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SUMMARY

Inbred â€¢¿�Fischer 344/N rats were immunized to a
benz(a)pyrene-induced Fischer 344/N sarcoma (BP-1R) by the
excision of growing tumor transplants. This tumor contained
tumor-specific transplantation antigens; spleen cells from rats
immunized to this tumor adoptively transferred tumor-specific
transplantation immunity to syngeneic, normal recipients.
RNA-rich extracts were prepared from the spleens of
immunized rats. Normal, nonimmune, syngeneic spleen cells
were incubated in vitro with these preparations of "BP-1R-
immune" RNA and injected i.v. into Fischer 344/N rats daily

for 3 days. The growth of BP-1R isografts in rats inoculated 24
hr after the 3rd injection of these RNA-treated spleen cells was
significantly inhibited when compared to recipients of
syngeneic spleen cells preincubated with RNA from the
spleens of unimmunized Fischer 344/N rats or to untreated
controls (no spleen cells). In a similar, but not identical,
experiment, BP-1R isografts were inoculated synchronous with
the 1st of 3 daily injections of syngeneic spleen cells
preincubated with BP-lR-immune RNA. Significant reduction
in the incidence of tumor isograft development was noted in
recipients of these RNA-treated spleen cells when compared to
recipients of untreated Fischer 344/N spleen cells or to
untreated controls. Treatment of the active immune RNA
preparations with RNase resulted in their complete inactiva-

tion.

INTRODUCTION

The conversion of normal, nonimmune lymphoid cells to
specific immunoreactive status by incubation with cell-free
filtrates prepared from lymphoid cells or tissues following
exposure to specific antigens was first demonstrated in 1961,
by Fishman (14). He and his coworkers showed that an
RNase-sensitive substance extracted from rat macrophages
exposed in vitro to T2 phage could transfer to normal,
nonimmune rat lymph node cells the ability to produce
antibodies to T2 phage antigens (14). Mannick and Egdahl (29,
30) subsequently demonstrated for the 1st time that skin
allograft immunity could be transferred to previously
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untreated rabbits by the i.v. administration of autologous
spleen cells which had been preincubated with RNA extracted
from the lymphoid organs of specifically immunized donor
rabbits. Rabbits that received such RNA-incubated spleen cells
rejected, in an accelerated fashion, skin allografts from the
rabbit used to immunize the RNA donor, while "indifferent"
3rd-strain skin allografts were rejected in normal, "Ist-set"

fashion. This work was subsequently confirmed by Sabbadini
and Sehon (38) and by Ramming and Pilch (34). These
investigators confirmed that RNA appeared to be the active
moiety in these preparations of immune RNA by demon
strating that the activity of the nucleic acid-rich extracts could
be abrogated by treatment with RNase (14, 17, 29, 30, 34).

Ramming and Pilch then adapted the model of Mannick and
Egdahl to study the mediation of immunity to tumor antigens
by RNA-rich preparations extracted from the lymphoid organs
of rodents immunized to tumors. They demonstrated that
immunity to murine tumor isografts could be transferred to
previously untreated mice by the i.p. administration of
syngeneic spleen cells preincubated with RNA extracted from
the lymph nodes and spleens of guinea pigs immunized with
the particular mouse tumor being treated (31, 35, 37). The
effects observed in this system were abolished by treatment of
the active RNA extracts with RNase, but treatment with
DNase or Pronase did not effect activity. In this system, the
guinea pigs were immunized to murine transplantation
antigens as well as to TSTA.3 However, RNA extracted from

the lymphoid organs of guinea pigs immunized with normal
murine tissues failed to mediate an antitumor response, which
indicated that the response was tumor specific (35). The
immunity was also specific for the particular tumor used to
immunize the guinea pigs from which the immune RNA was
prepared (37). These 2 findings provided indirect evidence of
the specificity of these reactions for the TSTA of the murine
tumor.

