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Transfer of Heightened Immunity to Skin Homografts by
Lymphoid RNA*

JOHNA. MANNICKt ANDRICHARDH. EGDAHL

(From the Strauss Surgical Research Laboratories and the Department of Surgery,
Medical College of Virginia, Richmond, Va.)

Prior studies from this laboratory have indi-
cated that previously unstimulated lymph node
cells may be altered to a state resembling trans-
plantation immunity by incubation in vitro with ri-
bonucleic acid (RNA) extracted from specifi-
cally sensitized lymph nodes (2, 3). The assay
of transplantation immunity used in these experi-
ments was the transfer reaction of Brent, Brown,
and Medawar (4), which is a delayed inflamma-
tory reaction in the skin produced by the intra-
dermal injection of immune cells into the animal
against which the anticipated immune response is
directed. Our finding that lymphoid RNAfrom
an immunized animal may confer upon otherwise
unsensitized lymph node cells the capacity to
produce a transfer reaction has been confirmed by
Clarke and Wilson (5) and more recently by
others (6, 7).

However, the transfer reaction may be criticized
as a test for transplantation immunity. It is pos-
sible by gross inspection to confuse the transfer re-
action with other less specific inflammatory re-
sponses in the skin. Moreover, while reports from
Brent, Brown, and Medawar (4), from Dvorak
and Waksman (8), and from this laboratory (2,
3, 9) have demonstrated adequately the associa-
tion between the production of a transfer reaction
and the state of transplantation immunity, there
is no conclusive evidence that the capacity to
produce a transfer reaction is equivalent to the
capacity to manifest transplantation immunity in
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a more conventional manner, for example, by the
rejection of tissue homografts. Therefore our
present study was undertaken to determine
whether or not heightened immunity to skin ho-
mografts could be transferred from one animal to
another by RNAextracted from sensitized lymph
nodes.

Methods

Outbred adult rabbits of three breeds, New Zealand
white, California white, and Dutch, were used as ex-

perimental animals. The rabbits weighed from 1.5 to
3.5 kg. They were caged individually in an air-condi-
tioned animal room and maintained on a diet of Purina
rabbit chow and water. The techniques of, full thick-
ness skin grafting, excision of lymph nodes and spleen,
and preparation of lymphoid cell suspensions used in
this laboratory have been described previously (3, 9).
In the present experiments spleen and lymph node cell
suspensions were prepared in Trowell's medium' rather
than the Eagle Hela medium used in previous studies.

The extraction of RNA from lymph node tissue by
the cold phenol method has also been described (3, 9).
In the present experiments the RNA extraction pro-
cedure was altered in the one respect that the lymph
node homogenate was treated with sodium lauryl sul-
fate (added in a quantity sufficient to make a 0.1%
concentration) at room temperature for 5 minutes be-
fore beginning the phenol extractions. The RNA
preparation, 5 to 15 ml in volume, was always used im-
mediately after extraction and was made 0.7 M with
respect to sucrose and adjusted to pH 7.0 to 7.4 before
incubation with lymphoid cells. The concentration of
RNA was determined by the optical density at 260 mA
in a Beckman model DU spectrophotometer (10).

The lymphoid cells were collected by centrifugation
at 500 X g and resuspended in the RNA preparation
for incubation. Incubation time was 15 minutes, and
the temperature was 370 C, maintained in a water bath.
After incubation the cells were flooded with approxi-
mately 4 vol of Trowell's medium containing poly-
vinylpyrrolidone (PVP), 10% by weight. The cells
were then collected by centrifugation at 500 X g, washed,
and resuspended in Trowell's medium with 10%o PVP.

1 Grand Island Microbiological Co., Grand Island, N. Y.
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A cell count was performed, and a cell viability deter-
mination was made by the dye exclusion method using
1% eosin-Y. All cell suspensions used in this study
were more than 80% viable.

The survival of test skin homografts in these experi-
ments was considered to have ended when they showed
unequivocal gross signs of rejection: eschar formation,
discoloration, infarction, loss of pliability, etc. In some
experiments the entire skin homograft was removed as
a biopsy 4 days after transplantation and was immedi-
ately fixed in 10% formalin for histologic examination.

