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The past decade has been witness to a radical shitt in the definition and classifica- 
tion of the lymphocytes. Until recently, the lymphocytes were considered to be a ho- 
mogeneous population of cells in the animal body, albeit segregated into the different 
paxenchymal lymphoid organs, with only the size of the mature cell to serve as a dis- 
tinguishing criterion, the thymocyte being smaller than the lymphoid cells in the 
other lymphoid tissues. I t  has subsequently been demonstrated that, fax from being 
even relatively homogeneous, the lymphocytes constitute an extremely heterogeneous 
population of cells, using the following nonimmunologic considerations as criteria: 
(a) The life span of the cell (short-lived versus long-lived lymphocytes) (1, 2) ; (b) The 
central or peripheral origin of the cell (3, 4); (c) The dependency of the cell on external 
lymphoid influence, i.e., thymic and bursal dependence (5, 6); (d) The differential 
migratory pathways of the lymphoid cells of the various lymphoid organs (7); (e) The 
physical fractionatlon of the cells on a gradient (8-10). 

In  a previous communication, we have demonstrated that  the lymphocytes 
in the normal rabbit can be differentiated on the basis of their responses to 
phytohemagglutinin (PHA) 1 (11) and antigens (12). We have now investigated 
further the question of the heterogeneity of the normal lymphoid cell popula- 
tion on the basis of the response to PHA, anti-immunoglobulin antiserum, and 
allogeneic and xenogeneic cell stimuli, and on their capacity to adsorb radio- 
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immunoglobulin antiserum; Med-PS, Medium 199 containing penicillin (100 units/ml) and 
streptomycin (100/~g/ml); Med-PS-NRS, Medium 199 containing normal rabbit serum 
(15%), penicillin (100 units/ml), and streptomycin (100/~g/ml) ; PHA, phytohemmagglutinin; 
NGGG, normal goat gamma globulin. 
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ac t ive ly - l abe led  an t i - immunog lobu l in  an t i se rum.  T h e  resul ts  p re sen ted  below 

leave  no d o u b t  as to  t he  func t iona l  he t e rogene i t y  of the  l y m p h o c y t e s  in t he  

n o r m a l  rabbi t .  

Materials and Methods 

Adult, New Zealand white rabbits, varying in age from 4-6 months, were used in this 
study. The phytohemagglutinin (PHA) used was phytohemaggintinin M obtained from Difco 
Laboratories, Detroit, Mich. The contents of a vial were dissolved in 5 ml of sterile Medium 
199 (Microbiological Associates, Inc., Bethesda, Md.,) and this solution, rderred to as un- 
diluted PHA, was diluted 5- and 10-fold in Medium 199. Normal goat gamma globulin 
(NGGG) was obtained from Pentex, Inc., Kankakee, Ill. The anti-immtmoglobulin serum used 
was a goat anti-rabbit-lmmunoglobulin antiserum (GARIG), the preparation and character- 
istics of which have been previously described (13). The goats were each given 3 intramuscular 
injections of rabbit immtmoglobulin (100 nag) in complete Fretmd's adjuvant at 7-day inter- 
vals. The immunoglobulins were purified by filtration through a column of Sephadex G-200 
and DEAE-cdlulose. The goats were bled 2 wk after the third injection of the antigen. The 
complement (C) used was fresh whole guinea pig serum obtained by repeated cardiac punc- 
ture of normal, adult guinea pigs. The pooled serum was absorbed with rabbit red cells and 
kept frozen at --20°C until used. 

The rabbits were sacrificed by the intravenous administration of nembutal (50 mg/q~g 
body weight) and the various organs were removed in rapid order, the entire procedure taking 
no longer than several minutes. The organs removed were bone marrow (femur and 
tibia), popliteal lymph node, spleen, thymus, appendix, and saceulus rottmdus. Where 
peripheral lymphocytes were to be tested as well, the rabbit was bled from the heart 
with a heparinized sterile syringe prior to sacrifice. The blood was diluted with 6% 
dextran in saline (tool wt 250,000) (Pharmacia Fine Chemicals, Inc. Uppsala, Sweden) in a 
ratio of 3:1 (blood:dextran) The mixture was introduced into sterile disposable plastic tubes 
(Falcon Plastics, Los Angdes, Calif.) which were placed in an incubator at 37°C and allowed 
to sediment at a 60 ° angle for 45 min. The leukocyte-rich plasma-dextran layer was then care- 
fully decanted, diluted 10-fold with Medium 199 and centrifuged at 1500 rpm for 10 rain. The 
cells were resuspended in Medium 199 and washed once more before use (800 rpm for 10 rain). 
The organs other than the bone marrow were cut into small fragments and teased through 
a sterile wire mesh (50 mesh) into Medium 199 by the application of slight pressure. The 
bone marrow cell suspensions were prepared by flushing the bone marrow with several por- 
tions of normal rabbit serum (NRS) (Microbiological Associates) into sterile plastic tubes. 
We have observed that the stability of the bone marrow cell suspension is enhanced if NRS 
is used in place of Medium 199 and heparin. The cell mass was gently shaken in the plastic 
tubes and centrifuged at 500 rpm for 5 rain. The fatty upper layer was decanted and the cell 
button was suspended in Medium 199 containing homologous NRS (final concentration 15%). 
The cell suspensions of the various organs were diluted in Medium 199 containing normal 
rabbit serum (15%), penicillin (100 units/ml), and streptomycin (100 pg/ml) (Med-PS-N-RS) 
to contain 106 to 10 T ceils per ml. The various protocols carried out in this investigation are 
presented in Fig. 1. 

