ to
10â€•ascites tumor cells were injected i.p. into C57BL/KSJand
DBA/2J mice. Both strains are H-2@@like BALB/c mice from
which P1798 was obtained. Although DBA/2J mice suc
cumbed to progressive tumor growth, C57BL/KSJ mice
rejected the implant. The latter were periodically boosted with
increasing numbers of cells up to i07 . Mice were bled by
retroorbital puncture 4 or 5 days after a booster injection.
After about 1 week of rest they were restimulated and in this
way could be bled many times. To remove antibodies to
normal tissue antigens sequential absorptions were performed
by incubating equal volumes of antiserum and a mince of
BALB/cJ spleen, thymus, liver, and brain. Incubations were
for 30 mm at 37Â°followed by centrifugation and removal of
the supernatant serum for absorption with fresh tissue.
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Antibody Tests. Serum collected by retroorbital puncture
of mice bearing P1798 or putatively immunized to the tumor
was examined for anti-Pl798 antibodies. Indirect membrane
immunofluorescence was performed by the method of
Baldwin and Barker (5) using fluorescein isothiocyanate
conjugated rabbit anti-mouse IgG (Sylvana Co., Milbum, N.
J.). The fluorescent index was calculated by subtracting the
percentage of unstained cells in the sample with test serum
from the percentage of unstained cells with control serum and
dividing the difference by the latter figure (1 2). A test for
cytotoxic antibodies (9) was performed by incubating equal
volumes (0.2 ml) of mouse serum, guinea pig serum as a source
of complement (diluted 3 times), and cell suspension (3 X i05
cells) in a 37Â°water bath for 2 hr. After centrifugation, 0.4 ml
was removed, and the cells were resuspended in the 0.2 ml of
residual fluid. Trypan blue (0.2 ml, 0.16%) was added, and
after 5 mm the percentage of stained cells was determined in a
hemocytometer.

RESULTS

Immunological Unresponsiveness in the BALB/ c-P1798
Tumor-Host System. At various times after l0@ P1798 ascites
cells were implanted, peritoneal cells were removed and
examined for antibody coating by membrane immunofluores
cence. Serum collected simultaneously was examined for
presence of free antibody. In 10 different experiments with
this inoculum size, 100% of BALB/c mice succumbed to
progressive tumor growth with a mean survival time of 19.0 Â±
2.2 days, a time interval considered adequate for an immune
response to be observed. The fraction of tumor cells that
stained with fluorescent anti-IgG decreased as tumor growth
progressed; compared to the 44 Â±11% of peritoneal cells of
normal BALB/c mice that gave fluorescent staining, cells
collected on Days 3, 6, 10, 14, and 17 after tumor
implantation stained 38, 30, 20, 11, and 4%, respectively.
Quantitatively, the number of cells recoverable from the
peritoneum increased 200-fold between Days 3 and 14 after
implantation. Thus the smaller proportion of cells that stained
as the fraction of peritoneal cells that were tumor cells became
progressively larger indicated that they contained no antibody
coating.

Additional evidence that antibody is not produced during
tumor growth comes from determinations with serum of
tumor-bearing mice. Cells collected at various times after
implantation failed to exhibit increased fluorescent staining
when incubated with serum collected at various stages of
tumor growth (Chart 1). An increase would be expected if
there was antitimor cell antibody in the serum. Studies with
the C3H mouse-6C3HED lymphoma reported previously (29)
are presented in Chart 1 for the contrast they provide.
Evidence of a host immunological response in the latter system
is given by (a) an increasing number of cells that exhibit
membrane fluorescence during progressive tumor growth (e.g.,
from 10% with Day 3 cells to 65% for 6C3HED cells collected
Day 17 after implantation), and (b) the presence of free
antibodies in the serum of tumor-bearing mice. The latter
point is substantiated by the increase from 10% staining
observed for Day 3 cells incubated with normal C3H mouse
serum to 45% when incubated with serum from mice carrying
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Chart 1. Indirect immunofluorescence tests with ascites tumor cells
collected on the day after implantation indicated on each panel of the
chart. Cells were incubated with serum collected from tumor.bearing
mice on the indicated day after implantation (horizontal axis). Day 0
serum is from a healthy (non-tumor-bearing) mouse of the appropriate
strain.

a tumor for 14 days; similarly, for Day 6 cells, staining
increased from 15% to 45% when comparable incubations
were performed. In contrast, no increased staining was noted
for P1798 cells collected any day after tumor implantation
and incubated with serum from tumor-bearing animals
collected at any time after implantation.

