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Transformation of Rabbit Lymphocytes by Specific Antigens.* (32342) 
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(Introdauced by B. H. Waksman) 

Department of Medical Ecology, Hebrew University-Hadassah Medical School, Jerusalem, Israel 

The reactions of peripheral lymphocytes in 
vitro to immuncrlogically specific and noo 
specific stimulants have been intensively in- 
vestigated during the ladt decade( 1,2). Most 
of this effort, however, has been focused oln 
human cells and few investiga)tiom have 
dealt with lymphocytes from experimental 
animals. Earlier unsuccessful attempts to ob- 
tain a specific reaction toward immunizing 
antigens(3,4) have been followed by 3 very 
recent reports of transformation of guinea pig 
anld rabbit lymphocytes by specific antigens 

We record here solme preliminary findings 
concerning Ithe specific reaction of rabbit 
lymphocytes to the different antigens again& 
which the animals were semitized. 

Materials and methods. Antigens. Bovine 
and rat heart homogenates were preprad as 
described by Gary and Davies (8).  The ex- 
tract supernates for immunization were ob- 
tained by cenltrifugation at 12,000 g foa 30 
minutes; for stimulation olf lymphocyte cul- 
tures they were centrifuged at 25,000 g for 
80 minutes. Human IgG was prepared ac- 
carding to the procedure of Campbell et al(9). 

Immunization. Male or femalle molngrel rab- 
bits weighing 2-4 kg were injected iatra- 
dermally and into the hind foot pads with 
antigen emulsions in colmplete Freund's 
adjuvant (Dlifco), in a tdtal volume of 1.0 ml. 
I n i d  injectiions contained 10 mg of human 
IgG or 20 mg (protein) of heart extracts. One 
month later, a booster dose of 10 mg antigen 
without adjuvant, was given subcutaneously 
and intramuscularly. Rabbits injectd with 
adjuvant alone or udtwated, sewed as con- 
trols. 

Lymphocyte cultures. Blood samples were 
drawn from the central artery of the ear or 
the heart, 3 weeks after the first injectioa or 
1-4 weeks after the booster. Heparin (50-100 
units/ml) was added to each blood sample and 

(5,6,7). 

*Supported by grant HE-05739 from Nat. Inst. 
Health, U.S. Dept. of HEW. 

the sedimentation of erythrocytes was en- 
hanced by adding 1/3 volumle <of 3.5 % degtran 
(Pharmacia, T-2 SO). The leukocyte enriched 
plasma was incubated far 60 minutes in flat 
walled bolttles, (to remove phagwytes) and 
then spun domi. The cell sediment was TR- 
suspendled in M-199 medium and aliquiots of 
1.2 to 1.5 x cells were inoculated into 
rubber stoppered glass tub,= with addlibioa of 
stimulants, 20% allogeneic or a,uto;logous se- 
rum and M-199 medium to gibe 2.0 ml final 
volume. As stimulants, antigens in different 
concentrations, or staphylmmcal filtrate, (01.5 
ml/culture, prepared according to Lhg and 
Husband( 10)) were wed. After 5 dBys' in- 
cubation at 37" the cells were fixed and 
stained by the method of Bach and Hirschholrn 
(1 1). Blast cells and mlitoses were colunted in 
a total of 400-1000 cells. Colchicine was not 
added. 

H3-thynzidine imorporation. On the fourth 
day of incubation, 1 JAC of methyl tritiated thy- 
midine (Schwarz BioResearch Inc., 1.9 cJm 
mole) was added to each culture. Twenty-four 
hours later, the cells were spun down, haemo- 
lyzed by 1% citric acid, washed twice with 
M-199 medium and resuspended in 3% nolr- 
mal serum (in medium) 'to which tri~chbro- 
acetic acid (TCA) was then added to 5% 
final conlcentratim. The precipitate was col- 
lected on Millipore filters (poire size, 0.45 p)  
and the radiation counted in a Packard Tri- 
carb Liquid Scintillation Spectrometer. 

Results. The percentages of blast formation 
and mitoses induced in cultures of lymph* 
cytes from immunized rabbits are smlmarizd 
in Table I. All rabbits tested showed an in- 
tensive reaction, of both blast transforrnat!ioln 
and mitotic activity, to staphylococcal filtrate. 
High responses (up to 51.5% b1,ast.s) were 
foun'd also in cultures to which the immunizing 
antigen was added (Fig. 1) and t h e  re- 
sponses always significantly higher than those 
found in control cultures. Both kinds of anti- 
gen, soluble protein (human IgG) and tissue 
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TABLE I. Stimulation of Blast Transformation and Mitoses in Rabbit Lymphocyte Cultures. 