I. Stimulation of Rabbit Lymphoid Cells in Vitro with PttA or GARIG.-- 
The technique used for cell culture has been described previously (12) and is outlined in 

Fig. 2. The cells were suspended in Medium 199 containing penicillin (100 tmits/ml) and 
streptomycin (100/~g/ml) (Med-PS) to which was added either NRS or gamma globulin-free 
NRS. The latter was prepared by precipitating the gamma globulins at 50% saturation with 
ammonium sulfate. The superuatant, essentially free of gamma globulin by electrophoresis 
on cellulose acetate strips and immunoelectrophoresis, was dialyzed extensively against dis- 
tilled water, then lyophillzed and dissolved in Medium 199 to a concentration of 15%. The pH 
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was adjusted to 7 with sodium bicarbonate. 4 ml portions of each of the cell suspensions 
(106-10 ~ eells/ml) were transferred to sterile disposable (Falcon) plastic tubes. 0.25 ml of the 
PHA solution or 0.1 or 0.2 ml of GARIG was added to each tube. Control tubes received 0.1 
ml of normal goat serum or gamma globulin (Pentex). The tubes were sealed and incubated 
at 37°(] for 3 days. 

16 hr prior to termination of culture, 2 #c tritiated thymldlne (specific activity, 1 curie per 
mmole) were added to each tube. At the conclusion of culture, the tubes were centrifuged at 
2000 rpm for 15 rain, washed twice with 2 ml of 5% trichloroacetic acid, digested overnight 
with 0.5 ml Hyamine 10X (Packard Instrument Co., Inc., Downers Grove, Ill.) and trans- 
ferred to counting vials to each of which was added 15 ml scintillation solution (12). The 
radioactive content of the vials was determined in a model 4000 Packard scintillation counter. 

GROUP I EXPTS. ,~mla l l l l l l l l l l ~  ADULT I i 1 ~  

~ | RABBIT | ~  Cells incubated with 
PHA or OARIG lot" 3 de~ng ,p 

Bone marrow cells 
Spleen ceils 
Sac. rotundus cells 
Appendix cells 
Thymus cel Is 
Lymph node cells 
Peripheral [ymphocytes % 

GROUP II EXPTS. 

Prelncubatlon of cells with 
GARIG + C'or PftA + C , 
followed by incubation with 
GARIG and PHA. 

GROUP Ill EXPTS/ GROUP IV EXPTS. 

Cells incubated with Cells in~sbated with 125 
mitomycln C-treated allogeneic GARIG- SI or NGGG- I. 
or xenogeneic wbc. 

FIO. 1. Protocoh for the demonstration of the functional heterogeneity of lymphoid cells 
in the different lymphoid organs in the normal rabbit. 

The results are expressed as counts per minute per culture tube, counts per minute per 106 
cells, or as specific activity, which is defined as the ratio of the uptake of tritiated thymidine 
by the cells in the presence of the stimulating agent to that taken up in its absence. 

H. The Effect of Preincubation of Rabbit Lymphoid Cells wRk GARIG and ComplemenJ or 
PttA and Complement on the Subsequent Response to GARIG and PHA.-- 

Cells of six of the organs previously enumerated (appendix, bone marrow, lymph node, 
spleen, peripheral blood, sacculus rotundns) were prepared in suspensions containing 4-8 X 
106 lymphocytes/ml. The thymus cells were prepared as a suspension of 20-40 X 106 cells/ 
ml. 1 ml portions of each cell suspension were dispensed into Falcon plastic tubes and sets of 
6 tubes were each incubated for 1 hr at 37°C with one of the following reagents: complement, 
0.1 or 0.25 ml; PHA, 0.25 ml; GA1LIG, 0.2 ml; GARIG, 0.2 ml plus complement, 0.25 ml; or 
PHA, 0.25 ml plus complement, 0.25 ml. After incubation, all the cell suspensions were washed 
twice in Medium 199 and that of each tube was resnspended in 4 ml of culture medium con- 
taining 15% gamma globulin-depleted NRS to give final cell concentrations of 5-10 X 106 
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cells/ml in the case of the thymus or I-2 X 106 cells/ml for all the other organs. Of each set 
of 6 tubes, two received PHA (diluted 10-fold, 0.25 ml), two received GARIG (0.I ml), and 
two were kept as control. All the tubes were cultured for 3 days and processed as described 
above under section I. 

HI. Stimulation of Rabbit Lymphoid Cells vaith Mitomycin C Ina~tlvated Allogenelc and 
Xenogene~ Cells.-- 

Human and rabbit peripheral leukocytes were used as stimulating cells. Human cells were 
obtained by gravity sedimentation of heparinized blood at 37°C for 45-60 rain. As stated 

N A O R M A L  

D U L l "  ] 
R A B B I T  / 

/ ",,, 
BLOOD APPENDIX 
SPLEEN SAC. ROTUNDUS 
LYMPH NODE THYMUS 

BONE MARROW 

 oOoOoOoOoOy - 
WIRE MESH 

I CELL SUSPENSIONS IN MED. 199 + 
PEN. + STREP. + N R S 

i I i 

THYMUS SPLEEN APPENDIX 
I - I0 x lOS cells / ml L. NODE SAC. ROTUNDUS 

2 x I0" cells / ml BONE MARROW 
BLOOD 

I x 10 e cells / ml 

CELLS CULTURED FOR THREE DAYS IN 4% CO t IN AIR, THYMIDINE-3H ADDED ON DAY 2 
- q P  

CELLS HARVESTED DAY 3, AND PROCESSED (see text)  

