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of chromosome breaking compounds such as 
alkylating agents ( 1  1 , 1 2 ) .  
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Immunosuppressive Activity of Rabbit Antisera Directed against 
Mouse Lymphocytic Leukemia L1210* (32741) 

ISAAC WITZ, YASUO YAGI, AND DAVID PRESSMAN 
Department of Biochemistry Research, Roswell Park Memorial Institute, Bufl’alo, New York 14203 

In the course of studies on the in vivo 
localizing properties of antibodies directed 
against the lymphocytic leukemia L1210, it 
was found that the antibodies exhibited 
mmked localization in spleens of the injected 
mice as did antibodies directed against homo- 
genates of mouse spleen and lymph nodes. 
Such localization in spleen was seen with 
anti-L12 10 sera prepared against cells grown 
in continuous culture as well as those in the 
ascites form. 

In view of the fact that antibodies against 
lymphmytic cells are known to suppress anti- 
body formation( I ) ,  it was of interest to 
determine whether the antibodies to cultured 
leukemic cells and to ascites cells would cause 
immunosuppression in mice. 

The effect on the immune response was 
evaluated by determining the concentration 
of plaque forming cells in the spleen and by 
determining the titer of humoral hemagglu- 
tinins 4 days following a single injection of 
sheep erythrocytes into mice. The results are 
reported here. 

* Supported in part by Contract #AT-(30-1) 
-2651 from Ithe U. S. Atomic Energy Commission. 

Materials and Methods. The mice used 
throughout this study were 2 months old, 
male inIbrd DBA/2. 

The L1210 cells grown in a suspension cell 
culture were obtained from Dr. G. E. Moore. 
Same of the characteristics of these cells were 
described(2). The ascites form of the L1210 
cells was maintained in male DBA/’2 mice 
and was ,transplanted weekly by intraperi- 
toneal injmtions. 

Antisera were prepared in rabbits against 
the following materials: (i) L1210 leukemia 
cells grown in cell culture, (ii) L1210 leu- 
kemia cells grown in vivo as ascites tumors 
in DBA/2 mice, and (iii) homogenates of 
DBA/2 spleens and lymph nodes. 

The leukemia cells from either source were 
washed 3 times with 50 volumes of Ringer’s 
solution. Three rabbits were injected with 
cultured L1210 cells and 4 rabbits with as- 
cites L12 10 cells. Each rabbit received 2-3 
injections a t  24week intervals of a cell sus- 
pension in Ereund’s adjuvant equivalent to 
0.25-0.4 rnl of packed cells. The injections 
were made int’radermally (in the footpads), 
subcutaneously, and intramuscularly. The 
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rabbits were bled 2-3 weeks following the last 
adjuvant injmtion, and then periodically fol- 
lowing intraperiltoneal bcxxter injections which 
were given without adjuvant. Antisera from 
different b l d n g s  and rabbits were pooled 
to give an anti-cultured L 1 2 1 0  antiserum and 
anti-ascites L12  10 antiserum. 

Spleens and lymph nodes (inguinal, mesen- 
teric, axillary, brachial, and suprficial cervi- 
cals) were homogenized in a blender for 1 
min with an equal volume of saline. An 
amount equivalent to 0.5 ml of th is  homoge- 
nate in m p l e t e  Freund's adjuvant was in- 
jected 3 times into each of 4 rabbits at 2-week 
intervals. The injections were made intrader- 
mally (in the footpads), subcutaneously, and 
intramuscularly. Four weeks after the last 
injection, a boater series of 2 injectiom 
(without adjuvant) with a week interval be- 
tween them was given. The rabbits were bled 
a week later, and then another time follow- 
ing an additional booster injwtion. The sera 
from the different bleedings and different rab- 
bits were p l e d  to give an antispleen and 
antilymph node antiserum. 

The antibody plaque technique employed 
was carried out essentidly according to the 
method of Jerne et aZ.(3,4). The plaque tests 
were carried out in disposable petri dishes of 
6 cm diameter. The volumes of Ithe 2 agar 
layers had been adjusted to the size of plates 
used. In our tests we incubated the plates 
in an ordiwry incubator rather than in a 
C02 incubakor used by Jerne. 

Hemagglutination was carried out as fol- 
lows: serial, twofold dilutions of inactivated 
(56"C, 30 min.) mouse sera were made in 
Difco hemagglutination buffer at pH 7.2. To 
0.3 ml of each serum dilution, 0.1  ml of an 
8% suspension of sheep RBC was a d d d .  The 
tubes were shtken and kept at mom tan- 
perature for 18-20 hours. The end point of 
agglutination was taken as the last dilution 
showing macroscopic agglutination. 

Tmmunoelectrophoresis was carried out on 
microscope slides with the LKB apparatus. 

