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SUMMARY

That treatment with 5-(3,3-dimethyl- l-triazeno)imidaz
ole-4-carboxamide (DIC) in vivo may have induced new
antigen(s) on L1210/Ha leukemic cells is supported by
the finding of spleen cells in sensitized mice that are spe
cifically immune to the DIC-treated Ll210/Ha leukemia
(L I2 lO/Ha/DIC).

An infusion of immune spleen cells â€œcuredâ€•immuno
suppressed BALB/c x DBA/2 Cr F1 mice bearing the
Ll2lO/Ha/DIC leukemia and did not exhibit any ther
apeutic activity in mice bearing 106 cells of the parental
L12l0/Ha leukemia. Spleen cells that are immune to
syngeneic or allogeneic tumor cells did not protect the mice
challenged with 106 Ll210/Ha/DIC cells.

The therapeutic activity of immune spleen cells is in
creased as the number of cells is increased. The extent of
activity was influenced by the size of the tumor inoculum,
the time of lymphocyte transfusion following inoculation
of viable leukemia, and the amount of sensitizing antigen.
Adoptive immunotherapy using Ll2lO/Ha cells with in
creased immunogenicity resulting from in vivo DIC treat
ment provides a potential approach for experimental can
cer therapy.

INTRODUCTION

Immunotherapy approaches to cancer are usually de
signed to obtain an adequate immune reaction of the host
against tumor-associated antigens. In general, however,
specific antigens are too weak (6, 17) or may even stimu
late the production of enhancing antibodies, resulting in
accelerated tumor growth (7, 9). Therefore, attempts have
been made to increase the cytotoxic immune response or
tumor cell immunogenicity of the host. Although non
specific immunostimulation has been demonstrated, the
results in terms of long-term survival of the tumorous host
have not been completely satisfactory (8, 11). On the other
hand, a number of methods utilized to increase tumor cell
antigenicity resulted in little activity because the majority
of these methods did not produce stable, transmissible
antigenic changes. Coating of tumor cells with new anti
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genic determinants (10, 13) or unmasking membrane anti
gens through enzymatic treatment, such as with neuramini
dase (1, 18), was carried out in vitro and produced new an
tigenic targets only in treated cells, without affecting
subsequent cell generations.

A number of studies (2-5, 12, 14-16) have shown that it
is possible to increase the immunogenic properties of can
cer cells following in vivo treatment with anticancer agents.
In all of these studies the results have suggested the pos
sibility of altering tumor cell antigenicity in vivo following
short- (4) or long-term treatment (2, 3, 5, 12, 14- 16) with
antitumor drugs. The data have also indicated that the
new antigenic properties were heritable, persisting indef
initely after suspension of drug treatment. Therefore, the
presence of new antigenic targets on tumor cells in an ex
panding cell population seems to meet one of the most
crucial requirements for tumor immunotherapy based on
increased tumor immunogenicity.

In the present study we report the therapeutic effect
produced by adoptive transfer of immune spleen cells into
mice bearing a subline of Ll2lO leukemia transformed by

2 ,@ vivo. The data provide strong evidence that the

increased immunogenicity of leukemic cells resulting from
DIC treatment in vivo could be exploited for effective
immunotherapy.

MATERIALS AND METHODS

Animals. Inbred C57BL/lOSc Cr, C57BL/6J, DBA/2
Cr, and BALB/c x DBA/2 Cr F1 (hereafter called
CD2F1) mice of both sexes were used in these experiments.

Tumors. Ll2lO/Ha (3) was obtained through the cour
tesy of Dr. E. Mihich, Roswell Park Memorial Institute,
Buffalo, N. Y. EL4 and E@G2 were kindly furnished by
Dr. G. Della Porta, National Cancer Institute, Milan,
Italy. Ascitic lymphomas Ll210/Ha and L5178Y were
maintained in CD2F1 male mice and EL4 (ascites) and
E@G2 (splenic tumor) were maintained in C57BL/6J mice
by weekly passages i.p. in compatible mice.

Ascitic Ll2lO/l-Ia/DIC was developed in CD2F1 mice
bearing L12l0/Ha leukemia, following daily i.p. treatment
with DIC (100 mg/kg) for 3 transplant generations (2).
Since l0@ Ll210/Ha/DIC leukemic cells are rejected by

2The abbreviations used are: DIC, 5-(3,3-dimethyl-l-triazeno) imi
dazole-4-carboxamide; CY, cyclophosphamide.
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CD2F1 mice compatible with the parental Ll2lO/Ha
leukemia, the tumor was maintained in CD2F1 mice pre
viously immunosuppressed by administration of CY (200
mg/kg, i.p.) 24 hr before tumor implantation.