SCINTILLATION COUNTER 

COUNTS PER IO I CELLS OR PER CULTURE TUBE OR SPECIFIC INCORPORATION 

FIG. 2. Procedure for the culture of rabbit lymphoid cells stimulated with PHA or GARIG 
in vitro. 
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above, rabbit blood was mixed with dextran before sedimentation. The leukocytes recovered 
by centrifugation of the buffy coat were washed twice in Medium 199 and resuspended in 
Medium 199 containing 15% normal rabbit serum in a concentration of 2 X 106 cells per ml. 
The one-way stimulation test was carried out by the method of Bach and Voynow (14). The 
leukocytes were incubated with 25 gamma Mitomycin C (Nutritional Biochemicals Corp., 
Cleveland, Ohio) per ml of cell suspension for 20 rain at 37°C, followed by 3 washes to remove 
the drug. The ceils of the lymphoid organs of the rabbits, referred to as the responding cells, 
were suspended in Med-PS-NRS in a cell concentration of 2 X 106 cells/ml and tested for 
their ability to respond to the mitomycin C treated rabbit (allogeneic) and human (xenogeneic) 
leukocytes. The stimulating cells were mixed with an equal number of responding cells to give 
a final combined cell concentration of 2 X 106 cells/ml in a total volume of 4 ml. Thymus cells 
were generally used in higher concentrations (2-10 X 106 cells/ml) for reason discussed below. 
The mixed leukocyte cultures were maiutalned for 5 days at 37°C. Tritiated thymidine (2/~c) 
was added to each tube about 16 hr prior to the termination of culture and the extent of radio- 

TABLE I 

Tritiated Thymldine Uptake of Normal Rabbit Sfle.cn Lymphocyte$ Incubated With PHA or 
GARIG for 3 or 5 Days in Cell Culture In Vitro 

Stimulant added to cultures Day of addition 
of stimulant 

Ttitiated thymidlne uptake by cultures 

Day 3 Day 5 

ctna per cultura* 

None 0~ 1,259 594 
NGGG 0 1,360 670 
PHA 0 14,623 723 
PHA 2 - -  4,819 
GARIG 0 6,074 1,384 

* Counts per minute. Each v~lue represents the mean of triplicate determinations. 
~/Day 0 represents the beginning of incubation. 

active incorporation by the responding cells was determined by the method described in 
section I. 

IV. The Uptake of GARIG-i~51 and NGG-i~sI by Normal Rabbit Lymphoid Cdls.-- 
The gamma globulin fraction of GARIG was prepared by ammonium sulfate precipitation 

according to the method of Stelos (15), and it was further purified on a DEAE-ceilulose column 
containing 1-2 g dry weight of the anion per mg of protein to be fractionated. The protein 
recovered after elution with phosphate-buffered saline (pH 8, 0.0175 M), had the immmio- 
electrophoretic characteristics of IgG and was labeled with i2~I at the rate of 1 atom of iodine 
per molecule of protein by the iodine monochloride method of McFariane (16). NGGG was 
labeled in an identical fashion. These preparations are referred to as GARIG-i25I and NGGG- 
l~SI, respectively. 1 ml portions of each of the lymphoid cell suspensions (106 cells/ml) pre- 
pared from the various lymphoid organs or of a suspension of erythrocytes (106 cells/ml) were 
incubated with equivalent amounts of either GARIG-125I orNGGG925I for 2 or 24 hr at 37°C. 
The cell suspensions were then washed 5 times with 10 ml of medium each time. The washed 
ceils and the last washes were analyzed for their radioactive content using a Packard gamma 
counter. The results are presented as counts per minute per 106 cells and as specific activity, 
which is defined as the ratio of uptake of radioactivity by the lymphoid cells to that taken up 
by the red cells. 
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RESULTS 

I. Response of Rabbit Lymphocytes to P H A  and G A R I G . - -  
As can be seen in Table I, the time for optimal and maximum stimulation of 

rabbit spleen cells by both PHA and GARIG was 3 days in our test system. 
Cells incubated with NGGG for 3 days did not incorporate more tritiated thymi- 

TABLE II 
Incorporation of TrRiated Thymidine by Normal Rabbit Spleen Cells Cultured In Vitro for 3 

Days in Medium Containing Normal or Gamma Globulin Depleted Homologous Serum 

Stimulant used 

Incorporation of trifiated thymldin¢ by cells incubated 
in medium enriched with 

Normal rabbit  seru Gamma globulin"depleted 
rabbit serum 

cpm per culture* 

None 927 1218 
PHA 4257 4463 
GARIG 2368 5959 

* Each value represents the mean of triplicate determinations. 

TABLE HI 
The Effect of Varying the Incubation Time of Normal Rabbit Spleen Cells with PHA and GARIG 

on the Subsequent Incorporation of Tritiated Thymidine by the Cells Incubated in Culture 
for 3 Days 

Incorporation of 
Duration of incubation Duration of incubation in tritiated thymidine 

Stimulant added with stimulant absence of stimulant by the cells after 3 
days of culture 

cj~n per culture* 

None Nil 3.00 days 490 

PHA 1 hr 3.00 days 2725 
PHA 6 hr 2.75 days 3075 
PHA 3 days Nil 3150 

GARIG 1 hr 3.00 days 500 
GARIG 1 day 2.00 days 550 
GARIG 2 days 1.00 days 1374 
GARIG 3 days Nil 2430 

* Each value represents the mean of triplicate determinations. 

dine than did control cultures. The stimulation with GARIG was greater when 
the cells were cultured in medium fortified with NRS depleted of gamma globu- 
lin, as compared to medium containing whole NRS (Table IX). PHA and 
GARIG showed great differences with respect to the period of time necessary 
for incubation with the lymphocytes in order to get maximum stimulation. 
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Only 1 hr of incubation with PHA, followed by incubation for 3 days without 
PHA, was sufficient to permit optimal stimulation of the normal rabbit spleen 
cells (Table HI). Similar results were obtained with the lymphoid cells of the 
other organs tested. Such was not the case with GARIG, however. Incubation 
of the lymphocytes with GARIG for 1, 6, or 24 hr followed by incubation for 3, 
2.75, or 2 days without GARIG, respectively, resulted in no significant stimu- 