Another approach to uncovering an immunological response
was to give BALB/cTex mice injections of small numbers of
P1 798 cells and examine survivors for resistance. There were
no survivors among mice given i03 cells and, from several
experiments, only 1 of 76 mice given 102 cells survived. In 2
experiments, 12 of 50 mice receiving a 10 cell challenge
survived (Chart 2); therefore, 10 cells define a lethal dose to
75% of the animals tested. On the 44th day after the 10 cell
injection, survivors were given 102 cells (Chart 2, Experiment
1). Controls receiving the same dose of cells were all dead by
Day 68 (i.e., within 24 days), but 20% of the original group of
mice remained alive. On Days 73 and 78 these surviving test
animals were given injections of 102 and 5 X 102 cells,
respectively. Although the control mice died within 26 days,
the test animals rejected the inoculum. On Day 104 of the
experiment, survivors were challenged with iO@ cells. The last
test mice succumbed to this dose by Day 142 (i.e., within 38
days), but they were more resistant than control animals,
which died by Day 126. The increased resistance of the test
mice to progressively larger numbers of P1798 cells suggests
that some minimal immune response did occur.

Vaccination with MOdifIed P1798 Cells. The standard
vaccination procedure used in these experiments was 3 weekly
injections with 108 modified cells followed 1 week later by
challenge with 10@ P1798 cells. A number of modifications
used alone or in sequence were applied without success. These
include: (a) iodoacetamide; (b) iodoacetamide followed by
@3-glucuronidase;(c) iodoacetamide followed by @3-glucosidase;
(d) 13-glucuronidase alone; (e) NaIO4 at pH 7.4; (f) NaIO4 at
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for P1798 in some experiments, but in others 5 and 6
absorptions were required (Table 2). The antiserum, which was
initially cytotoxic for P1798 cells, lost its cytotoxicity as it
became specific for P1798.

Long-term Immunization. Once a tumor-associated antigen
not present in normal tissue was demonstrated, an extended
vaccination regimen was undertaken. After 12 to 13 injections
ofP1798 cells treated with either iodoacetamide or Mitomycin
C, BALB/cJ mice exhibited greatly increased resistance to
challenge with iO@viable tumor cells (Table 3). In Experiment
1 there was no difference between groups immunized i.p. or
s.c., and 40% of the animals survived 60 days. In Experiment
2, with the vaccination-challenge interval reduced from 23 to 7
days, the number of survivors was higher with only 1 of 10

Table 1

100

80

Exp IU,

0
>
>

U,

Survival ofB.4LB/cTex mice vaccinated wit/i P1 798 cells
modified by treatment with VCNChart 2. Survival of BALB/cTex mice following injection of 10

P1798 cells. Since 12 of 50 mice survivedin the 2 experiments, 10 cells
define a lethal dose to 75% of the animals tested. Survivors in
Experiment 1 were rechallenged at the times and with the cell numbers
indicated. Survivalof previously uninoculated control mice for these
additional injections is given by the dot.and-dash lines to show the time
interval until the last animal of the group succumbed to tumor growth;
i.e., the 1st group of controls receiving102 cellson Day 44 died by Day
68; the 2nd group of controls receiving 102 cells on Day 73 and 5 X
102 on Day 78 died by Day 99; the 3rd group of controls receiving l0@
cells on Day 104 died by Day 126. The last of the original test mice
(Exp.1)diedonDay142.

pH 4.6; (g) NaIO4 followed by iodoacetamide; (h) conversely,
iodoacetamide followed by Na104 ; (i) Con A; (j) purified
phytohemagglutinin; and (k) polypropyleneimine. None of
these preparations produced prolonged survival over the
untreated control mice.