Results. In  the experiment outlined in Ithe 
tables, mice of Group no. I were injected 
intrapenitoneally with 0.5 ml of a 20% sus- 
pension of sheep erythrocytes in Eagle's me- 
dium (untreated control). Those of Group 

no. 2 were injected intraperitoneally daily 
with 0.25  ml of p l e d  normal rabbit serum 
(from 5 rabbits) for 6 successive days. Mice 
of Group no. 3 were injected daily intraperi- 
toneally with 0 .25  ml of the antispleen and 
antilymph node antiserum. Mice of Groups 
4 and 5 were injected daily intraperitoneally 
with 0 . 2 5  ml of (the anticultured L 1 2 1 0  anti- 
serum and anti-ascites L 1 2 1 0  antiserum, re- 
s p t i v e l y  for 6 succesGive days. On the 
eighth day (the second day after the last 
serum injection), p u p s  2-5 were injeoted 
with 0.5 ml of a 20% suspension of sheep 
erythrocytes. All the mice were bled and 
their spleens taken for plaque a s a y  at  the 
fourth day after injection of erythrocytes. 

Plaque forming cells in nontreated and in 
serum treated mouse spleens. Thee po~tions 
of each spleen cell suspension were tested. 
Spleen cells were counted with the aid of a 
Coulter mun ter . 

Table I gives the distribution and the mean 
of plaque forming d l s  per 106 spleen cells 
of nontreated and serum treated mice. It m 
be s e n  t h t  treatment with normal rabbit 
serum prior to immunimtion with sheep q t h -  
rocytes citz1sBd a significant decrease in the 
number of plaque forming cells as c m p d  
to nontreated mice (10.05 > p > 0 . 0 2 ) .  The 
values of the p I q u e  forming cells in spleens 
of ant.iserum treated mice were therefore com- 
pared to the values of the plaque f m i n g  
cells in spleens of inmnal =rum treated mice. 
It is evident ,thiat treatment with b t h  anti- 
spleen-lymph-node antiserum and with anti- 
asciltes L 1 2 1 0  antiserum caused a significant 
decrease in ,the number of plaque fonning 
cells in the spleens of the trmted mice, as 
compared to the normal serum treated mice 
( P  < 0 . 0 1 ) .  

Anti-cultured L 1 2 1 0  antise!rum was also 
active a5 an i4mmunosuppressive agent al- 
though not as active as the ~brmm antisera 
as compared to normal serum tread4 mice 
(0.05 > p > 0.02). 

Hemugglutinin response to sheep erythro- 
cytes in nontreated and in serum treaded mice. 
Table I1 shms ithe distribution of the hem- 
agglutination ti& for the various mouse sera 
4 days after imuniza.tion with shmp eryth- 
rocytes. 
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TARLE I. Plaqiic~ Forniiiig Cells (PI7(') in Spleens of Mice Treated with Rabbit Antisera Directed 
Agaiiist Mouse Leukemia L12180 and Against Lgmphocytic Tissues. 

So.  of spleens giving indicated range of PFC per 
inillion spleen cells" PFC 

per niillioii 
Inellt:ll SI) 1CWJlfi over spleeii c c l b  
group Scruiii iiscvl uscvl O-:W :<O-(iO (i0-90 90-1211 12(b150 150-200 200 (iiicam & SE)  

-- Eslwri- S o . o f  - 

9 1 S o n c  17 0 3 3 2 4 Y 3 131 2 19 

3 Aiiti-sl)lwii ant1 10 G 3 1 0 0 0 0 2 8 2  7 

4 Anti-culturctl 10 2 2 4 2 0 0 0 52 2 12 

5 Aiiti-:iscitvs 10 0 3 1 0 0 0 0 30 -+- 5 

2 Xoriii:il 10 0 1 7 0 2 0 0 8 5 2  8 

1!'1111)11 11ocle 

111210 

1,1310 

" F::u*li splcrii W:IS tcsttul i i i  triplicate. The v:iliiw arc IIIPNIS of the 3 c1ctc~~niiii:itioiis. 

I t  can be seen that the suppression of hem- 
agglutinin titer by treatment with rabbit Sera 
paralleled the suppression of plaque fwming 
cells. The largest suppression was caused by 
antispleen-lymph-nodes antiserum and by 
anti-ascites L1210 antiserum. Less suppres- 
sion was caused by anti-cultured L12 10 anti- 
serum and only a slight suppression by nor- 
mal serum. 

Antibody response to  the injected rabbit 
sera. Some m o w  sera were tested for anti- 
bodies against the injected rabbit sera. The 
rabbit antisera used for injection were sub- 
jected to electrophoresis and the immune 
electrophoresis patterns were developed with 
the individual mouse sera. All the tested mouse 
sera showed 1-2 precipitate arcs which corres- 
ponded to rabbit serum proteins od the 
mobility of u or p globulins. There were rn 
differences between the groups in respect to 
the number of lines formed. 