So that direct evidence could be obtained that immune
RNA could mediate immune responses to TSTA, it was
necessary to use a system in which the tumor cells, the
lymphoid tissues from which RNA was extracted, the spleen
cells incubated with the RNA, and the recipient host were all
from members of a single, inbred strain of animal. This would
eliminate the possibility that the inhibition of tumor isograft
development observed might be due, in part, to immune
responses directed against transplantation antigens. Recent
reports from our laboratory have described the immune

3The abbreviation used is: TSTA: tumor-specific transplantation

antigens.
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cytolysis of strain 2 guinea pig tumor cells in vitro by
syngeneic spleen cells preincubated with RNA extracted from
the spleens of strain 2 guinea pigs immunized by amputation
of growing transplants of the same tumor (36). This in
vitro study demonstrated, for the 1st time, the mediation of
an immune response to tumor-specific antigens by syngeneic
immune RNA. In all earlier studies on the transfer of
transplantation or tumor immunity with RNA, whether in
vitro or in vivo, allogeneic or xenogeneic lymphoid cells or
tissues were utilized as sources of immune RNA. It remained
to demonstrate that syngeneic immune RNA extracted from
the lymphoid tissues of inbred animals immunized only to the
TSTA of an experimental tumor could mediate an antitumor
immune response in vivo. The experiments which form the
basis for the present report were, therefore, designed to study
the transfer of immunity to TSTA in vivo in an experimental
rodent system in which the tumor cells, RNA donor, spleen
cells, and recipient animals would all be members of a single
inbred strain.

MATERIALS AND METHODS

Tumor-Host System. Inbred male and female Fischer 344/N
rats obtained from the Animal Production Unit of the NIH
were used. The tumor used was a sarcoma, designated BP-1R,
induced in an adult female Fischer 344/N rat by the s.c.
injection of 0.1 ml of a 1% solution of 3,4-benz(a)pyrene in
sesame oil. The BP-1R sarcoma was maintained by serial
transplantation in adult female Fischer 344/N rats and was
used in its 3rd through 15th transplant generations. Tumor cell
suspensions were prepared, as previously described (8, 37), by
a modification of the method of Hammond et al. (22). The
cumulative incidence of tumor isograft growth following the
s.c. inoculation of varying numbers of viable BP-1R tumor
cells in untreated female Fischer 344/N rats was determined. A
challenge tumor cell inoculum which gave rise to palpable
tumors in approximately 60 to 85% of untreated animals was
selected. This was determined for each subsequent transplant
generation of the BP-1R tumor and varied between 10s cells in
Transplant Generations 2 to 6 and IO3 cells for Transplant

Generations 10 to 15.
The presence of TSTA in the BP-1R sarcoma was

established prior to each experiment after the manner of Prehn
and Main (33). Male Fischer 344/N rats were given injections
of IO6 viable BP-1R tumor cells s.c. in the right hind limb.
Tumors developed in all animals, and the tumor-bearing
extremities were amputated by actual cautery when the
tumors reached 2.0 cm in diameter. At 5 and 21 days after
amputation, immune rats were challenged s.c. with IO5 viable
BP-1R cells from the same transplant generation used for
immunization. Untreated rats were similarly inoculated with
10s BP-1R cells and served as challenge controls.

Adoptive Transfer Studies. Thirty-three adult female
Fischer 344/N rats were inoculated i.m. in the right hind limb
with IO6 viable BP-1R tumor cells. Palpable tumors had

developed in all animals 15 days later. Twenty days after the
initial tumor transplantation, when the tumors were 1.5 to 2.0
cm in diameter, these tumor-bearing rats underwent ampu
tation of the right hind limb by actual cautery under sodium

pentobarbital anesthesia. These rats were challenged s.c. in the
left flank with 10s viable BP-1R tumor cells 10 days later. At

the same time, 12 untreated Fischer 344/N rats were given
injections of 10s BP-1R cells and served as challenge controls.