Results

Control skin homografts. Full thickness skin
homografts from a Dutch and from a California
donor were simultaneously applied to opposite
ears of a previously untreated New Zealand re-

cipient. The survival of these control skin homo-
grafts is shown in Table I. It is apparent that
the survival times of the California and Dutch
control grafts were not significantly different,
p > 0.6 by the t test (11). In 13 of the 20 ex-

periments, as an added control the spleen was re-

moved from the New Zealand recipient at the
time of skin grafting. A cell suspension was pre-
pared from the spleen, and these autologous cells
were infused intravenously back into the New

TABLE I

Survival of skin homografts: control rabbits

No. autol-
ogous
spleen

cells Survival of skin homografts
Rabbit injected

no. (XlOf) Calif. Dutch

days
1163 8 8
1171 8 8
1593 7 7
1599 7 7
1586 6 8
1788 8 6
1800 7 7
2012 200 7 7

880 200 7 7
2778 223 7 7
2744 300 7 7
2749 160 6 6
2732 334 7 7
2735 100 7 6
2728 134 6 6
2739 230 8 8
2733 172 7 6
2738 239 6 6
2729 156 6 6
2726 177 8 7

Mean =7.0 i0. 7 SD 6.9 i0.8 SD

TRANSFER IMMUNITY
IMMUNE HOMOLOGOUSCELLS

NewZeelead Dutch

FIG. 1. TRANSFER OF IMMUNITY WITH SENSITIZED
HOMOLOGOUSCELLS. A New Zealand recipient is im-
munized against a California donor by skin homo-
grafts applied to the hind legs and the chest wall and
by injections of spleen cells into the foot pads. Eight
days later the sensitized popliteal and axillary lymph
nodes are excised, and a cell suspension is prepared
from these nodes and infused intravenously into a sec-
ond New Zealand animal, which in turn is challenged
with a specific skin homograft from the original Cali-
fornia donor and a nonspecific skin homograft from an
indifferent Dutch rabbit (see text).

Zealand animal from which they had come. Evi-
dently (Table I) autologous spleen cell infusion
had no detectable effect on the survival of the con-

trol skin homografts.
Adoptive immunity controls. As a basis for

comparison with future experimental groups, we

attempted to transfer adoptive immunity to skin
homografts with lymph node cells obtained from
homologous immunized animals. The protocol
used in this study is illustrated in Figure 1. A
New Zealand recipient was immunized against a

California donor by full thickness skin grafts ap-
plied to the lower hind legs and to opposite sides
of the chest wall near the axillae. In addition a
cell suspension was prepared from the donor
spleen and injected into the four foot pads of the
recipient. Eight days later, at the time of rejec-
tion of the skin homografts, the popliteal and
axillary lymph nodes draining the homografts and
the sites of spleen cell injection were excised.
A cell suspension was prepared from these nodes
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TABLE II

Survival of skin homografts: immune homologous cells ad-
ministered at the time of test grafting

Survival of skin homografts
No. cells

Rabbit injected Nonspecific
no. ( X106) Specific Calif. Dutch

days
5

7
4
8
4
5
7
5
6
7
5

Mean =5.7 1.3 SD

5

7
6
8
6
7
7
7
6
6
6

6.5 ±0.8 SI)

TRANSFER IMMUNITY
AUTOLOGOUSCELLS+

IMMUNERNA

and infused intravenously into a second New
Zealand recipient that served as the test animal.
This test rabbit then received a specific skin ho-
mograft from the original California donor ap-
plied to one ear and a nonspecific skin homograft
from an indifferent Dutch donor applied to the
opposite ear. In the initial group of such ex-
periments the New Zealand test animals received
the specific and nonspecific homografts immedi-
ately after the infusion of the immune homologous
lymph node cells. The results are listed in Table
II. The specific California homografts in this
group of animals survived an average of 5.7 +

1.3 days, a time significantly shorter than the
survival of first set California homografts in the
control animals, p < 0.01, but not significantly
shorter than the survival of the nonspecific Dutch
homografts in the same test animals, p > 0.1.