TABLE IV 

Proliferative Response of Normal Rabbit Lymphocytes to PHA and GARIG 

Cell 
Ceils of organ tested conc/ml 

(4 ml) 

Mean s l~e~ific Stimulant used activtty~ 

Control GAR.IG PHA GAKIG PHA 

cpm per cu/ture* 

Thymus 10 X 10 e 1,292 1,938 14,509 1.5 13.0 
Bone marrow 1 X 106 31,250 83,457 85,443 2.4 2.2 
Spleen 2 X 106 2,460 13,755 11,105 6.2 8.3 
Lymph nodes 2 X 10 e 693 6,838 5,981 9.5 7.3 
Sacculus rotundus 1 X 10 e 205 4,612 13,192 11.0 44.0 
Peripherallymphocytes 1 X 106 1,204 16,513 11,412 22.0 7.0 
Appendix 1 X 10 e 94 3,019 615 30.0 5.6 

* Based on a single experiment. Mean value of triplicate determinations. 
Ratio of thymidine uptake by stimulated culture to that taken up in control culture. 

Based on five different experiments. 

TABLE V 

The In Vitro Response to PHA and GARIG of Normal Rabbit Thymocytes Incubated at Differenl 
Cell Concentrations 

Cell conc/ml 
Uptake of tritlated thymidtne by the thymtm cells incubated in the presence of 

No stimulant added PHA GARIG 

cpm per culture* 

1 X 10 ¢ 323 188 267 
1 X 106 125 460 230 
1 X 106 752 1,463 765 

5 X 106 708 5,030 1,102 
5 X 106 530 6,482 531 

10 X 106 456 3,733 1,006 
10 X 106 530 15,251 364 
10 X 106 311 2,198 303 
10 X 106 1,292 14,509 1,938 
10 X 10 e 607 5,858 1,229 

* Each value represents the mean of triplicate determinations. 
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lation. Optimal stimulation with GARIG was observed only if the cells were 
incubated with this stimulant for the entire culture period (Table III). 

All the cells of the various lymphoid organs tested, except for the thy- 
mus, gave an optimal response to PHA when incubated in a concentra- 
tion of 1-2 X 10 e ceUs/ml (Table IV). The thymus cells reacted optimally to 
PHA at a cell concentration of 107 per ml (Table V). Although the thymus 
lymphocytes at times responded to PHA when cultured at a lower cell concen- 
tration (1-2 X 10 s cells/ml), their response to PHA could be markedly im- 
proved by increasing the cell concentration to 5-10 X 10 s cells/nil (Table V). 

The lymphoid cells of all the organs tested responded to both PHA and 
GARIG except the thymus cells which did not respond to GARIG or responded 
very inconsistently (Table IV and V). The response of the different lymphoid 

TABLE VI 
The Incorporation of Tritiated Thymidine by Normal Rabbit Spleen Cells Stimulated with PItA 

or GARIG after Prdncubation of the Cells for 1 Hr with GARIG and Complement 
(C), PHA and C, C, PHA or GARIG 

Cells preincubated for 
1 hr with 

Incorporation of tritiated thymidine by. the preincubated cells after 
incubation for 3 more days m the presence of 

Nil PHA GARIG 

cpm per cullure* 

Nil 336 3693 1458 
C 387 2941 1002 
PHA 2729 2892 5285 
PHA + C 2701 2403 4118 
GAR/G 458 4569 1245 
GARIG + C 334 4141 302 

* Each value represents the mean of triplicate determinations. 

cell suspensions varied markedly, however, being only marginal for the bone 
marrow cells, which displayed a specific activity of no more than 2 to 3 (Table 
IV). 

II .  The Effect of Preincubation of Rabbit Lymphoid Cells with GARIG and 
Complement or Pt tA  and Complement on the Subsequent Response to GARIG 
and P H A . - -  

As can be seen in Table VI, pretreatment of the spleen cells with PHA for 1 
hr followed by culture for 3 days in the absence of PHA still resulted in almost 
maximum blastogenesis as compared to cultures incubated in the presence of 
PHA for the entire 3 day period. Interestingly enough, the addition of GARIG 
to the cell suspension, which had been preincubated with PHA or PHA and C 
for only 1 hr, induced a further increase in the blastogenic response of these 
cells, as compared to cells incubated with either GARIG or PHA alone, indi- 
cating an additive effect. This effect of PHA and GARIG could be demon- 
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strated for the cells of all the lymphoid organs investigated, except for the 
thymus (Table VII). Preincubation of the cells with PHA and C did not alter 
the response of the cells as compared to cells pretreated with PHA only. Cells 
preincubated with C or GARIG for 1 hr subsequently behaved in the same 
manner as control cells (Table VI). On the other hand, pretreatment of the cells 
for 1 hr with GAKIG and C resulted in complete suppression of the ability of 
the cells to subsequently respond to GARIG. However, the response to PHA 

TABLE VII 

Proliferative Response of Normal Rabbit Lymphoid Cells to PHA and GARIG after 
Pretrea~ent for I Hr witk GARIG and Complement or PHA and Complement (C) 