Palpable tumors had developed in 90% of the challenge control
animals 3 weeks later. However, tumors had not developed in
any of the rats from which a growing BP-1R tumor isograft
had previously been excised. These immune rats were then
given 2 additional s.c. inocula of 10s BP-1R tumor cells 31

and 38 days after amputation of the original tumor-bearing
limb. On the 6th, 7th, and 8th days after the last inoculation
of BP-1R cells, a group of 11 immune rats was sacrificed, and
their spleens were removed.

Spleen cell suspensions were prepared by a modification of
the method of Ramming and Pilch (36) as described previously
(8). The spleen cell suspensions were diluted in Hanks'
balanced salt solution to a concentration of 5 X IO7 to
5 X 108 viable spleen cells/ml. Viable cells were quantitated in

a hemocytometer by determining the number of cells that
excluded 0.4% trypan blue. Approximately 75 to 90% of
the cells in these spleen cell suspensions were viable by this
criterion.

Previously untreated, 100- to 150-g, female Fischer 344/N
rats were given 1 ml of the immune spleen cell suspensions i.v.
via their tail veins daily for 3 days. Twenty-four hr after the
last spleen cell injection, all rats were challenged with 10s
viable BP-1R tumor cells s.c. in the left flank. A challenge
control group of previously untreated rats was given 10s

tumor cells at this time. A 2nd control group of rats was given
5 X IO7 to 5 X IO8 spleen cells from untreated female Fischer

344/N rats daily for 3 days and a similar challenge inoculum of
10s BP-1R cells 24 hr after the last "normal" spleen cell

injection.
The cumulative incidence of tumor development was

recorded 3 times weekly, x2 statistical analyses of the

cumulative tumor incidence in each group were performed at
several time intervals after tumor challenge utilizing Fischer's

exact test (13).
Transfer of Tumor-specific Transplantation Immunity by

Spleen Cells Preincubated with Immune RNA. Sixty female
Fischer 344/N rats were immunized to the BP-1R sarcoma by
amputation of hind limbs bearing growing tumor transplants.
These rats were then hyperimmunized by 3 additional s.c.
inoculations of 10s viable BP-1R tumor cells in a manner

similar to that described above for the adoptive transfer
studies. The rats were sacrificed 8 days after the last
inoculation of BP-1R cells. Their spleens were quickly excised
and immediately frozen in Dry Ice. On the same day, spleens
were also obtained from 60 untreated adult Fischer 344/N
rats. RNA was then extracted independently from each group
of spleens by a hot phenol method previously described (8, 34,
37). The RNA was precipitated overnight at -20Â° in 2.5

volumes of absolute ethanol. The precipitated RNA was then
washed once with 3:1 ethanol:water solution and dissolved in
Earle's balanced salt solution without penicillin or strepto

mycin to a final concentration of approximately 600 to 900
jug/ml.

The RNA content of these preparations was determined by
the orcinol reaction (10), the DNA content was determined by
the diphenylamine reaction of Dische (10), and the protein
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content was determined by the method of Lowry et al. (27).
The yield of RNA extracted from the spleens of Fischer rats
was approximately 2 mg of RNA/g of wet tissue. The DNA
and protein content of these RNA-rich preparations was 1 to
10% of the RNA content. Both the immune and normal RNA
solutions were then made 0.35 M with respect to sucrose and
divided into 3 equal aliquots by volume. Two aliquots from
each RNA solution were immediately frozen and stored at
-20Â° for use on the 2nd and 3rd days of the experiment.