TABLE III

Survival of skin homografts: immune homologous cells 48
hours after test grafting

Survival of skin homografts
No. cells

Rabbit injected Nonspecific
no. (X108) Specific Calif. Dutch

days
2434 705 5 7
2433 935 5 7
2325 1,110 5 5
2488 105 6 8
2374 450 6 7
2359 260 4 5
2370 560 5 6
2470 850 5 5

Mean =5.1 40.6 SD 6.1 41.1 SD

New Zealand Dutch

FIG. 2. TRANSFEROF IN111UNITY WITH RNA-TREATED
AUTOLOGOUSCELLS. A New Zealand recipient is im-
munized against a California donor by skin homografts
and injections of spleen cells into the foot pads. Eight
days later the sensitized popliteal and axillary lymph
nodes are excised. RNA is extracted from these nodes
and is incubated in vitro with a suspension of spleen cells
from a second New Zealand animal. These autologous
spleen cells are then infused intravenously back into the
New Zealand rabbit from which they came. This rab-
bit is in turn challenged with a specific skin homograft
from the original California donor and a nonspecific
skin homograft from an indifferent Dutch rabbit (see
text).

The survival of these Dutch grafts was in turn
not significantly shorter than the survival of
Dutch homografts in control animals, p > 0.2.

As a check on the time relationships necessary
for effective transfer of adoptive immunity, two
further series of experiments were performed in

TABLE IV

Survival of skin homografts: immune homologous cells 48
hours before test grafting

Survival of skin homografts
No. cells

Rabbit injected Nonspecific
no. (X106) Specific Calif. Dutch

days
2440 690 7 8
2489 490 6 6

2480 555 6 7
2483 380 6 5
2464 200 4 7
2469 710 8 8

Mean =6.2 ± 1.3 SD 6.8 ± 1.2 SD

2122
2101
2124
2140
2143
2141
2442
2441
2438
2361
2376

250
280
200
300
250
180
330

1,100
400
135
660
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TABLE V

Survival of skin homografts: autologous cells plus immune RNAadministered at time of test grafting

Concentration
No. cells of RNAin Survival of skin homografts

Rabbit injected incubation
no. (X106) medium Specific Calif. Nonspecific Dutch

Jg/ml days
1156 35 250 8 8
1167 470 290 7 7
1939 120 240 6 8
1936 115 170 5 7
1427 300 400 6 6
1535 230 360 5 7
1592 110 140 5 8
1541 250 190 4 7
1795 250 180 5 7
884 280 410 4 7
886 220 250 6 7

2008 160 150 6 8
789 185 350 6 7

2011 160 310 3 7

Mean = 5.4 it 1.3 SD 7.2 ii 0.5 SD

which the specific California and nonspecific Dutch
homografts were placed on the test animal either
48 hours before or 48 hours after the infusion
of immune homologous lymph node cells. The
results of these series of experiments are listed in
Tables III and IV.

The survival of the specific California skin
homografts in the animals grafted 48 hours be-
fore the infusion of the immune cells averaged
5.1 ± 0.6 days, a time very significantly shorter
than the survival of first set California homo-
grafts in the control animals, p < 0.001, and sig-
nificantly shorter than the survival of nonspecific
Dutch homografts in the same animals, p < 0.05.
On the other hand, the survival of specific Cali-
fornia homografts in the recipients grafted 48
hours after the infusion of immune homologous
cells averaged 6.2 ± 1.3 days, a time not signifi-
cantly different from the survival of first set
California homografts in control animals, p > 0.1,
and a time not significantly different from the
survival of nonspecific Dutch skin homografts
in the same test animals, p > 0.4. Apparently
adoptive immunity to skin homografts was most
effectively transferred in rabbits by immune ho-
mologous cells infused 48 hours after the appli-
cation of the test skin homografts, and the im-
mune cells were ineffective when administered
48 hours before test skin grafting.

Effect of autologous spleen cells incubated zseith
immune RNA. The protocol followed in this

and subsequent experiments is illustrated in Fig-
ure 2. As in the preceding experiments a New
Zealand recipient was immunized against a Cali-
fornia donor by skin homografts and injections of
spleen cells into the foot pads. Again after 8
days the stimulated axillary and popliteal lymph
nodes were excised. In this case, however, RNA
was extracted from these lymph nodes. The
RNA preparation was then incubated in vitro
with a suspension of spleen cells obtained from
a second New Zealand animal. After incubation
the cells were collected, washed, resuspended,
and injected intravenously back into the New
Zealand rabbit from which they had come. This
rabbit served as the test animal and immediately
received a specific skin homograft from the origi-
nal California donor and a nonspecific skin homo-
graft from an indifferent Dutch rabbit.

