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Since there is no reliable in vitro assay of 
the immunosuppressive potency of antilym- 
phocyte serum (ALS), and since preparations 
of ALS often vary unpredictably in their 
effectiveness, the clinical use of this putative- 
ly valuable agent has proceeded in the face 
of uncertainty as to the efficacy of the various 
preparations used. While there is general 
agreement that lymphocyte agglutination and 
cytotoxicity titers of potent antisera are ele- 
vated, not all antisera with elevated titers are 
potent. We have investigated this problem 
in an animal system and have found an im- 
munization schedule which reproducibly re- 
sults in highly effective rabbit anti-mouse 
ALS. We have determined that under these 
conditions the in vitro thymocyte agglutina- 
tion titer reliably predicts in vivo immuno- 
suppressive potency. In  addition, we have 
extended our prior observation (1) that re- 
peated immunization of rabbits with mouse 
lymphocytes, after ALS of optimum potency 
has been obtained, results in high-titer an- 
tisera which have little immunosuppressive 
effect, and have observed that in vitro stimu- 
lation of lymphocytes by ALS does not corre- 
late with immunosuppressive potency. 

Materials and Methods. Adult New 
Zealand white rabbits were immunized by 
injection into the foot pads of 5 X 1@ mouse 
thymocytes or spleen cells in Freund's com- 
plete adjuvant. Booster injections of 5 )( 108 
cells were given intravenously beginning 2 
weeks after the initial injection. Antisera 
were harvested 1 week after completion of 
immunization and were heated to 56" for 30 
min and stored at  -20". No absorption with 

1Supported by Granlts A1 08579 land AM 10824 
from PHS and U.S. Army Contract DA-49-193-MD- 
2621. 

mouse erythrocytes was done. Immunosup- 
pressive activity was measured by increased 
survival of C57B116J skin allografts on 
C3H/He J mice injected subcutaneously with 
ALS. The skin grafts were applied by the 
technique of Billingham and Silvers ( 2 ) .  
After Day 7 grafts were inspected daily for 
viability, and the day of rejection was taken 
to be the first day on which total destruction 
of the graft was evident. There was no gross 
evidence of toxicity of any of the antisera 
tested in the doses employed in these studies. 

Thymocyte and spleen-cell agglutination 
titers were performed by incubating serial 
dilutions of the antiserum to be tested with 
suspensions of spleen or thymus cells in phos- 
phate-buffered saline (20 x lo6 cells per ml) 
in test tubes at  37" for 30 min. Dilutions of 
normal rabbit serum and ALS of known high 
titer were used as controls. After mixing, a 
large drop of the incubation mixture was 
transferred to a glass slide, and the degree of 
agglutination was determined by microscopic 
observation. The agglutination titer was 
defined as the maximum dilution which pro- 
duced agglutination when compared with 
similarly diluted normal rabbit serum. 

Lymphoid cell stimulation was determined 
by the rate of 14C-~-leucine incorporation 
into protein by mouse spleen cells or mouse 
thymocytes cultured in the presence of a 
1 :80 dilution of ALS. Phytohemagglutinin 
(PHA-M, Difco) -stimulation of the same 
preparation of lymphocytes was determined 
in each case. Normal rabbit serum controls 
were also performed. The lymphoid cells were 
incubated for 4 days at  37" (in a 5% COZ 
95% air, water-saturated atmosphere at a 
concentration of 1 x lo7 cells per ml in 
Eagle's medium with 15% fetal calf serum, 
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TABLE I. In Vivo and in Vitro Effects of ALS. 

Mouse skin allograft Thymocyte- 
No; of survival (days) agglutina- 

Immunizing immunizing No. mice tion titer 
Serum cells injections tested Range Median 2 SD (l/log,) 

NRS" - - 79 8-14 9.8 4 1.2 1 
ALS-5 Spleen 1 9 9-11 9.0 4 1.1 3 
ALS-1 Spleen 3 5 10-13 10.5 4 1.2 5 
ALS-3 Thymus 1 8 10-14 1 1 . 4 2  1.1 5 
ALS-6 Spleen 2 9 11-15 12.3 4 1.1 7 
ALS-4 Thymus 2 6 35-51 36.0 4 1.1 8 
ALS-2 Thymus 2 7 24-52 36.0 1.5 9 

@ Normal rabbit serum. 