Spleens were obtained from untreated Fischer 344/N rats,
and spleen cell suspensions were prepared as described above.
The spleen cells from 15 untreated rats were resuspended
independently in immune rat RNA and normal rat RNA on
each of the 3 days of the experiment to a concentration of
IO7 to IO8 spleen cells/ml RNA. The RNA-spleen cell
mixtures were incubated at 37Â°for 20 min in a gyratory

shaking water bath (New Brunswick Scientific Co., New
Brunswick, N. J.), washed once with cold Hanks' balanced salt
solution, and resuspended in Hanks' balanced salt solution to a
concentration of 5 X IO7 to 5 X IO8 viable "RNA-incubated"

spleen cells/ml.
Groups of 12 100- to 150-g female Fischer 344/N rats were

given 1 ml of one or the other of the RNA-incubated spleen
cell suspensions i.v. via their tail veins daily for 3 days. All rats
were inoculated s.c. with 3.5 X IO4 BP-1R tumor cells in their

RNA-mediated Immunity to TSTA in Rats

left flank 24 hr after the last injection of RNA-incubated
spleen cells. Twelve untreated rats were inoculated with
3.5 X IO4 BP-1R tumor cells alone (no spleen cells) and served

as challenge controls.
A 2nd experiment was then performed which was identical

to the 1st experiment in all respects except that experimental
rats in all groups were inoculated s.c. with 1 X IO3 BP-1R

tumor cells in their left flank synchronous with the 1st i.v.
administration of RNA-incubated spleen cells. The 2nd and
3rd injections of RNA-incubated spleen cells were given 24
and 48 hr after the tumor isograft.

Two additional control groups were included in this
experiment. One group of rats received syngeneic spleen cells
preincuba ted with BP-lR-immune RNA which had earlier been
treated for 1 hr at 37Â° with RNase (RNase A, RAF,

Worthington Biochemical Corp., Freehold, N. I.); dissolved in
phosphate-buffered saline, pH 7.4; and added to the immune
RNA to a concentration of 15 Atg/ml. Previous studies from
our laboratory have shown that treatment with RNase at this
concentration will effectively degrade preparations of immune
RNA and totally inactivate them (9, 36,37). The 2nd control
group of rats was given normal, syngeneic spleen cells that had
never been incubated with any RNA preparation.

The immune RNA preparations used in both of these
experiments were characterized with respect to their

Table 1
Cumulative incidence of tumor development in Fischer 344/N rats following

the s.c. injection of varying numbers ofBP-lR cells

No.ofgroup

inoculated"Immune0UntreatedImmunecUntreated10'10Â«IO510sTotal

no.in

group12122020No.

of rats withtumorbDay

150804Day2011109Day30212015Day35212015Final
tumor

incidence2

(17%)d12(100%)0

(0%)d15

(75%)

a The total number of viable BP-1R cells in 0.1 ml of Hanks' balanced salt solution

inoculated s.c. in the flank of each rat.
b Number of rats with tumors at given day following tumor challenge.
c Immunization by amputation of tumor-bearing limbs. Two time intervals between

amputation and injection of tumor cells were tested-5 and 21 days. Similar results were
obtained at both time intervals.

d p < 0.01 when immune group is compared to untreated group.

Table 2
Cumulative incidence of tumor development in Fischer 344/N rats following the s.c.

inoculation of J X JOS BP-1R cells 24 hr after the 3rd of 3 daily i.v.

injections of immune or normal syngeneic spleen cells

Type ofspleencells
injectedImmunebNormal0'None

(challengecontrol)Total

no.
ofratsin

group111215No.

of rats withtumor0Day

15044Day 202912Day3021014Day4031114Day4531114Final
tumorincidence3

(27%)c1

1(92%)14

(93%)

" Number of rats with tumors at a given day following tumor challenge.
b BP-1R immune spleen cells were prepared from the spleens of rats immunized by

amputation of growing isografts of the BP-1R sarcoma.
c p < 0.01 when recipients of immune spleen cells are compared to both control groups.
d Normal spleen cells were prepared from the spleens of unimmunized rats.
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Table 3
Mean tumor volume and cumulative incidence of tumor development

in Fischer 344/N rats following s.c. inoculation of 3.5 X 10'
BP-IR cells 24 hr after the 3rd of 3 daily injections of

RNA-incubated spleen cells as indicated
Mean tumor volume (cu cm) = O.4 ab1, where a is the major axis and b is the minor axis of

the tumor at right angles.