The survival of the test skin homografts is
shown in Table V. The average survival of the
specific California homografts in these experi-
ments was 5.4 + 1.3 days, a time quite significantly
shorter than the survival of first set California
homografts in control animals, p < 0.001, and a
time very significantly shorter than the survival
of the nonspecific Dutch homografts in the same
test animals, p < 0.001. Within the dose range
employed in these experiments there did not ap-
pear to be any correlation between the number of
autologous spleen cells administered or the con-
centration of RNAin the incubation mixture and
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TABLE VI

Survival of skin homografts: autologous cells plus immune RNA-RNase* effect

Concentration
No. cells of RNAin Survival of skin homografts

Rabbit injected incubation
no. (X1O6) medium Specific Calif. Nonspecific Dutch

jsg/ml days
2786 265 310 7 6
2016 160 180 7 6

877 165 280 7 7
2017 200 270 6 7
2025 180 215 8 9
2345 360 295 7 9
2330 320 260 9 6
2332 235 320 6 7
2788 120 310 6 6

Mean = 7.0 i 1.0 SD 7.0 ± 1.2 SD

* RNase = five times recrystallized bovine pancreatic ribonuclease.

the results observed. However, on an empirical mal and received simultaneous skin homografts
basis 200 x 106 or more spleen cells were infused from the original California donor and from an
whenever possible, and we attempted to keep the indifferent Dutch rabbit as before. As shown
concentration of RNAin the incubation medium in Table VI the average survival of the specific
greater than 100 pg per ml. California homografts in this series of experi-

Effect of ribonuclease. In this series of ex- ments was 7.0 ± 1.0 days, a time not significantly
periments a New Zealand recipient was again different from the survival of first set California
immunized against a California donor, and RNA homografts in control animals, p = 1.0, and a time
was again extracted from the stimulated lymph also not significantly different from the survival
nodes. Incubation with a spleen cell suspension of nonspecific Dutch homografts in the same test
from a second New Zealand animal was carried animals, p = 1.0. The addition of RNase to the
out as before except that at the time of incuba- RNApreparation at the time of incubation there-
tion five times recrystallized bovine pancreatic fore apparently prevented the transfer of immunity
ribonuclease 2 (RNase), at a concentration of observed in the preceding experiments. Prior
15 ,ug per ml, was added to the incubation me- work from this laboratory had provided assurance
dium. After incubation the cells were again col- that RNase at concentrations lower than 50 pg
lected, washed, and injected intravenously back * *

w' ' ~~~~~~~~~perml would not affect the immunologic capacityinto the New Zealand animal from which they had of the lymphoid cells themselves (9, 12). The in-
come. This rabbit then served as the test ani-

ability of RNase-treated cells to produce transfer
2 Worthington Biochemicals Corp., Freehold, N. J. reactions, as reported by others (13), was noted

TABLE VII

Survival of skin homografts: immune RNAalone intravenously

Survival of skin homografts
Rabbit Volume Concentration

no. injected of RNA Specific Calif. Nonspecific Dutch

ml ug/ml days
2600 6 335 7 6
2585 5 450 7 7
2587 8 550 8 7
2586 6 380 6 6
2081 9 500 5 6
2104 15 205 7 7

Mean = 6.7 ± 1.0 SD 6.5 ± 0.5 SD

2170
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TABLE VIII

Survival of skin homografts: autologous cells plus immune RNA48 hours before test grafting

Concentration
No. cells of RNAin Survival of skin homografts

Rabbit injected incubation
no. (X106) medium Specific Calif. Nonspecific Dutch

jag/mi days
2337 210 410 7 6
2350 195 245 7 8
2777 125 350 9 8
2789 245 450 8 7
2800 300 110 7 8
2794 160 130 6 6
2796 150 500 7 7

Mean = 7.3 4 0.9 SD 7.1 4 0.9 SD

only after exposure of the cells to very high con- To clarify the time relationships involved in the
centrations of RNase. apparent transfer of immunity with RNA-treated