200 U penicillin, 200 pg of streptomycin, and 
0.5 pCi of l4C-~-leucine. Protein was iso- 
lated, and the radioactivity was counted as 
described previously (3). The lymphocyte- 
stimulation index was calculated by dividing 
the mean counts for three stimulated cultures 
by the mean counts obtained for cells cul- 
tured with normal rabbit serum. 

Results. In the first study six antisera were 
prepared. ALS-1 was harvested after primary 
immunization of 1 2  rabbits with spleen 
cells in adjuvant followed by two booster 
injections of spleen cells. ALS-2 was obtained 
by primary immunization of nine rabbits 
with thymocytes in adjuvant followed by a 
single booster injection of thymocytes. ALS-3 
was harvested from a group of 10 rabbits 
after primary immunization with thymocytes 
in adjuvant, and ALS-4 was obtained from 
the same rabbits after the first booster injec- 
tion of thymocytes. ALS-5 was harvested 
from a group of 10 rabbits after primary 
immunization with spleen cells in adjuvant, 
and ALS-6 was harvested from the same rab- 
bits after the first booster injection. Allograft 
survival times listed in Table I were deter- 
mined in mice that received five injections of 
0.1 ml of ALS on alternate days beginning 
two days prior to grafting. As noted in Table 
I, the thymocyte-agglutination titers of the 
sera raised in this study correlated well with 
the allograft survival times (r=0.81, p< .01). 

I n  the second study a group of 10 rabbits 
was initially injected with thymocytes in ad- 
juvant. This was followed by a series of four 
intravenous booster injections of 5 X 108 

thymocytes given at 2-week intervals. An- 
tiserum was obtained from these rabbits 1 
week after each injection. The thymocyte- 
agglutination titers of each of these ALS 
preparations and the skin-allograf t survival 
times after an injection of 0.1 ml of ALS 2 
days before grafting are illustrated in Fig. 1.  
I t  is clear that the most effective antiserum 
was that obtained after the first booster injec- 
tion (ALS-B) . Repeated immunization re- 
sulted in progressively less immunosuppres- 
sive antisera (ALS-C to ALS-E). After the 
fifth injection the antiserum (ALS-E) was no 
more effective than normal rabbit serum. 
The thymocyte-agglutination titer reached a 
maximum of 1:1024 after the first booster 
injection at  the same time that the ALS be- 
came maximally immunosuppressive (ALS- 
B) . However, the thymocyte-agglutination 
titer remained elevated after repeated booster 
immunizations. As noted in Fig. 1, the lym- 
phocyte-stimulation indices also increased 
with successive immunizations and reached 
their maximum value after the third booster 
injection. 

Since the results of the first two studies 
had indicated ALS of high immunosuppres- 
sive potency could be prepared by initial 
immunization with thymocytes in adjuvant 
followed by a single intravenous booster in- 
jection of the same cells, a third study was 
performed to check the consistency of this 
finding. Each of 1 1  rabbits was given an 
initial immunization and a single booster in- 
jection of thymocytes. Antiserum was har- 
vested from each rabbit 1 week after the 
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FIG. 1. Median skin allograft survival (brackets in- 
dicate 95 % confidence limits, thymocyte agglutina- 
tion titer, and in vitro lymphocyte-stimulation index 
(see text) for normal rabbit serum (NRS) and ALS 
preparations A-E harvested from the same groulp of 
rabbits after successive 2-week immunizations with 
mouse thymocytes. Arrows indicate times of immuni- 
zations 

booster injection. The thymocyte agglu tina- 
tion titer and the immunosuppressive potency 
of each antiserum (given as a single 0.1-ml 
injection 2 days before grafting) were then 
tested as noted in Table 11. It is apparent 
that each rabbit yielded antiserum of high 
immunosuppressive potency after the first 
booster injection and that the thymocyte ag- 
glutination titers of each of these antisera 
were consistently high. 