Treatment of
spleen cells

injectedBP-lR-immune

RNA
"Normal" RNA
Challenge control0Total

no. of
rats in

group-

10
12
12Mean

tumor volume at given day
following tumorchallengeDay

200.3

(5)Â°
1.4(10)
1.6(11)Day

252.0

(7)
5.1 (10)
6.5(11)Day

304.7(9)

10.3 (12)
16.1 (11)Day

354.8

(9)6
13.9(12)
23.8(11)

" No. in parentheses, no. of rats with tumor.
b Mean tumor values in this group are significantly from challenge control group from Day

20 to Day 35 (p < 0.01 by Student's r test for paired observations) and from "normal" RNA

groups from Day 20 to Day 35 (p < 0.05).
c These rats received 3.5 X 10" BP-IR tumor cells only. No spleen cells were administered.

sedimentation characteristics by ultracentrifugation in a
continuous 15 to 30% density gradient of sucrose (Mann Ultra
Pure, Mann Research Laboratories, Inc., New York, N. Y.) in
RSB buffer, pH 7.5 (0.01 M Tris, 0.1 M NaCl, 0.015 M MgCl).
The details of this technique have been previously described
(31,37).

In these experiments, the cumulative incidence of tumor
development was recorded 3 times weekly, and tumor volumes
were calculated by the formula volume = 0.4 atÃ1where a is

the major axis and b is the minor axis of the tumor at right
angles to each other (1). Again, x2 statistical analyses of

cumulative tumor incidence in each experimental group were
performed at several time intervals following tumor challenge
with the use of Fisher's exact test (13). Tumor volumes were
analyzed by Student's one-tailed t test for paired observations

(11).

RESULTS

Tumor Immunogenicity Studies. The cumulative incidence
of tumor development in untreated and in immunized Fischer
344/N rats following the s.c. inoculation of varying numbers
of viable BP-IR tumor cells is illustrated in Table 1. A s.c.
inoculum of 10s tumor cells gave rise to palpable tumors in 75

to 90% of control rats and was initially accepted as the
optimal challenge tumor cell inoculum for these studies. As is
shown in Table 1, immunized rats inoculated s.c. with a
challenge inoculum of 10s BP-IR cells 5 or 21 days following
amputation of growing BP-IR transplants uniformly rejected
these isografts. This established that the BP-IR sarcoma
contained TSTA and was immunogenic within its strain of
origin.

Adoptive Transfer Studies. The results of this experiment
are depicted in Table 2 and demonstrate that significant
resistance to the development of BP-IR isografts could be
adoptively transferred to untreated, syngeneic rats by 3 i.v.
injections of 5 X IO7 to 5 X IO8 viable spleen cells obtained

from syngeneic rats previously immunized by amputation of
growing transplants of the BP-IR sarcoma. A significant
decrease (/?<0.01) in cumulative tumor incidence was
observed in rats which received immune spleen cells as

80r

10 " 20 25 30 35 40 45

DAYS AFTER TUMOR ISOGRAFT

50

Chart 1. Transfer of immunity to rodent tumor isografts in vivo by
syngeneic "immune" RNA. â€¢¿�Â»,Fischer 344/N rats received 3 daily
i.v. injections of 5X10' to 5X10* syngeneic spleen cells
preincubated with BP-lR-immune RNA. oâ€”o, rats received 3 daily i.v.
injections of normal, syngeneic spleen cells never incubated with RNA.
o o, rats received 3 daily i.v. injections of syngeneic spleen cells
preincubated with effective BP-lR-immune RNA which had been
degraded with RNaso prior to incubation with spleen cells. Rats in all
groups received 1 X IO3 viable BP-IR tumor cells s.c. synchronously

with the 1st injection of spleen cells. â€¢¿�â€¢¿�, rats received tumor cells
alone (challenge control).

compared with rats which received normal spleen cells i.v. or
with rats which were given tumor cells alone (challenge
controls).