Effect of RNA alone intravenously. In this autologous cells, two further series of experiments
series of experiments a New Zealand recipient were carried out. In the first series lymph nodes
was immunized against a California donor as be- were excised as before from a New Zealand re-
fore. RNA was extracted from the sensitized cipient rabbit immunized against a California
lymph nodes and was then injected directly in- donor. RNA was again extracted from these
travenously into a second New Zealand animal. lymph nodes and incubated in vitro with a sus-
This rabbit served as the test animal and received pension of spleen cells from a second New Zea-
a specific skin homograft from the original Cali- land animal. After incubation the autologous
fornia donor and a nonspecific homograft from spleen cells were infused intravenously back into
an indifferent Dutch rabbit. The average sur- the New Zealand animal from which they had
vival of the specific California homografts in come. This rabbit served as the test animal and,
these experiments was 6.7 + 1.0 days (Table in this case, received a specific skin homograft
VII). This time was not significantly different from the original California donor and a non-
from the survival of first set California homo- specific homograft from an indifferent Dutch
grafts in control animals, p > 0.5, and was also rabbit, applied 48 hours after the administration
not significantly different from the survival of the of the autologous spleen cells incubated with
nonspecific Dutch homografts in the same test ani- RNA. The average survival time of the specific
mals, p > 0.6. California grafts was 7.3 + 0.9 days (Table

Autologous spleen cells incubated with immune VIII), a time not significantly different from the
RNA48 hours before and 48 hours after grafting. survival of first set California grafts in control

TABLE IX

Survival of skin homografts: autologous cells plus immune RNA48 hours after test grafting

Concentration
No. cells of RNAin Survival of skin homografts

Rabbit injected incubation
no. (X 106) medium Specific Calif. Nonspecific Dutch

JAg/mI days
2731 250 315 6 6
2073 200 250 5 6
2030 290 460 4 6
2037 380 225 5 7
2044 310 310 4 8
2026 280 550 4 6
2027 185 220 4 6

Mean = 4.6 ± 0.8 SD 6.6 i 0.8 SD
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TABLE X

Survival of skin homografts: autologous cells plus nonspecific RNA

No. cells Concentration of Survival of skin homografts
Rabbit injected RNAin incuba-

no. (X1O6) tion medium Specific Calif. Nonspecific Dutch

Ag/mI days
6
8
6
7
6
8

Mean = 6.8 i 1.0 SD

animals, p > 0.4, and a time not significantly dif-
ferent from the survival of nonspecific Dutch
homografts in the same test animals, p > 0.7.

In a second series of experiments, after immuni-
zation of the New Zealand recipient by a Cali-
fornia donor, RNAwas extracted from the sensi-
tized lymph nodes and incubated with spleen cells
from a second New Zealand recipient as before.
The autologous spleen cells were infused back into
the NewZealand animal from which they had come.

This rabbit served as the test animal and, in this
case, had received a specific skin homograft from
the original California donor and a nonspecific
homograft from an indifferent Dutch rabbit 48
hours before the infusion of RNA-treated spleen
cells. The survival of the specific California
homografts in this series of experiments averaged
4.6 0.8 days (Table IX). This time was very

significantly different from the survival of first
set California grafts in control animals, p < 0.001,
and was also quite significantly different from the
survival of the nonspecific Dutch homografts in
the same test animals, p < 0.001.

Therefore autologous spleen cells incubated in
vitro with immune RNA were apparently effec-
tive in transferring immunity when administered
48 hours after test grafting but were ineffective
when administered 48 hours before grafting.

Effect of nonspecific RNA. In a further series
of experiments the popliteal and axillary lymph
nodes of a New Zealand animal were stimulated
by three injections of 25 mg of bovine serum al-
bumin (BSA)3 in Freund's complete adjuvant
into the foot pads at 48-hour intervals. Seven
days after the first injection the lymph nodes

3 Nutritional Biochemicals, Cleveland, Ohio.

were excised, and RNAwas extracted from these
nodes and incubated in vitro with a spleen cell
suspension from a second New Zealand animal.
After incubation the spleen cells were infused in-
travenously back into the animal from which they
had come. This New Zealand rabbit then served
as the test animal and received a California skin
homograft and a Dutch skin homograft applied
simultaneously to opposite ears. The results are

illustrated in Table X. The survival of the Cali-
fornia skin homografts in this series of animals
averaged 6.8 1.0 days, a time not significantly
different from the survival of first set California
grafts in control animals, p > 0.6, and a time
not significantly different from the survival of
Dutch skin homografts in the same test animals,
p = 1.0.

