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The immune response of dissociated murine spleen cells in vitro is a useful tool in 
the characterization of cellular events leading to antibody formation (1). A number of 
investigators have shown that antisera to immunoglobulins (Ig) interfere with the 
immune response of mouse spleen cells to sheep erythrocytes (SE) 1 in vitro (2-6). 
Since the antibody had to be left with the cells throughout the culture period, it was 
difficult to determine which cell type was affected by the anti-Ig. I t  would seem likely 
that the bone marrow-derived or B cells, having many Ig molecules on their surface 
(7-10), would be most readily affected by the anti-Ig. In  fact, Takahashi et al. (11) 
have found that a large percentage of lymphoid cells in the murine spleen and lymph 
nodes, presumably B cells, can be killed by exposure to anti-Ig in the presence of 
complement. There is, in addition, some suggestive evidence regarding the presence of 
Ig molecules on the surface of thymus-derived or T cells (8, 12, 13). I t  is therefore of 
interest to study the functional activity of anti-Ig-incubated T and B cells separately. 

Cell transfer studies in these and other laboratories have presented evidence for im- 
munological memory in both T and B cells (14-16). I t  has since then been'found that 
incubation with anti-Ig and complement is more effective in reducing the subsequent 
immune responsiveness of sensitized spleen cells in vitro than the one seen upon 
transfer to syngeneic recipients. Therefore, the effectiveness of anti-Ig-treated cell 
populations in restoring anti-0-treated cells could be studied more readily by in vitro 
methods. 

The present studies demonstrate that, indeed, anti-Ig-treated immune T cells 
complement anti-0-treated immune B cells in vitro. They establish the specific- 
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i t y  of " m e m o r y  T cel ls"  a n d  p r o v i d e  i n f o r m a t i o n  on  t he  d e v e l o p m e n t  of t he se  

cells w i t h  t i m e  a f t e r  i m m u n i z a t i o n .  

Materials and Methods 

Mice.--Male BALB/c mice 3-6 months old were obtained from Cumberland View Farms, 
Clinton, Tenn. Immunization was by intravenous injection of 107 or 106 SE, or 2.5 X 107 
killed Brucella abortus 2 organisms (BA), or 1.0 rag of human gamma globulin (HGG).a Spleens 
were removed for tissue culture 3-14 days after immunization. All suspensions for tissue culture 
were prepared from pools of two to six mice. 

Antisera Preparations.--Alloantiserum detecting 0-C3H was prepared in (AKR/H-2 b X 
A/O-AKR)F1 against A-strain leukemia ASLI according to methods previously described 
(17). Another anti-0-C3H serum was prepared by immunization of AKR mice (Jackson 
Laboratory, Bar Harbor, Maine) with C3H thymus ceils. Both antisera were cytotoxic for 
>90% of thymus cells at dilutions of 1:5000. Anti-immunoglobulin (Ig) serum with speci- 
ficity for both H and L chains was prepared by immunizing rabbits with mouse Ig according 
to methods described by Potter (18). Reactivity of the anti-Ig with L chains was determined 
by double diffusion in agar, employing mouse L chains kindly donated by Dr. K. R. Mclntire 
(National Cancer Institute, Bethesda, Md.). Normal rabbit serum (NRS) and anti-Ig sera 
were absorbed extensively with BALB/c thymocytes in order to remove natural cytotoxic 
antibody against mouse cells (11). 

Treatment of Spleen Cell Suspensions.--Spleen cells were obtained by gentle teasing into 
Hanks' balanced salt solution (HBSS). All cells were washed twice and then treated with anti- 
sera as follows. 3.0 ml of immune spleen cells at a concentration of 107 cells/ml in medium 199 
(M199, Microbiological Associates, Inc., Bethesda, Md.) were added to a test tube containing 
equal volumes of appropriate dilutions of complement (C') and of control serum or anti- 
serum. Dilutions (prepared in M199) for the reagents were: rabbit C', ~ 5  (RC'); guinea pig 
C' 1/4 (GPC'); mouse sera, 1/~2 (NMS, anti49) unless indicated otherwise; rabbit sera, ~ 5  
(NRS or anfi-Ig). Mouse antisera were used in combination with RC' and rabbit antisera 
with GPC'. The sera used for C' activity were previously screened for lack of natural hetero- 
antibody to mouse thymus cells. 

