Prevention of Death from Metastases by Immune RNA Therapy

Abstract. The effect of immune RNA treatment on the incidence of death from
pulmonary metastases was studied in C57BL/6J mice after excision of a BI6 murine
melanoma. Immune RNA was extracted from the lymphoid tissues of guinea pigs
immunized with Bl16 tumor and then incubated in vitro with normal C57BL/6J mouse
splenocytes. Mice receiving intraperitoneal injections of these RNA-treated synge-
neic splenocytes after the primary Bl6 isograft was resectioned showed significantly
improved long-term survival (42 to 67 percent in three successive experiments) as
compared to control mice (0 to 20 percent survival) receiving untreated splenocytes.
The effect of RNA treatment was tumor-specific and ribonuclease sensitive. The re-
sults suggest that immunotherapy with immune RNA may be of benefit to certain

patients after surgery for cancer.

Immune RNA (I-RNA) extracted from
the lymphoid tissues of sensitized ani-
mals has been reported to transfer spe-
cific immune responsiveness both in vi-
tro and in vivo (/). Its ability to transfer
tumor-specific immunity has potential
clinical application. Despite a number
of reports of successful immunopro-
phylaxis against experimental animal tu-
mors with I-RNA (2), its effects on es-
tablished tumors have been disappoint-
ing. temporary interference with tumor
growth has been the maximum result
achieved in most experiments (2).

Treatment with I-RNA shares with
most other forms of immunotherapy a
lack of effectiveness in animals with a
sizable tumor burden. A more logical
setting for potential application of I-
RNA would be the circumstance in
which all gross tumor has been excised,
and in which the goal of I-RNA immuno-
therapy is the prevention of metastatic
tumor recurrence. However, the data in
which [-RNA has been successful in pre-
venting death from metastases have been
insufficient (3). We now report repeated
and consistent reduction in death from
pulmonary metastases in C57BL/6J mice
by I-RNA treatment after excision of a
primary B16 melanoma isograft.

The B16 melanoma and Lewis lung
carcinoma (3LL) were originally ob-
tained from the Jackson Laboratory, Bar
Harbor, Maine, and from Dr. A. E. Bog-
den, Mason Research Institute, Worces-
ter, Mass., respectively. They were
maintained by serial transplantation in
adult male C57BL/6J mice. Both tumors
cause death from pulmonary metastases
in a high percentage of mice after ex-
cision of primary tumor isografts. The
tumors were antigenically distinct from
each other in a standard in vitro
[***I)deoxyuridine release microcytotox-
icity assay (4).

Immune RNA was prepared (5) by in-
jecting into the foot pads of Hartley guin-
ea pigs a mixture of tumor cells in com-
plete Freund's adjuvant (CFA). Two
weeks later, spleens and lymph nodes of
immunized animals were harvested, and
[-RNA was extracted by the hot phenol
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method and stored in ethanol at —20°C
until use. Only nondegraded I-RNA as
determined by ultracentrifugation in su-
crose density gradients was used. After
the ethanol was completely removed, I-
RNA was dissolved in RPMI 1640 medi-
um and added to a tris-ammonium chlo-
ride-treated splenocyte suspension pre-
pared from normal C57BL/6J mice, at a
concentration of 750 to 1000 ug for every
5 X 10% splenocytes in 1 ml of RPMI
1640 medium. After incubation at 37°C in
a 10 percent CO, atmosphere for 30 min-
utes, the cells were collected by centrifu-
gation, and RPMI 1640 medium with 1
percent penicillin and streptomycin was
added until 1 ml of cell suspension con-
tained approximately 75 X 108 RNA-in-
cubated splenocytes.

The effectiveness of I-RNA in pre-
venting metastases was tested by inject-
ing 50 to 60 C57BL/6J mice with 2 X 10?

B16 tumor cells into the left hind limb.
Two to three weeks later, after isografts
became palpable, the limbs were ampu-
tated. Beginning 2 days later, each ani-
mal received five intraperitoneal injec-
tions, administered at 2-day intervals, of
75 x 10° syngeneic normal splenocytes
that had been treated in several ways in
vitro. The survival rate of each group of
10 to 13 mice was recorded until 100 days
after the primary isograft excision. Se-
lected survivors were killed and autop-
sied to prove absence of metastases. The
significance of the difference in survival
between groups was analyzed by Fisher
exact probability test.