Cells of organ tested Stimulant 
(4 nil) added 

Uptake of tritiated thymidine by the cells pretreated with 

Nfl PHA + GARIG + Nil PHA GARIG 
C C +C +C 

Appendix None 131 
1 X  10e/ml PHA 1,256 

GARIG 818 

Bone marrow None 7,826 
1 X  10S/ml PHA 23,764 

GARIG 16,446 

Lymph node None 323 
2 X 106/ml PHA 4,609 

GARIG 1,553 

Periperhal 
lymphocytes 

1 X 106/ml 

None 770 

PHA 3,500 
GARIG 2,590 

Spleen None 305 
2 X 106/ml PHA 5,593 

GARIG 6,502 

Sacculus rotundus None 238 
1 X 106/ml PHA 4,576 

GARIG 1,607 

Thymus None 170 
5 X 106/ml PHA 1,713 

GARIG 237 

cpm per cul~.rc* mean specific ac~idty$ 

943 153 8.0 1.2 
1,275 1,728 8.7 8.1 8.0 
1,627 201 7.8 12.0 1.1 

12,754 7,681 2.0 0.9 
15,767 17,731 2.4 2.2 2.2 
23,789 7,416 2.2 2.4 0.9 

2,506 729 10.0 1.2 
3,413 6,771 12.0 12.4 10.0 
5,220 751 8.0 16.0 1.2 

2,952 428 6.0 1.1 

3,433 2,508 6.0 8.1 6.3 
5,843 504 6.2 11.7 1.2 

4,055 444 10.0 1.1 
4,858 6,053 12.0 12.5 15.0 
9,099 569 9.1 19.0 1.1 

2,686 211 17.0 0.9 
3,761 3,272 20.0 17.7 15.0 
4,022 312 7.1 22.0 1.8 

1,118 215 10.0 1.0 
1,384 1,757 10.0 8.7 11.0 
1,048 260 1.2 9.0 1.2 

* Each value represents the mean of triplicate determinations. Values are representative 
of a single experiment. 

Ratio of thymidine uptake by stimulated culture to that taken up by control culture. 
Values based on five different experiments. 
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was, if anything,  enhanced (Table VI). This  effect of preincubation of lymphoid 
cells with G A R I G  and C was consistently found for cells of all the lymphoid 
organs evaluated (Table VII) .  

I l L  Response of Rabbit Lymphocytes to Mitomycin-C-Treated Allogeneic and 
Xenogeneic Cel ls . -  

The response of rabbi t  lymphoid cells s t imulated with mitomycin C-treated 

TABLE ~ H  
R ~ p ~ s e ~ R ~ L y m p k o c ~ X ~ e n e i c a ~ A U o g ~ M i t o m y c i n ~ e d - L ~ k ~ y t ~  

Cells of organ tested Cellc~c/ml Stimulant used Mean specific activity* 
(4 ml) Control Hm~ Rm§ Hm Rm 

¢pm per cultured 

Appendix 1 X 106 104 3232 642 22.0 4.5 
Bone marrow 1 X 106 3100 7286 1638 3.0 1.2 
Sacculus rotundns 1 X 106 160 6171 1817 11.0 6.0 
Peripheral lymphocytes 1 X 106 212 1015 1700 4.3 3.9 
Lymph nodes 1 X 106 82 1426 7145 18.0 40.0 
Spleen 1 X 106 773 2178 1647 5.7 1.6 
Thymus 1 X 106 20 271 51 10.8 2.6 
Thymus 5 X 106 33 917 57 26.6 2.5 

* Ratio of thymidine uptake by stimulated culture to that taken up in control culture. 
Based on five different experiments. 

Hm, Mitomyciu-treated human peripheral leukocytes. 
§ Rm, Mitomycin-treated rabbit peripheral lenkocytes. 
II Based on a single experiment. Mean value of triplicate determinations. 

TABLE IX 
Uptake of Radioactivity by Normal Rabbit Red Blood Cells and Lymphoid Cells after 

Incubation for 2 Hr with NGGG-196I 

Cells of organ incubated Uptake of radioactivity by Specific activity* the incubated cells 

c~ra per 106 cdls~ 
Appendix 2852 1.1 
Bone marrow 5371 2.1 
Lymph node 2706 1.1 
Peripheral lymphocytes 6023 2.4 
Spleen 6550 2.7 
Sacculus rottmdus 2635 1.1 
Thymus 2271 0.9 

Red blood cells 2520 

* The specific activity is defined as the ratio of the uptake of NGGGAZBI by the lymphoid 
cell suspension to that taken up by the red blood ceils. 

~t Each value represents the mean of triplicate determinations. 
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allogeneic and xenogeneic cells was optimum at day 5, although at times a 
slightly greater response in terms of absolute counts could be obtained at day 7. 
All cultures were therefore terminated on day 5. 

All the rabbit lymphoid ceils responded to the xenogeneic stimulus (human 
peripheral lymphocytes inactivated with mitomycin C) (Table VIII). How- 
ever, the response was generally diminished when ailogeneic ceils (mitomycin 
C-treated rabbit peripheral leukocytes or spleen cells) were used as stimulant. 
The rabbit bone marrow and spleen cells responded only slightly (Table VIII). 
The response of thymus lymphocytes was comparable with that of the other 
lymphoid cells. 

TABLE X 
Uptake of Rad, ioacti~ity by Normal Rabbit Red Blood Cells and Lymphoid Cells after 

Incubation for 2 Hr wltk GARIG* lssI 

Uptake of radioactivity by Specific activity* Cells of organ incubated the incubated cells 

cpm per 106 cdl~ 

Appendix 12,446 4.9 
Bone marrow 13,350 5.3 
Lymph node 18,710 7.3 
Peripheral lymphocytes 14,500 5.9 
Spleen 35,053 13.7 
Saeculus rotundus 10,844 4.2 
Thymus 3,662 1.4 

Red blood cells 2,550 

* The specific activity is defined as the ratio of the uptake of GARIGA2SI by the lymphoid 
cell suspension to that taken up by the red blood ceils. 

Each value represents the mean of triplicate determinations. 