Discussion. The immune response of DBA/ 
2 mice to .sheep erythrocytes could be sup- 
pressed significantly by treatment of these 
mice with rabbit antisera directed against 
Iymphocy-tic leukemia L1210. Antisem against 
the cultured cells and ascites cells were both 
effective. The degree of immunosuppression 
was coanparable to the one i n d u d  by treat- 
ment with an antiserum direoted against 
spleen and lymph nodes. Both anti-Ll210 
antisera apparently contained antibodies di- 
rected against those antigenic components 
which are important in the immunosuppres- 
sion phenomenon. Apparently the cultured 
cells had not lost these components during 
cult we. 

The distrilbution of these antigens in the 
various tissues has not yet been very thor- 
oughly documented. Although W a k m  (5)  
and Jeejwbhoy (6) presented data indicating 
that none of these antigens are present in cm- 

TAT3TZ TI. H c m a ~ g l u t h i i n  Response in  M i m  T r e a M  with Rabbit  Antisera Directed Again& 
Moiisc J,cukemis L1210 a i d  Against Ilympliocytic Tissues. 

No. of sera showing indic:ttecl hemaggluthin 
titer 

Experinicntal S o .  of sera 
group SCrUll l  11Wd assayed <15 15 30 60 120 240 

1 x o n e  16 0 0 2 9 3 2 
2 Normal 10 0 0 2 7 1 0 

4 Anti-cultured L1210 9 2 2 4 1 0 0 
5 Anti-ascites L1210 10 2 5 3 0 0 0 

3 Antispleen-lymph-nodos 10 4 5 1 0 0 0 



4 5 c A  DISTRIBUTION IN ARTERIAL TISSUE 565 

bin other tissues a- cdls (polymophucleatr 
cells or liver), there was a repart of Levey and 
Medarwar (7) that L cells and m o w  epi- 
dermal cells did contain m e  of the antigens 
silm antisera direoted against than had im- 
munopressive properties, and were capable of 
prolonging skin homograflts. These authors 
concluded that the antigens are nat Unique for 
lymphocytic cells. 

Our results, like the results of o k  in- 
vestigators (8,9) show that injection of nor- 
mal rabbiit serum caused a certain d e w  of 
immunosuppression. The nature of the s u p  
pression remains to be investigated. 

Summary. Rabbit antisera dimctd again& 
cultured mouse lymphmytic leukemia L12 10 
cells as well as \&me directed against the 
ascitis form were shown to lye imunoslup 
pressive when injected into mice prim to im- 
munization with sheep erythrocytes. The ex- 
tent of immunosuppression was comparable 
to the one induced by injection of antisera di- 
rected against mouse spleen and lymph node 
antigens. The degree of immunosupressim was 
quantitated by assaying the number of mti- 

M y  forming cells by plaque fannation in a 
sheep erythrocyte medium, and by titation 
of humoral hemagglutinins. 

We wish to thank Mr. J. Bernecky and MT. J. 
Planinsek for technical assistance and Dr. G. E. 
Moore for the cuItured L1210 cells. 
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Intracellular Distribution of Calcium45 in Arteries of Normal and 
Hypertensive DogsY (32742) 

HENRY W. OVERBECK* AND LOYAL L .  CONRAD (Introduced by J. B. Scott) 
Veterans Administration Hospital, Oklahoma City, Oklahoma; and the Departments of Medicine 
and Physiology, University of Oklahoma Medical Center, Oklahoma City ,  Oklahoma 73104. 

Evidence has accumulated suggesting that 
the oalcium ion plays an important role in 
maintenance of the blood pressure level in 
man both in normotemian and in some forms 
of secondary hypertension. This evidence has 
‘been reviewed recently by several authors 
(1, 2 ) .  In  addition, well documented changes 
occur in the electrolyte h d  water compition 
of walls of small and large aa-teries in hyper- 

*Work supported by Grant HE 09436 fmm the 
USPHS (National Heart Institute) and by V e t e m  
Ahinistrztion Funds. Work done during the tenu’re 
of a Veterans Adminihation Clinical Investigatorship 
(Dr. Overbeck). 

Present address: Dept. of Physiology, Michigan 
Staite UNv., E. Lansing, Michigan 48823. 

tension ( 3 ) .  These changes include increases 
in calcium content of small arttries (4) and ot 
arterioles (1) in expimental hypertension, 
amd suggest that alterations in arterial wall 
d u u m  metrubolism may accompany or under- 
lie hypertension. In vim of these relationship 
and findings, it is of interest to study the in- 
tmellular distribution of dciurn  of wt.aria1 
wall in normoltension and hypertension. The 
technique of differential centrifugation is ap- 
propriate for such an investigation. 

Ahhough the intracellular &tribu)tion of 
45Ca in c d a c  muscle has been reported 
( 5 , 6 ) ,  there are no published sindiar studies 
of vascular wall tissue. In the present study 
radial arterial, carotid arterial, and descending 