Transfer of Tumor-specific Transplantation Immunity by
Spleen Cells Preincubated with Immune RNA. The results
depicted in Table 3 demonstrate that rats challenged with
BP-IR tumor cells 24 hr after the 3rd of 3 daily i.v. injections
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of syngeneic spleen cells preincubated with RNA extracted
from the spleens of rats immunized with the BP-1R sarcoma
evidenced a slight delay in the appearance of palpable tumors,
which was not statistically significant when compared with
recipients of syngeneic spleen cells preincubated with RNA
extracted from the spleens of unimmunized rats or with rats
that received tumor cells alone (challenge controls). Moreover,
no significant difference in the final cumulative tumor
incidences in each of these 3 groups was noted. However,
when the growth rates of the tumors arising in each
experimental group (mean tumor volumes at each time, in
days, from injection of the challenge tumor cell inoculum)
were compared, significant differences were apparent. The
mean tumor volumes in the rats treated with syngeneic spleen
cells preincubated with RNA extracted from the spleens of
unimmunized rats (normal RNA) did not differ significantly
from the mean tumor volumes of challenge control animals.
However, animals treated with syngeneic spleen cells
preincubated with RNA extracted from the spleens of rats
immunized with BP-1R (BP-lR-immune RNA) evidenced a
marked decrease in mean tumor volume and significant
retardation of tumor growth rate (p < 0.025) as compared to
both control groups at all time intervals after injection of the
challenge tumor cell inoculum.

The results of the 2nd experiment appear in Chart 1. Rats
challenged with BP-1R tumor cells synchronous with the 1st
of 3 daily i.v. injections of syngeneic spleen cells preincubated

loo r

80

60

O)
CE

40

20

IO 15 20

TUBE NUMBER

25 30 35

Chart 2. Sucrose density gradient profile of an active preparation of
BP-lR-immune RNA. Fractionation of the gradient was by retrograde
flotation. Right, rapidly sedimenting heavier components (i.e., 28 S and
16 to 18 S fractions); left, slower sedimenting lighter components (i.e.,
4 to 6 S fractions).

with RNA extracted from the spleens of rats immunized with
the BP-1R sarcoma evidenced a significantly lower incidence
of tumor isograft development than did rats in any other
group. The injection of syngeneic spleen cells alone, without
incubation with RNA of any type, had no demonstrable
antitumor effect. Furthermore, 1 or more species of RNA
appeared to be the active moiety in our immune RNA
extracts, since rats receiving spleen cells incubated with the
same active BP-lR-immune RNA preparation, but treated with
RNase prior to incubation with the spleen cells, manifested a
tumor incidence similar to that of the challenge control
animals.

Both preparations of BP-lR-immune RNA were
characterized as to their sedimentation characteristics by
ultracentrifugation in sucrose density gradients. They were
resolved into 3 or 4 major components. The sucrose density
gradient profile of 1 of the active immune RNA preparations is
illustrated in Chart 2. The 3 major components in the profile
correspond to rRNA substituents with sedimentation
characteristics of 4 to 6 S, 16 to 18 S and 28 S, respectively.
Inhibition of tumor isograft was observed with this
preparation. In our laboratory, immune RNA preparations are
considered adequate for use when the height of the light peak
(4 to 6 S) is less than that of either of the heavier peaks (16 to
18 S and 28 S). This configuration is similar to the sucrose
density gradient profiles obtained in our own (31, 36) and
other laboratories (6, 30, 38, 40) with active preparations of
immune RNA extracted from the lymphoid organs of other
rodent species.