Drugs. CY and DIC were supplied by Dr. I-I. B. Wood,
Jr., Drug Research and Development, Division of Cancer
Treatment, National Cancer Institute, Bethesda, Md.

Radiation. Mice were immunosuppressed by whole-body
X-radiation (400 R; Securix Compact; 200 kV; 12 ma;
filter: Cu, 0.5 mm; Al, 0.5 mm; distance 30 cm; dose rate,
58.3 R/min). Leukemic cells were inactivated by radiation
with the same instrument but with the distance adjusted
to 23 cm and with a dose rate of 98.2 R/min for a total
dose of 5000 R.

ExperimentalDesign.CD2FI malemicewereimmuno
suppressed [400 R, or CY (200 mg/kg) i.p.J 24 hr before
tumor inoculation and, the day after i.p. tumor inocula
tion, were given i.v. injections of spleen cells collected from
normal or immune CD2F1 mice. Lymphocytes and EtG2
leukemia cells were expressed gently from the spleen,
passed through cotton gauze, and suspended at the desired
concentration in chilled Medium 199 (Difco Laboratories,
Inc., Detroit, Mich.).

RESULTS

An experiment was conducted to determine the influence
of adoptive transfer of immune spleen cells on the growth
of leukemia Ll210/Ha and the subline Ll210/Ha/DIC
(Table I). CD2F1 mice that were compatible with the
parental Ll2lO/Ha leukemia rejected the L12l0/Ha/DIC
subline. In contrast, the drug-transformed subline that
was transplanted into immunosuppressed CD2F1 mice
grew at approximately the same rate as the original Ll210/

Ha. Immunosuppressed CD2FI mice, inoculated with 10'
L1210/Ha/DIC viable cells, showed no evidence of tumor
growth following adoptive transfer of spleen cells that
were collected from syngeneic CD2F1 mice sensitized to
Ll210/Ha/DIC. The survival time of immunosuppressed,
L1210/Ha/DIC-bearing leukemic mice was not increased
by a transfusion of nonimmune lymphocytes or lympho
cytes sensitized to parental Ll2lO/Ha leukemia, to other
tumors, or to C57BL/ lOSc Cr allogeneic skin tissue.

When 106 parental L1210/Ha leukemic cells were in
oculated into immunosuppressed mice, i.v. transfer of
spleen cells that were collected from normal or immune
CD2F1 mice as described above did not prolong the life
span of leukemic recipients (Table I ). There was no increase
in survival time of mice bearing the parental L1210/Ha
leukemia that had received injections of lymphocytes
immune to L I2 10/Ha/DIC leukemic cells.

A positive relationship was observed between the num
ber of L 12 10/Ha/DIC leukemic cells injected into immuno
suppressed mice and the number of immune spleen lympho
cytes required to prevent tumor growth (Table 2).

On different days following tumor inoculation, immuno
suppressed CD2F1 mice inoculated with l0@or 10' LI2IO/
Ha/DIC viable cells received an adoptive transfer of
20 x 106 immune lymphocytes (Table 3). Immune lympho
cytes, injected 4 days after inoculation of l0@ tumor cells,
protected all of the animals. However, when the immune
lymphocytes were withheld until the 6th day, only 50%
of the animals survived. At the higher tumor cell challenge
(10' cells), 50% of the animals succumbed when inocula
tion ofthe immune lymphocytes was withheld for 48 hr.

The protective activity of spleen cells from mice pre
viously immunized with differing numbers of Ll2lO/Ha/
DIC cells is reported in Table 4. Spleen cells from mice

Table I

The influence of adoptive transftr of immune spleen cells into CD2FI male mice bearing the L 1210/Ha
leukemiaor theL1210/Ha/DIC subline

a Similar results were obtained in CD2F, mice immunosuppressed by whole-body radiation (400 R).

b Spleen cells were obtained from nonimmune or immune CD2F, male mice. Mice were sensitized to

11210/Ha, Ll2lO/Ha/DIC, or L5I78Y with an â€˜i.p.inoculum of 40 x 10' inactivated cells. At 2-week
intervals mice were challenged i.p. with successively increasing numbers of viable cells (10', 10', l0@, 10').
Anti-EL4 or E'G2 spleen cells were from mice inoculated twice with 10 x 106cells at 2-week intervals, and
anti-CS7BL/10 spleen cells from mice inoculated twice, s.c., with C57BL/l0 skin tissue. Spleen cells were
collected 2 weeks after the last challenge.