Vaccination with VCN-treated P1798 Cells. BALB/cTex
mice received either 1, 2, or 3 injections of l0@ cells treated
with VCN. Injections were at 1-week intervals on the day of
cell modification. Up to 50% of treated cells excluded trypan
blue in the 3 preparations. These cells were found still capable
of forming tumors, and they grew progressively until the death
of the host. Mean survival times given in Table 1 indicate that
some inhibition of tumor growth was demonstrated by animals
receiving multiple injections. This was true for groups receiving
VCN-treated cells and for those receiving cells incubated in the
pH 5.6 buffer without VCN. Only mice receiving 3 injections
of VCN-modified cells showed significantly prolonged survival
when compared to the control group receiving the same
number of injections (t 2.59; degrees of freedom 38; 0.025
>p > 0.01).

Demonstration of Specific P1798 Membrane Antigen.
C57BL/KSJ mice were selected for production of antiserum to
P1798, because there is no incompatibility at the H-2 locus, a
fact that could favor formation of antibodies to a weak
tumor-specific antigen. Serum collected after multiple immu
nizing injections gave positive membrane immunofluorescence
with P1798 and with normal BALB/c lymphoid elements of
the spleen and thymus. After multiple absorptions with
normal BALB/cJ tissue, tests became negative for the normal
lymphoid cells while remaining positive for tumor cells. Two
absorptions were adequate to demonstrate antibody specific

a At weekly intervals with 10@ cells/injection.
b Mean Â±S.D.

Table 2

Indirect membrane immunofluorescence with CS 7BL/KSJ anti-Pi 798

a Spleen and thymus were from normal BALB/c mice.
b In 1 experiment, fluorescent index was 0.5 after 2 absorptions.

Table 3
Effect oflong-term immunization ofBALB/cJ mice on

rejection ofPl 798 lymphoma

a 136 days after 1st challenge.
b Booster 92 days after 1st challenge; rechallenge 1 week later.
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receiving the Mitomycin C-treated cells succumbing to
progressive tumor growth. In the groups receiving iodoaceta
mide-treated cells there was 1 tumor death among 19 mice
given i.p. injections, but in the s.c. group 8 of 18 failed to
survive to Day 60. Seven of the latter group died with
progressive tumor growth by Day 29; the other death in this
group and the 1 death in the i.p. group occurred on Days 49
and 45, respectively, but it could not be determined whether
they were tumor deaths. Mean survival for control mice was
21 .1 Â±0.9 days. On Day 136 after the 1st challenge (Day 307
after beginning immunization) the 4 survivors of Experiment 1
were rechallenged with i04 P1798 cells. Control mice died on
Day 21 , and, although there was an interval of 5 months
between challenges, experimental mice exhibited prolonged
survival with deaths recorded on Days 28, 30, and 40; 1 animal
rejected the implant. The survivors of Experiment 2 were given
a booster of modified cells 92 days after the 1st challenge
(Day 23 1 after beginning vaccination) and were rechallenged 1
week later with i04 viable P1798 cells (Table 3). All mice
receiving Mitomycin C modified cells rejected the challenge.
Only 3 of 16 of the i.p. iodoacetamide group succumbed to
tumor growth, and these succumbed between Days 27 and 42.
This is prolonged survival compared to the control group,
which exhibited a mean survival time of 22.0 Â±2.4 days. Mice
immunized with iodoacetamide-modified cells by s.c. injection
were less resistant to rechallenge; 6 of 9 dying with progressive
tumor growth had a mean survival time of 31 .1 Â±4.8 days.

Antibody in Hyperimmunized BALB/c Mouse Serum. Prior
to the last booster injection of modified P1798 cells, BALB/CJ
mice undergoing long-term immunization (Table 3, Experi
ment 2) were bled and their serum was examined for
anti-P1798 antibodies by indirect membrane immunofluores
cence. P1798 cells, collected from the peritoneum of carrier
mice 7 and 11 days after implanting 2.5 X i07 tumor cells,
were used with sera of each of the 4 experimental groups; i.e.,
iodoacetamide modified and injected i.p. and s.c., and
Mitomycin C modified and injected i.p. and s.c. Antibodies
were found in all groups (Table 4). The percentage of cells
showing membrane fluorescence after incubation with experi
mental sera was increased 3.5- to 5.5-fold over the mean 17%
obtained with nonimmune BALB/c serum.