DISCUSSION

These data indicate that the growth of tumor isografts in
inbred rats can be inhibited by the i.v. administration of
syngeneic spleen cells preincubated with syngeneic immune
RNA extracted from the spleens of syngeneic rats specifically
immunized by excision of growing transplants of the tumor
being treated. Signficant growth retardation and decrease in
cumulative tumor incidence were achieved within this
completely syngeneic system. In this system, the BP-1R tumor
cells, the RNA donor, the spleen cells, and the recipient rats
were all members of a single inbred strain. Therefore, the
inhibition of tumor isograft growth and development observed
appears to have been mediated by an immune RNA specific
for the TSTA of the BP-1R sarcoma. This response was not
due to nonspecific effects of rat lymphoid RNA on normal
spleen cells, since rats treated with spleen cells previously
incubated in vitro with RNA extracted from the spleens of
unimmunized Fischer 344/N rats failed to demonstrate
signficant resistance to the growth of BP-1R isografts. Nor was
the effect due to the administration of large numbers of
syngeneic spleen cells, since rats receiving syngeneic spleen
cells not previously incubated with RNA evidence no
immunity to BP-1R isografts.

When active BP-lR-immune RNA preparations were treated
with RNase prior to incubation with spleen cells, the activity
of these RNA-rich extracts was abolished. This suggests that 1
or more species of RNA was the active moity in mediating an
antitumor immune response in this system. It now appears
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that normal, nonimmune spleen cells can be converted to a
specific antitumor immunoreactive status during incubation in
vitro with either xenogeneic (31, 37) or syngeneic immune
RNA.

The data in this report confirm and extend the observations
of Ramming and Pilch (31, 35, 37) concerning the efficacy of
xenogeneic immune RNA preparations in the mediation of
immunity to rodent tumor isografts. We have now presented,
for what we believe to be the 1st time, direct evidence that
immunity to TSTA can be transferred to untreated, syngeneic
hosts by spleen cells preincubated with antitumor immune
RNA. In previous reports from our laboratory, the
development of murine tumor isografts was inhibited by
spleen cells incubated with immune RNA extracted from the
lymphoid organs of guinea pigs immunized with the murine
tumor being treated (31, 35, 37). The specificity of this
response for the TSTA of the immunizing tumor was inferred
by the failure of spleen cells incubated with RNA extracted
from the lymphoid organs of pigs immunized only with
normal mouse tissues to mediate an antitumor immume
response and by the specificity of the response for the
particular tumor used to immunize the RNA donor. The use of
syngeneic immune RNA has eliminated the possibility that the
immunity to tumor isografts observed in these systems might
be due, at least in part, to immune responses directed against
transplantation antigens.

The treatment of rats with syngeneic spleen cells
preincubated with BP-lR-immune RNA prior to inoculation of
the tumor isograft did not result in a decreased incidence of
tumor isograft development, although the growth rate of the
tumors developing in recipients of the RNA-incubated spleen
cells was considerably retarded. However, when the complete
treatment of rats with RNA-incubated spleen cells was
performed after inoculation of the tumor isograft, a significant
reduction in the incidence of tumor development was noted.
There are several possible explanations for these results.

One explanation may be the difference in the size of the
challenge tumor cell inocula used in the 2 studies. BP-1R
tumor cells (IO4) were inoculated 24 hr after the last injection
of RNA-incubated spleen cells in the 1st study, and IO3 BP-1R

cells were injected synchronous with the 1st of 3 injections of
RNA-incubated spleen cells in the 2nd study. The problem
may be simply one of logisticsâ€”the number of tumor cells and
the tumor-doubling time eventually exceeding the cytolytic
capacity of a finite number of lymphocytes sensitized by
exposure in vitro to BP-lR-immune RNA.

Since syngeneic spleen cells were utilized in our studies, we
expected them to survive and perhaps proliferate in the
recipient hosts. We hoped that animals challenged with tumor
cell 24 hr after the daily administration of RNA-treated
lymphoid cells would be more resistant to tumor isografts than
animals challenged at the time of the 1st injection of spleen
cells. The studies of Billingham et al. (4) supported this
contention. They found that adoptive immunity to skin
allografts could be transferred by immune, syngeneic
lymphoid cells administered at the time of application of the
test graft or 3 days before it. The immune lymphoid cells were
less effective, however, when administered 48 hr after grafting.