Cells were incubated for 45 rain at  37°C with intermittent gentle mixing, washed twice, 
resuspended in KPMI 1640 + 10% fetal calf serum (Associated Biomedic Systems, Buffalo, 
N.Y.), and the contents of each tube were divided over two or three culture dishes. In re- 
constitution experiments, normal or untreated immune spleen cells were added to the dishes 
together with the preincubated cells. Cells were cultured according to the method of Mishell 
and Dutton (1) in the presence of 107 SE. 

Assay for Plaque-Forming Cells (PFC).~f ter  3-4 days of culture, cells were collected 
and washed once in HBSS. The number of direct PFC was determined by the method of 
Jerne et al. (19) and expressed as PFC per dish. 

RESULTS 

Secondary Responses of Different Numbers of Immune  Spleen Cells In  Vitro 

I n  e x p e r i m e n t s  a i m e d  a t  showing  a specific effect  of r e m o v i n g  def ined p o p u l a -  

t ions  of cells f r o m  cell mix tu res ,  i t  is of i m p o r t a n c e  to e s t ab l i sh  the  in f luence  of 

2 The Brucella abortus test antigen was kindly donated by Dr. C. B. Watson from the U.S. 
Department of Agriculture. 

Human gamma globulin was generously provided by the American Red Cross. 
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total cell numbers on the degree of responsiveness. Therefore, experiments were 
performed with graded numbers of immune spleen cells per dish. I t  was found 
that  l0 T immune spleen cells performed equally as well as 2 X l0 T, and fre- 
quently even slightly better. Lowering the cell numbers to 5 X 106 
rarely lowered the PFC response as can be seen in Table I. Further diminution 
of cell numbers invariably reduced the response significantly and at cell numbers 
less than 106 per dish very few, if any, PFC were obtained. Other results indi- 
cated that  addition of 5 X 106 or l0 T normal spleen cells to 1.5 X 106 or more 
immune spleen cells always reduced the response of such immune spleen cells. 
Addition of normal spleen cells to 5 X 105 immune spleen cells either did not 
affect or very slightly increased the response of such cells alone. With the 
RPMI-1640 medium and culture conditions employed in the present experi- 

TABLE I 

The Secondary Response to SE In Vitro by Various Concentrations of Mouse Spleen Cells 

No. of PFC per dish* 
No. of cells per 

dish (X 10 6) Experiment 1 Experiment 2 Experiment 3 Experiment 4 Experiment 5 
(day 4)~ (day 4) (day 6) (day 7) (day 7) 

10 21,400 45,000 6780 26,000 22,000 
5 31,500 44,000 6240 18,000 23,200 
2.5 5800 11,600 2840 7400 13,000 
1.5 700 1400 6900 4000 
0.5 0 170 0 0 

* No. of PFC were determined on day  3 (experiments 2 and 3) or 4 after ini t iat ion of 

culture. 
:~ Day  after intravenous injection of 10 7 SE a t  which spleen cells were taken for culture.  

ments normal spleen cells at levels of 5 X 106 or 107 per dish gave either very low 
(<500 PFC) or no primary response to SE in vitro. 

Reconstitution of Secondary Response after Depletion of O-Bearing Cells.- 
Incubation with RC'  and anti-0 at a final dilution of 1/36 reduced the respon- 
siveness of immune spleen cells to 1-6 % (Table II ,  experiments 6, 8, and 9). 
Higher dilutions of the anti-0 (to 1/75) still reduced the response to approxi- 
mately 20% of control values. Addition of twice the number of anti-0-treated 
cells per dish gave no higher response. Addition of 5-10 X 106 normal spleen 
cells gave slight reconstitution in experiment 6, and none in experiments 7-9. 
Similar numbers of normal thymus cells or 2.5 X 106 normal lymph node cells 
also failed to reconstitute (not in tables). This result confirms previous observa- 
tions with transferred immune spleen cells and suggests the presence of immuno- 
logical memory in T cells (14, 15). 