Immunological Cross-reaction between Drug-sensitive and
-resistant P1798. It was of interest to determine whether
antibodies formed in BALB/CJ and C57BL/KSJ mice against
the P1798-CSAS tumor line would cross-react with the
P1798-CRAR sublime. BALB/cJ antiserum was from mice that
rejected tumor after the long-term immunization program, and

Table 4

Demonstration ofanti-Pi 798 antibody in BALB/c serum
after long-term immunization with modified cells

absorbed C57BL/KSJ antiserum was from mice that also had
rejected tumor implants. Both antisera gave positive reactions
with the CRAR subline, although the fluorescent index was
slightly lower than with CSAS cells (Table 5).

DISCUSSION

It has been suggested (25 , 27) that tumor-host systems may
be divided into 2 types, based on their immunological
relationship. These may be classified as a type I system,
characterized by a host response against the tumor as it grows
progressively, and a type 2 system, in which the host response
is minimal or perhaps even absent. It was postulated that
modified tumor cells might be of value in stimulating immune
responses in both situations. In a type 1 system, tumor-asso
ciated antigen already capable of host recognition could be
presented by modified cells in a form in which the malignant
cells were nonproliferative or, at least, exhibited greatly
reduced growth potential. Although greater difficulty might be
anticipated in stimulating an immune response in a type 2
system, the possibility ofbreaking the unresponsive or tolerant
state exists (34).

Examples of both types of immunological relationship
between murine hosts and lymphomas originating in the given
mouse strain are now recognized. In examining the natural
immunological history of the tumor-host system, evidence was
produced that the 6C3HED lymphoma.C3H mouse relation
ship represents a type 1 system and P1 798 lymphoma-BALB/c
mouse represents a type 2 system. The basis for so classifying
these relationships is that, as 6C3HED grew progressively in
C3H mice, there was free anti.6C3HED in the blood serum,
and the tumor cells became increasingly coated with globulins
detected by reaction with fluorescent anti-mouse IgG. Similar
antibody tests with the P1 798-BALB/c system were negative
(Chart 1). In an attempt to define in more quantitative terms
the immunological relationship of BALB/c mice to P 1798,
decreasing doses of tumor cells were injected and the number
of survivors was determined. Injection of 100 or more cells
yielded no survivors, but with a 10-cell challenge, 25% rejected
the inoculum, thereby defining the lethal dose to 75% of the
animals tested. When these survivors were subsequently
challenged, first with 100 and then with 500 cells, 20% of the
original group continued to survive after control animals for
the 2 additional injections succumbed to progressive tumor
growth. This result suggests that there may have been a
minimal host response against P1 798. These mice were not,
however, capable of rejecting l0@ P1798 cells.

P1 798 cells modified by a variety of techniques were

Table 5

a Absorbed5 timeswith normalBALB/c tissues.
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applied unsuccessfully in prophylactic vaccination experiments
with a regimen that protected C3H mice against 6C3HED. The
difference in response in the 2 systems may reflect the
difference in natural immunological history. Reagents were
selected to react with sulthydryl groups and carbohydrate
structures, alter surface charge, or a combination of these.

A modest but statistically significant prolonged survival was
observed for BALB/cTex mice receiving 3 injections of
VCN-treated P1798 cells compared to control animals inocu
lated with buffer-treated cells. Although VCN-treated cells
were still able to grow in BALB/c mice, their rate of growth
was decreased by multiple injections. Application of VCN
treated lymphoma cells in other murine systems has met with
variable success. Injection of treated AKR leukemia cells into
AKR mice from the 2nd through the 4th month of life
retarded development of the spontaneous leukemia character
istic of these mice (13). At 65 weeks of age approximately
30% of treated mice were leukemia free, while no more than
5% of untreated controls were alive. A singularly striking result
was achieved by Bekesi et aL (7), who demonstrated that
VCN-treated Ll2 10 cells were more potent immunogens in
syngeneic DBA/2 mice than were irradiated cells. This result
also demonstrates the possibility of improving on irradiated
cells for immunization by selecting the proper modifying
reaction. Other workers have also reported immunization with
neuraminidase-treated L12 10 (4, 32). In C57BL X DBA/2 F1
mice iodoacetate-modifIed P388 cells were more potent in
protecting against subsequent challenge with l0@ P388 cells
than were cells altered by neuraminidase (6). VCN-modified
6C3HED cells were effective immunogens in C3H mice, but
only if they were free of the mammary tumor virus (8).