In vitro stimulants 
Immunizing Staph. None 

Rabbit antigen filtrate Bovine heart Rat heart Human IgG (control) 

T- 1 
T-3 
T-4 
T-10 
T-11 
s-1 
8-2 
A- 2 
N-5 
N-6 

* Bovine heart - 
11 11 

1 9  11 
81.4 ( .9) 
78.6 (1.7) 

Rat heart 67.6 (1.5) 
70.0 (1.1) 

Human IgG 58.7 ( .5) 
75.8 ( .6) 

Complete adjuvant 70.5 (1.2) 
None (normal) 63.0 ( .9) 

11 9 9  

11 11 

11 11 74.9 ( .5) 

40.2 ( l . 2 ) t  23.8 ( .4) 
44.8 ( .6) 8.8 ( .2) 
51.5 ( .8) 19.9 ( .2) 
- 47.2 ( .8) 
- 52.0 (1.1) 
- - 
- - 

8.2 ( .O) 6.9 ( .O) 
7.8 ( .O) 5.2 ( .O) 
4.3 ( .O)  7.8 ( .O) 

- 3.6 (.O) 

- 23.5 (.O) 
20.8 (.2) 23.9 (.1) 
13.8 ( . O )  5.0 (.O) 
29.3 (.5) 12.7 ( . O )  
42.2 (.9) 20.2 (.O) 
- 8.7 (.O) 
- 10.6 (.O) 

- .4 (.O) 

5.3 (.O) 4.5 ( . O )  

* Not done. 
t Percent blast cells i n  culture; percent of mitoses in parentheses. 

extracts (bovine or rat heart) were found 
to be potent inducers of the lymphocyte re- 
sponse. Reactions of cross reacting antigens 
were, sometimes, 'though not always, higher 
than those of the controls. 

The control culltures showed a high degree 
of variation in  the number of blast cells after 
the 5 days of incubation. The percentage of 
blasts ranged from 0.4% to 23.970 and high 
counts were found in cultvres of both normal 
and immunized rabbits. The proportion of 
blast forms was not decreased by use of autoc 
logous rather than allogeneic serum. In ccm- 
tradiction to this marked blast formation, few 
or no mitoses were found in control culture 
while the reactions to the stimulants, both 
staphylococcal filtrate and specific antigm, 
was accompanied by a c l a r  mitotic response. 

A sharper indication of tihe in vitro re- 
sponses of lymphocytes was achieved by 
determination of H3-thymidline uptake by the 
cells in culture (Table 11). In all cases, sig- 

FIG. 1. Reaction of peripheral lymphocytes from 
rabbit immunized with beef heart to the specific 
antigen. Orcein acetic acid staining. B = blast cell; 
M = mitosis; s = small lymphocyte. 

nificant incorporation of thymidine was shown 
by stimulated cultures, in distinction to mini- 
mal uptake by the cells in control tubes. Little 
thymidine incarporation was found in control 
cultures even when blast formation was con- 

TABLE 11. HS-Thymidine Incorporation and Morphological Changes of Rabbit Lymphocytes. 

H*-thymidine %I Transformation 

Rabbit antigen In vitro stimulant (cpm x 5) - Blasts (Mitoses) 
Immunizing uptake 

T- 3 Beef heart Staph. filtrate 
Beef heart 
Human IgG 
None (control) 

Rat  heart 
None (control) 

s-1 Human IgG Staph. filtrate 
Human IgG 
None (control) 

T-10 Rat heart Staph. filtrate 

~~ 

54,510 
61,042 

129 
184 

72,117 
46,900 

1,400 
22,356 

1,340 
3,335 

61.3 
42.1 

1.9 
1.0 

80.0 
42.7 
25.6 
58.7 
29.3 
12.7 
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a n t i g e n  p g / c u l t u r e  

FIG. 2 .  Effect of antigen concentration on blast 
transformation and H’--thymidine uptake by rabbit 
lymphocytes. Rabbits were immunized against beef 
heart (A) or rat heart (B) and the lymphocytes 
stimulated itz vitro by the corresponding extract. 

percent blast cells. 
(--- ) H3 -thymidine incorporation; (- ) 

siderable such as in T-10 and S-1. The thy- 
midilne incorporation induced by the different 
stimulants paralleled the morphological re- 
sponse. 

The effect of antigen concentration in the 
culture on the cell response is shown in Fig. 2. 
Maximum reactions were produced by antigen 
at concentrations of 100-300 pgicultme. 
Smaller amolunts of antigen gave a loiwler 
response and excess antigen also led to) a de- 
creased response. 

Lymphocytes collected at  the different times 
af tor immunization reacted similarly to! the 
specific antigens. 

Discussion. Lymphocytes cultured from 
peripheral blwd of immunized rabbits reacted 
strongly to the specific antigens in vitro. The 
significance of (the reaction was best demon- 
strated by thymidine incorporation and mi- 
totic activity which were noit found in con- 
trol cultums. A very high degree od blast 
tramformatioa was found in the stimullated 
cultures, although, in s’omle cases, considerable 
values were also manifested by con~trol lym- 
phocytes. 