Discussion. These results indicate that rab- 
bit ALS of high immunosuppressive potency 
may be regularly produced by an initial in- 

jection of thymocytes in adjuvant followed 
by a single intravenous booster injection of 
the same cells. In addition, these studies are 
consonant with the work of others which has 
suggested that thymocytes yield more potent 
ALS than spleen cells (4).  

Moreover, the present results demonstrate 
that after repeated immunizations the thymo- 
cyte agglutination titer of ALS remains high, 
but the immunosuppressive potency progres- 
sively declines. A similar decline in potency 
of ALS after increasing numbers of immuniz- 
ing injections has been observed by Medawar 
and his associates (5, 6) in some but not all 
of their studies with rabbit anti-mouse ALS. 
The same phenomenon was also noted inci- 
dentally by Jeejeebhoy and Vela-Martinez 
( 7 )  who utilized this information to 
document the fact that leukoagglutination or 
cytotoxicity titers of ALS were not necessari- 
ly correlated with immunosuppressive poten- 
cy. The present results, on the other hand, 
indicate that if ALS is harvested from rabbits 
at  the appropriate time, e.g., after the first 
booster immunization, the thymocyte- 
agglutination titer does appear to correlate 
with immunosuppressive potency. 

Levey and Medawar (6) concluded that 
the most likely mechanism of the immuno- 
suppressive action of ALS was the Werile 
activation of lymphoid cells.” They, there- 
fore, suggested that “the most appropriate in 
vitro test for the potency of a sample of ALS 
would be one based on its power to produce 
blast formation.” In the present study we 
have investigated this possibility in a sys- 
tematic fashion and have found that in vitro 
stimulation of lymphocytes by ALS did not 
correlate with the immunosuppressive poten- 
cy of preparations tested. In  fact, the in vitro 
stimulating capacity of ALS increased with 
increasing numbers of booster injections 
while the immunosuppressive potency of the 
same ALS preparations was progressively de- 
clining. 

In view of the present finding that, in the 
rabbit at least, multiple booster injections 
lead to a progressive decline in the potency 
of ALS, it is of interest to note that several of 
the preparations of ALS currently in clinical 
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TABLE 11. I n  ‘viuo and in Pitl-o Effects of ALS. 

Mouse skin allograft survival (days) Thymocyte- 
No. of rabbit No. mice agglutination 
source of ALS tested Range Median * SD titer ( l/log2) 

NRS” 
697 
163 
335 
769 
961 
298 

25 
842 
725 
742 
767 

79 
6 
5 
6 
7 
9 
8 
8 
8 
8 
8 
7 

8-14 
13-38 
15-22 
13-2 2 
14-22 
10-23 
12-20 
13-2 1 
10-23 
14-20 
15-20 
13-18 

9.8 2 1.2 
18.5 k 1.4 
17.5 2 1.2 
15.9 k 1.4 
16.3 2 1.2 
16.2 k 1.1 
16.2 2 1.3 
15.2 f: 1.2 
15.3 k 1.4 
15.6 2 1.2 
15.0 f: 1.2 
15.5 k 1.2 

1 
10 

8 
8 
9 
9 
8 
9 
9 

10 
8 
9 

a Normal rabbit serum. 

use have been harvested from horses that 
have received multiple booster injections of 
human lymphoid tissue (8, 9). While i t  is 
true that ALS of demonstrable immunosup- 
pressive activity has been raised in horses 
which received multiple booster injections of 
dog lymphocytes (10, 11), it would appear 
desirable to investigate the possibility that at  
some point increasing immunization of the 
horse, like the rabbit, may yield ALS of di- 
minished potency. 

Summary. The thymocyte-agglutination 
titer of ALS raised in rabbits against mouse 
lymphoid cells correlated with immunosup- 
pressive potency of antisera harvested after 
one or two immunizing injections. However, 
when ALS preparations were harvested from 
rabbits given multiple booster injections of 
lymphocytes the thymocyte-agglutination 
titer remained elevated whereas immunosup- 
pressive potency progressively declined. The 
capacity of ALS preparations to stimulate 
mouse lymphocytes in vitro did not correlate 
with the immunosuppressive potency of these 
antisera. 
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