Histologic confirmation. To obtain histologic
confirmation of the gross impression of skin graft
rejection obtained in the preceding studies, a

final series of six experiments was performed. As
before, a New Zealand recipient was immunized
against a California donor, and RNA was ex-

tracted from the sensitized lymph nodes and in-
cubated in vitro with spleen cells from a second
New Zealand rabbit. After incubation the autolo-
gous cells were reinfused into the New Zealand
rabbit from which they had come. This rabbit
served as the test animal and had received a spe-
cific skin homograft from the original California
donor and a nonspecific skin homograft from an

indifferent Dutch rabbit 48 hours before the in-
fusion of the autologous cells incubated with im-
mune RNA. Forty-eight hours later, i.e., 4 days
after the application of the homografts, both the
specific and nonspecific homografts were excised
in toto and processed for histologic examination.

2447
2437
2315
2323
2476
2487

335
225
500
420
325
385

Not recorded
Not recorded

500
500
260
230

7
7
7
7
7
6

6.8 i 0.4 SD
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As a control a similar series of six New Zealand
animals received simultaneous California and
Dutch homografts without further treatment.
Four days after grafting, both homografts were
excised and processed for histologic examination.

As illustrated in Figure 3, the California and
Dutch homografts excised from five of the six
control animals demonstrated only minimal epi-
thelial destruction 4 days after grafting. One
unusual control animal had destroyed more than
50%o of the epithelium in both the California and
the Dutch grafts 4 days after grafting. In the
series of six animals that received RNA-treated
autologous spleen cells 48 hours after grafting,
the specific California grafts showed from 75 to
100% destruction of the epithelium in four in-
stances (Figure 3), from 50 to 75%o destruction
of the epithelium in one instance, and less than
50% destruction of the epithelium in only one
instance. The nonspecific Dutch homografts in
these six animals showed only minimal epithelial
destruction.

Discussion

The present results appear to indicate that
heightened immunity to skin homografts may be
transferred by autologous lymphoid cells incu-
bated in vitro with homologous RNA extracted
from the lymph nodes of an immunized animal.
The mechanism through which this apparent
transfer of immunity is accomplished is obviously
of considerable importance. The possibility that
the transfer is mediated by cell-bound or cell-
contained antibody, similar to that recently de-
scribed by Najarian and Feldman (14), must be
considered. Certainly the RNApreparation used
in this laboratory is not free of protein contami-
nation (9), and it is conceivable that antibody-
like material might have been released from the
disrupted lymphoid cells during extraction of the
RNA, although considerable denaturation of this
material would be expected during the multiple
phenol extractions used in preparing the RNA.
More compelling evidence that contaminating
antibody did not play a major role in the transfer
of immunity is afforded by the fact that the RNA
preparation was ineffective when administered
alone, without prior incubation in vitro with au-
tologous lymphoid cells, and by the ability of low

concentrations of purified RNase to prevent the
transfer of immunity.

Consideration must also be given to the pos-
sibility that the heightened immunity observed
in our experiments may have been caused by
sensitization of the test animal by transplantation
antigenic material contaminating the RNAprepa-
ration. Nester, Mdkela, and Nossal (15) have
presented convincing evidence that antigen may
be included with nucleoprotein extracted from
lymph nodes engaged in antibody formation.
However, that sensitization by contaminating anti-
gen did not produce the heightened immunity ob-
served in the present experiments is indicated by
the fact that autologous lymphoid cells incubated
with the RNA preparation were ineffective in
transferring immunity when administered 48 hours
before test skin grafting but were effective when
administered at the same time as, or 48 hours af-
ter, the application of the test grafts. Certainly,
if direct stimulation by contaminating antigen had
induced the heightened immune response, adminis-
tration 48 hours before test grafting should have
permitted greater sensitization of the test animals
than later injection of the same material. Simi-
larly, although the chemical nature of transplanta-
tion antigens in most species is unclear, mouse
transplantation antigens (16, 17) and the trans-
plantation antigenic material recently obtained
from rabbit cells in this laboratory (18) are in-
sensitive to RNase at concentrations far higher
than those which effectively inhibited the trans-
fer of immunity in the present experiments.