Since VCN decreases the negative charge on cells by
removing sialic acid residues, an alternative method of
producing such an effect would be to introduce positive
charges. Because of some success reported by Moroson (22)
with polycations, polypropyleneimine was used to alter
P1 798 , but the standard 3-vaccination regimen with these cells
failed to prolong survival.

SignifIcantly increased resistance of BALB/cJ mice was
achieved by long-term immunization with P1798 cells treated
with either iodoacetamide or Mitomycin C. A greater fraction
of the animals survived challenge in Experiment 2 than in
Experiment 1 (Table 3). This difference may be related to the
fact that mice were challenged just 7 days after the final
vaccination in the 2nd experiment, while in the 1st experiment
the vaccination-challenge interval was 23 days. Mice given i.p.
injections of iodoacetamide-modified cells were better pro
tected than those vaccinated s.c. against both the initial
challenge and subsequent rechallenge of survivors. No effect of
route of injection was noted with Mitomycin C-treated cells.
lodoacetamide, a sulfhydryl group reagent, reacts with the cell
membrane, but whether the action of Mitomycin C as an
inhibitor of DNA synthesis also leads to membrane alteration
is uncertain. Mitomycin C-treated lymphocytes have proved
useful as stimulator cells in the one-way MLR. Although
earlier work indicated that lymphocytes from F1 hybrids
would not proliferate when confronted with parental cells
(35), mild stimulation of DNA synthesis in cultures of
Mitomycin C-treated parental lymphocytes and untreated F1
cells has been recorded (14). This apparent conflict has been

recently resolved by the demonstration that Mitomycin
C-treated parental cells were still able to initiate a recognition
reaction against histoincompatible cells (16). In the process, a
soluble factor was released that stimulated cells of the
antibody-forming series (presumably B-lymphocytes). These
results indicate that antigens on the cell surface are maintained
after Mitomycin C treatment, and presumably this is the case
for the tumor-specific antigen of P1798 cells. On the other
hand, this observation does not rule out the possibility of an
altered cell surface, and it may be noted that the P1 798 cells
were treated with 4 times as much Mitomycin C for 9 times as
long as is generally used for inactivating lymphocytes for
1-way MLR. Comparison of irradiation and Mitomycin C
retreatment of stimulator cells in the MLR led to a conclusion
that irradiated cells were superior in 2 studies (1 1, 20),
although 1 report indicated no significant difference (3). It is
too early to predict from available information what treatment
will render lymphoma cells of a given tumor-host system
maximally immunogenic, but suifflydryl-blocking agents,
VCN, irradiation, and Mitomycin C appear most promising.

The presence of a membrane antigen on P 1798 not present
in normal BALB/cJ lymphoid cells was demonstrated with
absorbed antiserum from allogeneic CS 7BL/KsJ mice.
BALB/cJ mice subjected to long-term immunization with
modified P1798 cells also developed an antibody specific for
the malignant cells. Antibodies in both sera were demonstrable
by membrane immunofluorescence. The allogeneic antiserum
was initially cytotoxic for P1798, but as specificity was
achieved following multiple absorptions with normal BALB/cJ
tissues, cytotoxicity disappeared. The BALB/c antiserum also
lacked cytotoxicity. The tumor-specific antibodies also reacted
with a CRAR subline ofPl 798. Immunological cross-reactivity
between drug-sensitive and -resistant forms of 6C3HED was
reported previously (29). This capacity of modified tumor
cells to produce immunization against drug-resistant sublines
may be of considerable importance in their application.

The mechanism by which modified cells produce resistance
remains uncertain. It may be that the altered cells simply
present the host with weak antigen in a nonproliferating form
so that there is adequate time for the immune response to
build to sufficient potency that subsequent viable tumor cell
inoculum can be rejected. Another possibility is that altered
cells provide greater cross-reaction with unmodified cells at the
level of cellular immune response than at the level of humoral
response, as has been observed with simple protein antigens
(23, 24, 33) and with human carcinoembryonic antigen (10).
Such an hypothesis is attractive because of the role of immune
cells in tumor graft rejection. However, in the present studies
it is clear that humoral antibodies to the lymphoma cells are
produced and that resistance accompanies their appearance.
The demonstration of increased resistance to a syngeneic
lymphoma by immunization with modified tumor cells in a
tumor-host system characterized by minimal immunological
responsiveness is encouraging with regard to future application
of this approach.
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