IV .  Uptake of GARIG-I~I and NGGG-I~I by Normal Rabbit Lymphoid 
Cells . -  

As can be seen in Table IX, the uptake of radioactivity by the different 
lymphoid cell populations incubated with equivalent mounts  of NGGG-I~I 
was about the same for all the organs studied and was not much greater than 
that taken up by the erythrocytes. On the other hand, the uptake of GARIG- 
1~I by the lymphoid cells was much greater, with the sole exception of the 
thymus cells which adsorbed a lesser amount of radioactivity equal to that 
taken up by the rabbit erythrocytes (Table X). 

The amount of radioactivity taken up by the cell suspensions incubated for 
2 hr with the labeled protein solutions was the same as that taken up after in- 
cubation of the cells for 24 hr. 
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DISCUSSION 

The results presented in this investigation lend strong support to the thesis 
that lymphoid cells intrinsic to the anatomically-segregated lymphoid organs 
vary greatly in their immunological functions, although they are similar, if not 
identical, in their gross morphological characteristics. Four criteria were 
utilized to differentiate the lymphoid cells, on a functional basis, in the normal 
rabbit. These are: (a) the response to stimulation with phytohemagglutinin 
(PHA) in vitro; (b) the response to stimulation with goat antiserum directed to 
rabbit immunoglobulins (GARIG); (c) the response to stimulation with allo- 
geneic and xenogeneic cells; and (d) the uptake of GARIG-125I by the different 
cell suspensions. 

The initial series of experiments were carried out in order to establish the 
optimal conditions for the stimulation of the lymphoid cells by PHA or GARIG 
in vitro. I t  was observed that the optimal period of incubation was 3 days with 
respect to both stimulants (Table I) and that the response to GARIG was 
facilitated if the cells were cultured in medium fortified with gamma globulin- 
depleted NRS rather than whole NRS (Table II). I t  has been demonstrated (17, 
18) that normal lymphocytes can be stimulated by antigen-antibody complexes 
to undergo blastogenesis and mitosis. The incubation of the cells in agamma- 
globulinemic serum obviates the stimulation of the normal lymphocytes by 
antibody-antigen complexes which would normally be formed by the interac- 
tion of normal rabbit gamma giobtdln in the medium with antibody directed to 
it in GARIG. Therefore, in all the subsequent experiments, the cells were incu- 
bated in Medium 199 containing 20% gamma globulin-depleted NRS for a 
period of 3 days. Furthermore, it was found that incubation of the cells with 
PHA for only 1 hr, followed by incubation for 3 days in the absence of PHA, 
permitted for almost maximum stimulation of the cells, a finding made previ- 
ously with human cells (19). On the other hand, preincubation of the cells with 
GARIG for only 1 hr or 1 day followed by incubation of the cells for 3 or 2 
days, respectively, in the absence of GARIG, did not result in a response 
greater than that obtained with the control cultures. In order to obtain a maxi- 
mum response with GARIG, the cells had to be incubated with the stimulant 
for the entire duration of culture (Table III). The cell concentration varied 
from 1 to 2 million/ml, a cell concentration which has been found to permit 
blastogenesis (unpublished results). 

The main findings can be presented as follows: 
1. The lymphoid cells of all the lymphoid organs tested responded to PHA 

and GARIG, to varying degrees, except for the thymus ceils which failed to 
respond to GARIG, even when tested in cell concentrations varying from 1 to 
10 million/ml of culture fluid. It is interesting to note that PHA at times failed 
to stimulate the thymic cells when the latter were incubated in a cell concen- 
tration of only 1 million cells/ml; however, the response to PHA by these cells 
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incubated in a higher cell concentration was marked and in the range of the re- 
sponses observed with the cells of the other lymphoid organs. Results of a 
similar nature, with regard to the relationship of thymic cell concentration and 
the response to PHA, have been observed previously by Knight et ah (20) and 
Clam_an and Brunstetter (21). 

2. An additive effect was observed when GARIG was added to lymphoid 
ceils which had been preincubated with PHA for 1 hr. The latter incubation 
was shown to be sufficient in most instances to result in optimal stimulation of 
the cells. The subsequent addition of GARIG to the cells for the duration of 
culture induced a proliferative effect significantly greater than that induced by 
either PHA or GARIG alone. 

3. Preincubation of the ceils with GARIG for 1 hr did not inhibit the subse- 
quent blastogenic effect of GARIG or PHA on the cells. 

4. Preincubation of the lymphocytes with GARIG and complement selec- 
tively impaired the capacity of the cells to respond to GARIG but left intact 
their proliferative responsiveness to stimulation with PHA. On the other hand, 
preincubation of the cells with PHA and complement or complement alone did 
not affect the capacity of the cells to respond to stimulation with either PHA 
or GARIG. These findings suggest that incubation of the cells with GARIG 
and complement results in immune lysis of a select population of cells, those 
capable of reacting with the antirabbit immunoglobulin antibodies of GARIG. 
This complete suppression of responsiveness to GARIG was evident, although 
only 8-10% of the cells had been killed by the treatment with GARIG and 
complement, utilizing the dye exclusion test. 