As few as 0.5 X 106 untreated immune spleen cells gave a significant degree of 
reconstitution of responsiveness to the anti-0-treated cells of the same spleen, 
while addition of 1.5 X 106 cells gave complete reconstitution in three of four ex- 
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periments (Table II) .  I t  should be noted that  0.5-1.5 X 106 immune spleen cells 

alone or combined with normal spleen cells gave much lower responses. The 
values of those responses were always subtracted from the reconstituted values 
given in Tables I I  and I I I ,  and were usually much lower than the numbers of 

PFC  obtained from the cell combinations ( <  5 %). 
I t  appeared of interest to determine whether the abili ty to reconstitute the 

T cell memory to SE would be present at early time intervals after immuniza- 

tion. Since it had been suggested that  T cells require relatively low doses of 
antigen for activation (20), a low prhnary dose of 106 SE was chosen and the 

TABLE II 

Comparison of the Abilities of Normal and Immune Spleen Calls* to Reconst#ute the Secondary 
Response of A nti-O-Treated Spleen Calls 

No. of PFC per dish 

Preincubated~ cells Spleen* cells added 

None 
None 
Normal, 10 X 10 n 
Normal, 5 X l0 ~ 
Immune, 1.5 X 10 ~ 
Immune, 0.5 X 10 ~ 

Experi- 
ment  6 

18,000 
900 

2600 
3200 

21,400§ 

Experi 
ment 7 

5270 
1550 
1260 
630 

5400 

NMS q- C' 
Anti~ n t- C ~ 
Anti-0 -I- C ~ 
Anti-0 -t- C ~ 
Anti-0 + C / 
Anti-0 -I- C ~ 

Experi- 
ment 8 

18,500 
160 
120 

6600 
140 

Experi- 
ment 9 

33,000 
970 
920 

1260 
J1 

6910 

Experi- 
ment 10 

28,000 
6600 

24,300 
19,500 

* Spleen cells were taken on day 4 (experiment 9), 7 (experiments 6 and 8), or 10 (experi- 
ment 7) after intravenous injection of l0 T SE. 

Immune spleen ceils were incubated with anti-0 + rabbit C / for 45 rain at 37°C. 
§ Numbers of PFC obtained from the combination of cells after subtraction of numbers 

of PFC given by reconstituting cells alone. Subtracted values were as follows: experiment 6 
(4000), experiment 7 (0), experiment 8 (1600 and 0), experiment 9 (1540), experiment 10 
(6900 and 90). 

]] Background by 1.5 X 106 cells alone as high as reconstituted value of 14,000. 

spleen ceils taken 3-4 days afterwards. I t  was found, as seen in Table I I I ,  that  
0.5 X 106 of these cells gave a significant degree of reconstitution. Comparison 
between Tables I I  and I I I  shows that  addition of 1.5 X 106 cells of the 3 4-day 

immune spleen cells to the anti-0-treated cells resulted in complete reconstitu- 
tion similar to that  obtained with immune spleen cells taken on day 7 after SE 
injection. I n  contrast, spleen cells taken on day 14 after SE injection did not  
reconstitute nearly as efficiently as did the ceils taken early after immunizat ion 
although they were still much more effective than normal spleen cells. Fur ther  
studies are in progress to follow the appearance and persistence of these memory 
T cells upon immunizat ion with various antigen doses. 

The specificity of this phenomenon was also investigated. The results in 
Table I I I  suggest that 2.5 X 10 ~ B. abortus or H G G  immune spleen cells, taken 



j .  j .  I~OND, T. TAKAHASHI, AND G. J. THORBECKE 667 

4 days  a f te r  i n t r a v e n o u s  immuniza t ion ,  are no t  effect ive  in r econs t i t u t ing  the  

the  response of the  an t i -0- t rea ted  cells to SE.  O t h e r  resul ts  f rom this  l a b o r a t o r y  

however ,  suggest  t h a t  h igher  number s  of cells i m m u n i z e d  to o ther  an t igens  m a y  

unde r  cer ta in  condi t ions  be  s ignif icant ly  more  effect ive t h a n  normal  spleen cells 

in r econs t i tu t ing  the  response of an t i -0 - t rea ted  S E - i m m u n e  spleen cells to SE.* 