A high “spontaneous” blast folmetion in 
control cultures of rabbit lymphocytes was 

reported by Sabesin( 12) and Fikrig et aZ( 13) 
to occur after 5 days of incubation. The vdues 
cited by these authors were, however, higher 
than ours and occurred in all cultures, while 
others (4) failed to find sulch spontaneous reac- 
tions. These variations may be attributed both 
to differences in culture techniques and to 
differences in behavior of different strains of 
rabbits. Our findings give same support to the 
latter possibility: great variations were found 
among the experimental rabbits, witti some 
animals giving constantly thigh values oQ blast 
form’ation and others always lacking thiis 
spcmtanmus reaction. 

The degree of blast formatioln stimulated In 
our experiments by specific antigens exceeds 
by far the reactions reported with lymphocyte 
of immunized guinea pigs(6). The difference 
may be attributed to variations in method, 
mainly in regard to bleeding schedule and im- 
muniniing dose, while Itechnical factors may 
also explain the failure of earlier abtmpts 
(3,4) to obtain a response in vitro. 

The mitotic activity found in our cultures 
was low as colchicine was nolt added. Similar 
values were found by Z w e i m  et aZ(5) in 
guinea pig lymphocyte cultulres stimulated by 
old tuberculin, with, however, the addition od 
colchiuine. The levels of thymidine in- 
c a p r a t i o n  by the sltimulated cells in the 
present experiments resemble those reported 
by Vischer et a2( 7)  with rabbit lymphocytes. 

The kinid of immunity involved in the in 
vitro response of the lymphocytes could not 
be determined in the present experiments, 
since all immulniaed rabbits manifested a 
vigourous response, both od serum antibody 
production and delayed skin reactivity. More- 
ova ,  the addition of antibody containing a,uto- 
logous serum did nat affect the response, a 
finding contrary t’o that of Heilman and MF- 
Farland( 14) who reported that serum anti- 
bodies inhibit the in vitro reaction a f  lympho- 
cytes from dorms hypersensitive to tuberculin. 
In  olther experiments (unpublished), lympho- 
cytes frolm rabbits imlmunrizred without ad- 
juvant showed a striking reaction to (antigen; 
these rablbits gave very little or no delayed 
response. 

Increasing cancentratifam of antigen in- 
crease the degre Q$ jn vitro response up to 
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optimum, after which, excess antigen leads to 
a decrease in the cell reaction. A similar re- 
lationship was shown with lymph node cells 
by Oppenheim et aZ(6). The reduction of 
response in vitro by high doses of antigen 
resembles the induction of unresponsiveness 
in immunized animals( 15,16), but may as 
well be due to toxic effects. 

The mechanisms involved in the response of 
the rabbit lymphocyte in vitro and its rela- 
tionship to other immune reactions itre under 
investigation. 

Summary. Lymphocytes from the blood of 
rabbits immunized with extracts of bovine or 
rat h a r t  or with human IgG, reacted in vitro 
when cultured with (the specific antigen. The 
reaction consisted of intense blast tram- 
formation, mtitotic activity and incorporation 
of H8-thymidine. The level of response was 
found to be dose-dependent. Some un- 
stimulated (cmtrol) cultures showed moderate 
“spontanmus” blast formation, without, how- 
ever, mitotic activity or thymidine uptake. 

Thanks are due to Amos Shapiro for his continued 
assistance. 
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Relationship of Life Maintaining Properties of Corticoids to Their 
Influence on Compensatory Ovarian Hypertrophy in Hemicastrated- 

Adrenalectomized Female Rats. (32343) 

RICHARD A. EDGREN AND DEANN PETERSON CLANCY 
Research Division, W y e t h  Laboratories, Znc., Philadelphia, Pa. 

Hypertrophy of the nemaining ovary after 
hemicastration is a well-known phenomenon. 
Although the mechanism of the hyptmphy 
remains to be elucidated, we believe that re- 
moval of one ovary results in i n c r d  
gonadotrophin secretion (synthesis and/or 
release) by the pituitary gland(1) which 
produces growth of the ovary. Adrenalectmy, 
a t  the time of unilateral ovariectomy, will 
abolish the ovarian response, while adrenal 
replacement therapy with glucocorticoids or 
mineralolcmticoids or saline support will 
restore the ovarian respnse(2). At the 
original colrticoiid dmes employed (cortisol, 

1000 &day or DOC, 500 &day) most an<i- 
mals survived the 2-week exprimenltal period, 
wherem mortality was high in the mtreatd 
groups. In an effort to determine the relation- 
ship of corticoid normalization of the ovarian 
response to their life maintaining effects, we 
have now examined series of doses of desoxy- 
corticosterone and corticosterone in hemi- 
castrated-adrenalectomized rats. 

Materials and methods. Adult (160.180 g) 
female Charles River CD@ rats were adrek 
nalectomized and hemicastrated by removal of 
the right ovary. Drug itreatment began im- 
mediately after operation and continued for 