Since normal goat serum or gamma globulin does not exhibit blastogenic ac- 
tivity, the stimulus provided by GARIG can only be attributed to its property 
as an antiserum directed to rabbit immunoglobulins. I t  may therefore be pre- 
sumed that the blastogenic response to GARIG is dependent on the reaction 
of antibodies in the antiserum with immunoglobulin receptor sites on the sur- 
face of the normal rabbit lymphoid cell. Various investigations have, in fact, 
disclosed the presence of such receptors on the surface of the immune lymphoid 
cell. Merler and Janeway (22) eluted immunoglobulin-like proteins from im- 
mune human tonsillar lymphocytes which possessed antibody-like activity 
toward the antigen to which the donor had been originally immunized. Paul 
et al. (23) found that the ability of an antigen to stimulate immune guinea pig 
lymphoid cells to undergo specific blastogenesis in vitro is directly related to its 
ability to bind to the lymphoid cells, thus implying that interaction between 
the antigen and a specific site (immunoglobulin?) on the immune lymphocyte 
surface is a prerequisite for the ensuing blastogenic response. McConnell et al. 
(24) and Mitchison (25) have both presented evidence favoring the immuno- 
globulin nature of the recognition site. McConnell et al. (24) observed that 
rosette formation by immune mouse lymph node cells in the presence of the 
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specific antigen could be inhibited by prior treatment of these cells with anti- 
serum directed to the heavy chains of mouse immunoglobulins, suggesting that 
immunoglobnlins possessing antibody activity reside on the lymphocyte sur- 
face. Similarly, Mitchison (25) showed that antibody to a mouse immunoglobu- 
lin myeloma protein or to the Fab fragment of the norma mouse gamma 
globlllin could inhibit the synthesis of specific antibody by immune cells exposed 
to the specific immunizing antigen in vitro. The results of these two latter 
studies suggest that the anti-immunoglobulin antibody and the specific antigen 
react with the same site or receptor on the lymphocyte which in all proba- 
bility is an immunoglobulin. Singhal and Richter (12) and Singhal and Wigzell 
(26) have demonstrated that normal rabbit bone marrow lymphocytes are 
capable of reacting with blastogenesis and mitosis upon incubation with a 
variety of antigens in vitro. These lymphocytes must be considered to be virgin 
cells in that they had not previously been exposed to these antigens. Since 
normal rabbit bone marrow contains antigen-reactive cells only and no anti- 
body-forming cells (27), it must be assumed that the antigen-reactive lymphoid 
cell possesses specific recognition sites as well, capable of interacting with the 
antigen, 

The findings of Sell and Gell lend further support for the existence of an 
immunoglobulin recognition site on the normal rabbit lymphocyte. They 
demonstrated that homologous rabbit anti-allotype serum (28, 29) and heter- 
ologous anti-immunoglobnlln antiserum (29) could stimulate normal rabbit 
lymphocytes to undergo blastogenesis and mitosis. The observation by Sell 
(30) that the univalent Fab fragment of the anti-immunoglobulin molecule 
could stimulate rabbit lymphocytes to transform indicates that only interaction 
of sites with a complimentary configuration is required to trigger this in vitro 
cell response. It  has since been osbserved that heterologous anti-immuno- 
globulin antisera can induce blastogenesis of lymphocytes of a number of other 
animal species--guinea pigs (31), chickens (32), mice (33), and man (34-36). It  
has also been demonstrated that antilymphocyte serum (ALS) can induce 
blastogenesis of human (37-40) rabbit (41), and guinea pig (31) lymphocytes. 
Since the blastogenic activity of the antiimmunoglobulin antiserum can be 
suppressed after absorption of the antiserum with IgG (42) whereas the blasto- 
genic activity of the ALS is not diminished after absorption with serum pro- 
teins (31) but can be depressed after absorption with lymph node cells (31), it 
may be concluded that the site on the surface of the lymphocyte to which the 
blastogenic factor in the ALS is directed is not an immunoglobulin related anti- 
genlcally to the circulating immunoglobulins but is rather a membrane com- 
ponent. Recent studies suggest that PHA may interact with the same site(s) 
on the lymphocyte to which ALS is directed (43, 44). Preincubation of lymphoid 
cells with a subthreshold (nonmitogenic) dose of ALS could block stimulation 
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of these cells by PHA (43, 44). The cells were not inactivated by the preincuba- 
tlon, since addition of a threshold dose of ALS could successfully stimulate the 
cells (44). We were unable to demonstrate a similar inhibitory effect by pre- 
incubation of the cells with GARIG. I t  is probable, therefore, that ALS and 
PHA interact with sites which are identical but different from the immuno- 
globulin-like receptors to which GARIG (normal lymphocytes) and antigens 
(precomrnhted and immune lymphocytes) are directed. 

FIG. 3. The existence of a single or two popuIations of lymphocytes reactive toward PHA 
and GARIG. A diagramatic representation. 

In a previous study from this laboratory (36), it was demonstrated that 
peripheral lymphocytes obtained from patients with agammaglobulinemia could 
be stimulated to undergo blastogenesis upon stimulation with PHA but not 
with anti-human immunoglobulin antiserum whereas peripheral lymphocytes 
of normal individuals could respond to stimulation by both these agents. This 
dissociation of responsiveness of human lymphocytes to PttA and anti-im- 
munoglobulin serum in the cases of agarnrnaglobulinemia and the findings with 
rabbit cells described above imply either that: (a) there normally exist two 
populations of lymphocytes, one capable of responding to PHA and the other to 
anti-immunoglobulin antiserum, with the latter population of cells absent in 
the case of agammaglobulinemia (Fig. 3); or (b) that the capacity to respond to 
these two mitogenic agents is normally inherent in the same lymphocyte, but 
that in the case of a particular disease, such as agamrnaglobulinemia, the 
ability of the cell to respond to anti-~rnrnunoglobulin antiserum is lost. The 
findings presented in this investigation lend strong support to the former inter- 
pretation, since the response of the population of normal rabbit lymphoid cells 
to PHA was not diminished if the cells capable of responding to anti-immuno- 
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globulin antiserum (GARIG) were initially inactivated by pretreatment of the 
cells with GARIG and guinea pig complement. These findings facilitate an 
understanding of the mode of action of PHA and anti-hnmunoglobulin antisera. 
Unlike PHA, which appears to stimulate the majority of the lymphocytes (45), 
anti-immunoglobulin antiserum would stimulate only those cells carrying 
specific sites, i.e., immunoglobulins, capable of interacting with the anti- 
immunoglobulin antibodies. 