C MST, Median survival time: D/T, dead mice/total; N, nonimmune; I, immune.
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Table 2
Influence of number of immune spleen cells inoculated into immunosuppressed L 1210/Ha/DIC

leukemic CD2F, male mice

â€ S̃pleen cells were obtained from CD2F, male mice challenged twice with

viable cells at 2-week intervals and sacrificed 2 weeks after the last challenge.
â€˜ MST, median survival time: D/T, dead mice/total.

Table 3

106 L1210/Ha/DIC

Immune spleen cells inoculated into immunosuppressed L1210/Ha/DIC leukemic CD2F1 malemiceatvariousdaysaftertumorimplantation

a Spleen cells were obtained from CD2FI male mice challenged twice with 10' Ll2lO/Ha/DIC

viable cells at 2-week intervals and sacrificed 2 weeks after the last challenge.
h MST, median survival time; D/T, dead mice/total.

immunized with 102 Ll210/Ha/DIC cells failed to pro
tect any of the mice inoculated with 10' viable Ll210/Ha/
DIC cells. Following immunization with lO@or more cells,
adoptive transfer exerted antilymphoma effects in accord
ance with the size ofsensitizing inoculum.

DISCUSSION

A number of studies have provided evidence that DIC
treatment in vivo resulted in an increase of immunogenicity
of L1210 leukemic cells (2-5, 12, 14 16). In the current
study it was demonstrated that such increased immuno
genicity of leukemic cells could be utilized in adoptive im

munotherapy. Ll210/Ha/DIC cells inoculated into CD2F1
mice that were compatible with the untreated parental
leukemia yielded a spleen cell population that was capable
of protecting immunosuppressed mice bearing the Ll2lO/
Ha/DIC leukemia, as evidenced by the survival of the
animals. In contrast, anti-L l2lO/Ha/DIC immune
lymphocytes failed to protect mice bearing 106 cells of the
parental L I2 10/ Ha leukemia. The specific anti-L 1210/
Ha/DIC therapeutic activity of spleen cells immunized
against Ll210/Ha/DIC suggests that an antigen(s) not de
tectable on Ll2lO/Ha parental cells may be present on
Ll2lO/Ha/DIC cells.

Adoptive transfer of lymphocytes that are immune to
other syngeneic or allogeneic tumor cells did not exhibit
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Table 4
Spleen cellsfrom CD2F, mice immunized with increasing numbers ofLl2IO/Ha/DJC viable cells

inoculated into immunosuppressed CD2F, male mice bearing the L1210/Ha/DIC leukemia

a Spleen cells were obtained from CD2FI mice immunized with 102, l0@, etc., L12l0/Ha/DIC

viable cells, 2 weeks before spleen cell transfer.
b MST, median survival time: D/T, dead mice/total: I, immune.

therapeutic activity against mice challenged with 106
Ll2lO/Ha/DIC leukemia cells, suggesting that there is
no extensive cross-reactivity between any DIC-depen
dent antigens and leukemia-associated or H-2 alloantigens.

The immunological nature of the protection afforded by
the adoptive transfer of immune spleen cells is emphasized
by the quantitative relationship between Ll2lO/Ha/DIC
target cells and immune lymphocytes. The number of
spleen cells immune to Ll2lO/Ha/DIC that was required
to prevent tumor growth was proportional to the size of
the L I2 l0/Ha/ DIC challenge in immunosuppressed
mice. The therapeutic activity of the immune spleen cells
was diminished when their administration was withheld
for longer periods following leukemic inoculation, appar
ently because of the rapid increase in leukemic cell num
her. Nevertheless, the antilymphoma effect of the immune
spleen cells was sufficient so that, even on delayed admin
istration, an appropriate number of immune cells could
offer a measure of protection to mice with Ll210/Ha/
DIC leukemia. This strongly supports the potential ef
fectiveness ofthis therapeutic approach.

In the current investigation additional evidence is pre
sented to support the hypothesis of the presence of new
antigenic properties on Ll2lO/Ha leukemic cells that had
been treated in vivo with the compound DIC. Since data
have been obtained in this laboratory showing that in
creased immunogenicity could be obtained in other tu
mor systems (15, 16), the applicability of the adoptive
immunotherapy model presented here may be of rather
general significance for cancer therapy.
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