In the first experiment, all animals that
received untreated splenocytes or sple-
nocytes that had been incubated in
vitro with nonspecific [-RNA extracted
from the lymphoid tissues of 3LL tumor-
immunized guinea pigs died of proven
pulmonary metastases by 46 days after
resection of the primary B16 isografts
(Fig. 1). However, treatment with
splenocytes incubated with specific B16
I-RNA significantly increased long-term
survival to 42 percent (P = .013). Treat-
ment of B16 I-RNA with pancreatic ri-
bonuclease (50 wg/ml) for 30 minutes
before incubation with splenocytes de-
stroyed its therapeutic capability (sur-
vival rate = 8 percent). Furthermore.
administration of splenocytes that had
been incubated with B16 I-RNA had no
effect on animals that had had 3LL iso-
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Fig. 1. CS7BL/6J mice were injected with 2 X 10* B16 tumor cells into the left hind limb. The
limbs were amputated after tumor isografts became palpable. Beginning 2 days later, all animals
received five injections (indicated by arrows) of syngeneic splenocytes. Thirteen animals re-
ceived normal untreated splenocytes (___), 12 animals received splenocytes that had been
treated in vitro with B16 I-RNA (-----), 13 animals received splenocytes treated with nonspecif-
ic 3LL I-RNA (--), and 12 animals received splenocytes incubated with ribonuclease-treated
B16 I-RNA (—*—:—-). Ten animals that had had 3LL tumors amputated and were then treated
with B16 I-RN A-incubated splenocytes were also tested (—--——). The survival rate was re-
corded until 100 days after the primary isograft excision.
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grafts amputated (survival rate = 10 per-
cent), indicating the specificity of the tu-
mor immunity transferred by I-RNA. A
similar therapeutic effect of I-RNA-in-
cubated splenocytes was shown in the
second experiment (Fig. 2). The survival
rate of B16 I-RNA-treated animals was
67 percent compared to 20 percent for
control animals that received untreated
splenocytes (P = .038). RNA extracted
from guinea pigs that had been immu-
nized with CFA without tumor was inef-
fective (survival rate = 14 percent). The
treatment of B16 I-RNA with ribonu-
clease again abolished its effectiveness
(survival rate = 20 percent). The effect
of varying the frequency of treatment
with I-RNA-incubated splenocytes was
tested in a third experiment (Fig. 3).

Both three and nine injections of - RNA-
incubated splenocytes increased survival
rates to 57 percent (P = .06) and 44 per-
cent (P = .11), respectively, compared
to 10 percent survival for control ani-
mals. Because of the smaller number of
animals being tested in this experiment,
the statistical difference in survival be-
tween I-RNA-treated and control ani-
mals was not significant. However, when
all three experiments are considered to-
gether, the survival of I-RNA-treated
animals was significantly improved com-
pared to that of control animals
P = .0001).

No animal in any experiment manifest-
ed evidence of toxicity after administra-
tion of I-RNA-treated splenocytes. No
animal surviving 100 days after amputa-
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Fig. 2. Ten C57BL/6J animals received untreated splenocytes (___), nine animals received
splenocytes that had been incubated with B16 I-RNA (-----), ten animals received splenocytes
incubated with ribonuclease-treated B16 I-RNA (———/), and seven animals received spleno-
cytes treated with RNA extracted from guinea pigs immunized with CFA without tumor ().
The survival rate was recorded until 100 days after the primary isograft excision.
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Fig. 3. Ten animals received nine injections (indicated by arrows) of untreated splenocytes
(), nine animals received nine injections of splenocytes previously incubated with B16 I-
RNA (------ ), and seven animals received three injections of I-RNA-incubated splenocytes
(———). The survival rate was recorded until 100 days after the primary isograft excision.
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tion of the primary tumor had gross or
microscopic evidence of pulmonary me-
tastases. As previous studies have
shown (6), I-RNA appeared to transfer
significant and specific immune reactiv-
ity to previously unsensitized lympho-
cytes. The effectiveness of I-RNA was
abolished by treatment with ribonu-
clease, suggesting the necessity for an in-
tact RNA molecule for the production of
the biological effect.

Although we did not achieve 100 per-
cent prevention of death from metas-
tases, a 34 to 47 percent improvement in
survival rate was consistently seen. The
long-lasting effect (more than 100 days)
of I-RNA immunotherapy is encouraging
for its future clinical application since
this experimental model resembles the
clinical situation in which I-RNA immu-
notherapy might be employed—that is,
the patient who has had all gross tumor
removed by surgery and who then re-
ceives therapy with I-RNA in an attempt
to prevent the future development of dis-
tant metastases. Deckers and Pilch (7)
have proposed a similar clinical immuno-
therapy regimen in which animals are im-
munized with the human tumor removed
from patients at surgery. The I-RNA ex-
tracted from these immunized animals is
incubated in vitro with autologous pe-
ripheral blood lymphocytes and then
reinfused into the same patient. Our re-
sults support the clinical trial of this kind
of therapy.
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