Finally the possibility must be considered that
the heightened immunity we observed might be
a nonspecific result of the exposure of immune
competent cells to RNAor its breakdown prod-
ucts during incubation in vitro. That this is not
the case, however, is suggested by the specificity
of the heightened immune response. The sur-
vival of the nonspecific homografts was not de-
tectably affected. Furthermore, nonspecific RNA,
extracted from lymph nodes stimulated with BSA
and adjuvant, was ineffective in producing ac-
celerated rejection of skin homografts. Wehave,
therefore, tentatively concluded that RNA ex-
tracted from sensitized lymph nodes was able to
transfer to previously unstimulated lymphoid cells
the ability to produce a specific immune response.
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FIG. 3. PHOTOMICROGRAPHSOF CALIFORNIA (A) AND DUTCH (B) SKIN HO-MOGRAFTSEXCISED FROM A CONTROL

NEWZEALAND RABBIT 4 DAYS AFTER GRAFTING. The epithelium of both grafts appears viable. This histologic pic-
ture is contrasted with that of a specific California homograft (C) excised 4 days after grafting from a New
Zealand test animal that had received RNA-treated autologous spleen cells (see text). The epithelium of this spe-
cific homograft has been completely destroyed. The epithelium of a nonspecific Dutch homograft (D), also excised
on the fourth day from the same New Zealand test animal, appears entirely viable. (Hematoxylin and eosin X 140.)

Metabolic events involved in this transfer are as
yet entirely undeciphered; however, it is con-
ceivable that the effects observed may be the re-
sult of the addition of a form of "messenger" RNA
(19) to the lymphoid cells and the subsequent
synthesis of cell-bound antibody directed by this
iRNA molecule.

It is of interest that autologous spleen cells, in-
cubated with immune homologous RNA, appeared
to be somewhat more effective in transferring im-
munity than homologous immune cells. This
difference very likely reflects the inevitable de-
struction of the injected homologous cells by the
transplantation immune response of the test ani-

mal. The difficulties involved in transferring
adoptive immunity with immune competent cells
in animals that are not members of the same in-
bred strain are well known (20-22). However,
the fact that a detectable transfer of immunity
was observed when immune homologous cells'were
used in the present experiments is not surprising,
since Warwick, Archer, and Good (23) were able
to transfer delayed hypersensitivity to strepto-
kinase in the rabbit with similar numbers of im-
mune, homologous cells, administered intrave-
nously.

Consideration must be given to the effect of
'the time of administration of the cells upon the
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results obtained in the present studies. Both in
the control experiments employing immune ho-
mologous cells and in the experiments in which
autologous cells treated with immune RNAwere
used, a detectable transfer of immunity was ob-
served when the cells were administered at the
same time as the test grafts were applied, and a
slightly greater effect was seen when the cells
were administered 48 hours after grafting. How-
ever, administration of immune homologous cells
or RNA-treated autologous cells 48 hours before
skin grafting produced no detectable effect. These
results are in contradistinction to those obtained
in the mouse by Billingham, Brent, and Medawar
(20). These investigators found that adoptive
immunity to skin homografts could be transferred
by immune, isologous lymphoid cells adminis-
tered 3 days before grafting or at the same time
as the test grafts were applied. The isologous cells
were much less effective, however, when ad-
ministered 48 hours after grafting. The reason
for the difference between these results and the
present findings is unclear; however, it is pos-
sible that the period of time during which RNA-
treated autologous cells and homologous cells are
capable of demonstrating detectable immune com-
petence may be different from that during which
immune isologous cells are effective. Moreover
species variation may be responsible for differ-
ences between the mouse and the rabbit with re-
gard to the time during which newly applied homo-
grafts are maximally susceptible to immune
attack.

The present experiments are obviously closely
allied to the recent work of Fishman and Adler
(24), who have shown that RNAextracted from
phage sensitized rat macrophages can, upon in-
cubation with previously unsensitized lymphoid
cells, induce in these cells the capacity to form
specific antiphage antibody. Also, in parallel
with work from this laboratory (9), Fishman,
Hammerstrom, and Bond (25) have shown that
tritium-labeled RNAextracted from macrophages
is incorporated by lymphoid cells during incu-
bation in vitro, and more recently, Fishman (26)
has reported that systemic administration of his
RNApreparation is ineffective in inducing anti-
body synthesis in test animals, whereas adminis-
tration of the RNA in Millipore diffusion cham-

bers is effective, presumably because the RNA
in the latter case is taken up by the lymphoid cells
that surround the chambers before it can be de-
stroyed by the ribonuclease in the tissue fluids
and plasma.