A point that requires further clarification is the failure of the normal rabbit 
thymus ceils to respond to GARIG under conditions where the response to 
PHA is optimal. This finding suggests that thymocytes lack the specific im- 
munoglobnlin receptor(s) possessed by lymphoid cells of the other lymphoid 
organs. The low uptake of radioactively-labeled GARIG by the thymocytes~ 
compared to the uptake by the other lymphoid cells, provides further support in 
favor of the absence of immunoglobulins on the thymocyte surface. 

The failure of normal rabbit s or mouse (46-48) thymus cells to confer the 
capacity to form antibodies upon transfer to irradiated recipient animals indi- 
cates that the thymus is not immunocompetent at the humoral level. On the 
other hand, thymocytes are capable of responding to stimulation by xenogeneic 
mitomycin-inactivated lymphocytes (the one-way stimulation test). In fact, 
the thymocytes responded as well, and at times better, than ceils of the other 
lymphoid organs to the xenogeneic stimulus. Previous studies have shown that 
lymphoid cells of various organs of a number of animal species could respond 
with blastogenesis and DNA synthesis when stimulated in vitro with allogeneic 
(49-52) and xenogeneic (53) cells. However, in contrast to the easily demon- 
strable response of human lymphoid cells in mixed leukocyte cultures (50), 
rabbit lymphocytes are not as easily stimulated by homologous cells (54), a 
finding confirmed in our present experiments. In all cases, the stimulus pro- 
vided by the xenogeneic cells was consistently found to be superior, even with 
respect to lymphoid cells which hardly responded in the presence of the allo- 
geneic stimulus. The response of the lymphocytes in the mixed cell culture has 
definite immunologic characteristics. It cannot be induced by incubation of 
lymphocytes from identical monozygotic twins (50, 55) or syngeneic animals 
(56), nor by the incubation of lymphocytes from genetically dissimilar donors 
when one of the donors had been made tolerant to the cells of the other donor 
(57). Furthermore, in mixed leukocyte cultures consisting of leukocytes of 
parental and F1 hybrid origin, all the dividing cells are of parental origin (57). 
The fact that rabbit thymus cells can react in the one-way stimulation test and 
can mediate the graft-versus-host reaction (58-62) indicates that thymocytes 
are capable of specific cellular immune manifestations. 

Abdou N. I., and M. Richter. Unpublished results. 
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On the assumption, as is generally accepted, that the mixed leukocyte re- 
sponse is representative of cellular immunity, the findings would support the 
currently accepted view that the cells mediating cellular immunity are thymic 
or thymus-derived and that their response to PHA is indicative of this immuno- 
logic function. It  has been reported that the response of lymphocytes of neo- 
natally thymectomized mice (63), rats (64), and chickens (65) to stimulation 
with PHA or mitomycin C-treated aUogeneic cells is markedly reduced. Fur- 
thermore, it has been demonstrated that lymphocytes obtained from thymec- 
tomized rats are incapable of responding to stimulation with allogeneic lympho- 
cytes in the mixed leukocyte system (57). On the other hand, spleen cells of 
hypogammaglobulinemic bursectomized chickens failed to respond to anti- 
immunoglobulin antiserum (42), although the response to PHA was normal 
(42, 64, 65). Since immunocompetent cells capable of mediating humoral im- 
munity are considered to be bursal-derived or -dependent, whereas cells which 
mediate cellular immunity are considered to be thymic-derived or -dependent, 
it would appear that responsiveness to PHA and/or allogeneic and xenogeneic 
cell stimuli may indeed provide a means of identifying those ceils capable of 
mediating thymus-dependent cellular immunity. The presence of immuno- 
globulin sites on the surface of the cell, permitting it to respond to stimulation 
with GARIG, may therefore serve as a means of detecting and identifying cells 
capable of mediating humoral immunity. 

These experiments present further evidence in favor of the division of the 
immune system into separate humoral and cellular branches. The recognition 
of the antigen by cells mediating the humoral immune response (antigen- 
reactive and/or antibody-forming cells) would appear to require an immuno- 
globulin receptor site on the surface, capable of interacting with the antigen. 
Such a receptor appears not to exist on cells capable of mediating specific 
cellular immunity. The mechanism whereby these latter cells recognize antigen 
and interact with it remains to be determined. 

SUMMARY 

Cells of the different lymphoid organs in the normal adult rabbit were in- 
vestigated for their capacity to respond in vitro to a number of stimuli, such as 
phytohemagglutinin (PHA), anti-rabbit immunoglobulln antiserum (GARIG) 
and allogeneic and xenogeneic lymphoid cells, and for their capacity to adsorb 
radioactively-labeled anti-immunoglobuiin antiserum. The bone marrow cells 
responded minimally to PHA, GARIG, and the allogeneic and xenogeneic 
stimuli. The thymus cells were unable to respond to stimulation with GARIG 
although they responded to the other stimuli. The cells of the other lymphoid 
organs tested responded to all the mitogenic agents, to varying degrees. 
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On the basis of the results presented and the findings of other investigators, 
it is concluded that: 

1. The response of the cells to GARIG indicates a potential capacity to 
mediate humoral immunity and requires the presence of immunoglobulin or 
immunoglobulin-like recognition sites on the cell surface. 

2. The response of the cells to PHA and allogeneic and xenogeneic cells indi- 
cates a potential capacity to mediate cellular immunity and does not necessitate 
the presence of immunoglobulin-recognJtion sites on the cell surface. 

3. The thymus in the normal adult rabbit consists of cells capable of mediat- 
ing celMar immunity only. 

4. The other lymphoid organs appear to possess cells capable of mediating 
humoral and cellular immunity. 
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