Our own transfer studies in the BP-1R tumor-host system

confirmed our belief that rats inoculated with tumor cells 24
hr after the 3rd of 3 daily i.v. injections of immune spleen cells
evidence significant tumor immunity when compared to
control groups. However, normal spleen cells sensitized in vitro
by immune RNA may be optimally immunoreactive during a
period of time which is considerably different than that of
lymphoid cells sensitized in vivo, in their normal physiological
setting. Evidence to support this thesis was first presented by
Mannick and Egdahl (30). These investigators found that good
transfer of transplantation immunity was observed when
RNA-incubated autologous spleen cells were administered to
rabbits at the same time or 48 hr after test skin grafting.
However, no immunity was noted when RNA-incubated spleen
cells were administered 48 hr before grafting. These findings
motivated our attempt to increase the magnitude of the
response observed in our system by applying the tumor
isograft at the same time as the 1st i.v. administration of
RNA-incubated spleen cells. It would seem likely, then, that
the important factor in influencing the degree of
transplantation resistance transferred by the spleen cells
incubated with immune RNA was the temporal relationship
between the course of treatment with RNA-incubated spleen
cells and the injection of the challenge tumor cell inoculum.

The mechanism by which immune RNA preparations
mediate antitumor immune responses remains unknown.
Possible mechanisms have been discussed in detail in other
reports from our laboratory (8, 31, 35â€”37). Briefly, they
include: (a) the simple passive transfer of tumor antigen as
contaminants in the RNA preparations, (b) the formation of
highly immunoreactive RNA-antigen complexes or "super
antigens," and (c) the transfer of a type of true informational

RNA which can be incorporated by lymphoid cells and which
codes for a specific immune response.

The possible relationship of immune RNA preparations of
the type used in our experiments to the "transfer factor" of

Lawrence (24, 25) and Lawrence et al. (26) merits
consideration. There are a number of significant differences
between the properties of the subcellular factor isolated by
Lawrence and his coworkers from human leukocytes which
could transfer delayed hypersensitivity reactions to allogeneic
human patients and our immunoreactive RNA-rich extracts of
lymphoid tissue. Immune RNA preparations are sensitive to
degradation by RNase, whereas transfer factor is resistant to
this enzyme. Transfer factor is dialyzable and is estimated to
have a molecular weight (by Sephadex G-25 chromatography)
of less than 10,000. Recent data suggest a molecular weight of
approximately 4,000 (12). Immunoreactive RNA appears to
be nondialyzable, and the active fraction(s) sediments in the 8
to 12 S (6) or 8 to 18 S (28) region of sucrose gradients,
suggesting a molecular weight of approximately 1 to 5 X 10s.

Recently, Gottlieb and Straus (21) have described an
immunoreactive RNA species containing detectable antigen
moieties (presumably "processed" antigen complexed to

RNA) which has an s20 w of 1.8, implying a molecular weight
of about 12,000.

Moreover, the biological activities of transfer factor and
immune RNA preparations differ markedly. The only known
reproducible function of transfer factor is to mediate cellular
immune reactions of the delayed hypersensitivity type.
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However, preparations of immune RNA mediate a variety of 14.
humoral immune responses both in vivo and in vitro. These
include the production of antibody specific for the antigen 15-
used to sensitize the RNA donor cells (2,5,6,14-20, 32) and
induction of zones of localized hemolysis in gels (2, 3, 7, 17,
19). In addition, as outlined above, immune RNA preparations
mediate a variety of cellular immune responses in vivo and in 16
vitro. Finally, whereas numerous attempts to extract an active
transfer factor from animal leukocytes have failed,
immunologically active immune RNA extracts have been 17.
readily prepared from the lymphoid cells of a variety of animal
species (rabbits, rats, mice, and guinea pigs), as well as from
human lymphoid cells (23, 39,40). !8-
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