The present RNA preparation also may be
closely related to the "transfer factor" of Lawrence
and co-workers (27, 28). Transfer factor as
defined by these investigators is a subcellular
fraction derived from the circulating blood leuko-
cytes of humans which, upon injection into a
homologous individual, has the capacity to trans-
fer various types of delayed hypersensitivity in-
cluding a heightened immunity to skin homografts.
In this respect transfer factor resembles the pres-
ent RNA preparation, and in addition there is
now evidence suggesting that transfer factor is a
small polynucleotide possibly associated with poly-
peptide (29). Nevertheless, important differ-
ences remain, since the present RNApreparation,
as opposed to transfer factor, is ineffective when
administered alone, without prior incubation
with lymphoid cells, and is sensitive to RNase.
On the other hand, the small size of the molecule
isolated by Lawrence and associates (29) may
account for the well-known resistance of their
material to RNase. Thus this resistance may be a
fortuitous result of species variation and may
explain the many failures to reproduce Law-
rence's work in experimental animals (27). The
present results and the studies of Fishman noted
above would suggest that the capacity to trans-
fer certain types of immunity with an RNAfrac-
tion derived from lymphoid cells may be a phe-
nomenon more widespread among mammalian
species than was previously supposed. The re-
cent investigations of Fong, Chin, and Vickrey
(30) indicate, however, that the transfer of cellu-
lar resistance to tubercle bacilli with an RNase
sensitive subcellular fraction is much less easily
accomplished in the guinea pig than in other
mammalian species, notably the rabbit. The
guinea pig has previously been the animal most
widely used in the experimental study of hyper-
sensitivity.

Finally, the present work has obvious impli-
cations for the investigation of tumor immunity.
Woodruff and Symes (22) have recently sum-
marized the evidence suggesting that many neo-
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plasms may be more susceptible to immunological
destruction by immune competent cells than by
circulating antibody. However, attempts to trans-
fer adoptive or cellular immunity to tumors have
been largely confined to experimental situations
in which the donor and recipient of the cells were
members of the same inbred animal strain (22).
Otherwise the transferred, immune competent
cells may be quickly destroyed by the transplan-
tation immune response of the new host and may
themselves mount a destructive immunologic at-
tack against the host tissues. The present re-
sults suggest a possible solution to these problems
through the use of autologous lymphoid cells in-
cubated in vitro with immune homologous or
heterologous RNA.

Nevertheless, the establishment of such a sys-
tem of immune transfer might first require the
isolation of tumor specific antigens, obviously a
formidable undertaking. Moreover the therapeu-
tic significance of this proposed transfer of cellu-
lar immunity to tumors would very likely depend
upon the ability of the transferred immune state
to become self replicating. Although there is evi-
dence that the transfer factor of Lawrence and
co-workers may possess this quality, at least with
respect to the transfer of delayed allergy to bac-
terial antigens (27), there is no indication from
the present study that the immune response pro-
duced by RNA-treated autologous cells is any-
thing but short lived. Further investigation of
this question will be necessary, however, before
a definite conclusion may be drawn.

Summary

1. Adoptive immunity to skin homografts from
a California white donor was transferred to previ-
ously unsensitized New Zealand white rabbits by
the intravenous infusion of homologous lymph
node cells obtained from a second New Zealand
animal immunized against the same California
donor.

2. Heightened immunity to skin homografts
from a California donor was also transferred to
New Zealand rabbits by the intravenous adminis-
tration of autologous spleen cells incubated in
vitro with homologous RNA extracted from the
lymph nodes of a second New Zealand animal im-
munized against the same California donor. Im-

munity thus transferred was apparently specific
for the tissues of the California donor, since the
survival of nonspecific Dutch homografts in the
same New Zealand test animals was not affected.

3. The transfer of immunity by the RNA-
treated lymphoid cells was abolished by exposure
of the RNA preparation to small amounts of
ribonuclease.

4. The RNA preparation was ineffective in
transferring immunity when administered directly
intravenously without prior incubation in vitro
with lymphoid cells.

5. Autologous lymphoid cells, incubated with
RNA extracted from lymph nodes stimulated
against a protein antigen, were ineffective in in-
ducing the accelerated rejection of skin homo-
grafts.

6. RNA-treated, autologous lymphoid cells and
immune, homologous lymphoid cells were ef-
fective in transferring immunity to skin homo-
grafts when infused at the same time as the test
grafts were applied or when administered 48
hours after grafting. Neither the homologous
cells nor the RNA-treated autologous cells pro-
duced a detectable effect when administered 48
hours before the application of the test grafts.
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