Reconstitution of Secondary Response after Depletion of Ig-Bearing C e l l s . -  
Kil l ing  of Ig -bea r ing  cells wi th  an t i - Ig  and G P C '  also resul ted  in decreased 

TABLE III  

Relative Abilities of Spleen Cells Immune to SE or Other Antigens to Reconstitute the Secondary 
Response of A nti-O-Treated Spleen Cells 

Preincubated* 
immune spleen 

cells 

NMS d- C ~ 
Anti-0 d- C p 
Anti-0 + C p 
Anti-0 -I- C ~ 
Anti-0 -4- C ~ 
Anti-0 -4- C' 
Anti~ + C ~ 
Anti-0 + C' 

Cells,.*. added 

None 
None 
Days 3 4 immune 0.5 )< 106 
Days 3 4 immune 1.5 X 106 
Day 14 immune 0.5 N 106 
Day 14 immune 1.5 X 106 
Day 4 BA immune 2.5 N 106 
Day 4 HGG immune 2.5 X 10 ~ 

No. of PFC per dish 

Experi- 
ment 5 

23,20( 
320C 
960C 

21,60C 

706C 
200C 

Experi- 
ment 8 

18,500 
160 

4800 
480O 

40 
260 

Experi- 
ment 10 

28,000 
6600 

20,000 
24,300 

5200 

Experi- 
ment l l  

5400 
100 

1700 
3100 
420 

2200 

* Immune spleen cells, taken 7-10 days after intravenous injection of 107 SE, were pre- 
incubated with NMS or anti-0 and rabbit C ~ for 45 rain at 37°C. 

:~ "Days 3 4  immune" spleen cells were taken 3 (in experiments 8 and 11) or 4 days (ex- 
periments 5 and 10) after intravenous injection of 106 SE. "Day 14 immune" spleen cells 
were taken 14 days after intravenous injection of 107 SE. "BA immune" and "HGG immune" 
spleen cells were taken 4 days after intravenous injection of 2.5 X l0 T killed B. abortus or- 
ganisms, or 1.0 mg human 3,-globulin, respectively. 

§ Numbers of PFC obtained by combinations of cells after subtraction of numbers of 
PFC formed by reconstituting cells alone. Subtracted values were 20% (experiment 5) and 
<5% (experiments 8, 10, and 11) of the reconstituted values. 

responsiveness,  l eav ing  7 - 4 0 %  (average  29% for e ight  exper iments)  of the  

response seen in control  dishes (Tables  IV  and V). I n  order  to show t h a t  the  

lower response was no t  due  to decreased number s  of v iable  cells in cu l ture  

( app rox ima te ly  0.8 X 107 cel ls /dish) ,  add i t iona l  dishes were  inc luded  which 

received twice as m a n y  an t i - Ig - t r ea t ed  cells. T h e  response in such dishes was 

even less t han  wi th  the  lower cell number .  
A t t e m p t s  to r econs t i tu te  this dep le ted  response wi th  5 -10  X 106 normal  

4 Mond, J. J., T. Takahashi, and G. J. Thorbecke. 1972. T cell activation by heterologous 
antigens as a replacement of specific immune T cells in the transfer of the secondary response 
to sheep erythrocytes. J. Exp. Mecl. 136:715. 
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spleen cells failed.  Th is  was also observed  when  an t i - Ig - t r ea t ed  i m m u n e  spleen 

cells were  t ransfer red  to syngeneic  mice (15), and was in t e rp re t ed  as showing 

immunolog ica l  m e m o r y  in Ig -bea r ing  cells. 

Complemen tatio n of A nti-O- Treated with A n ti-I g- Treated Immune Spleen Ce l l s . -  

T a b l e  V and Fig.  1 show clearly t h a t  v i r t ua l l y  comple te  r econs t i tu t ion  of the  

TABLE IV 

Inability of Normal Spleen Cells to Reconstitute the Secondary Response of Anti-Ig-Treated 
Immune* Spleen Cells In Vitro 

No. of normal 
Preincubated cells* spleen cells added 

No. of PFC per dish 

Experiment 6 Experiment 12 Experiment 13 

N R S +  C ~ None 16,500 2500 4250 
Anti-Ig + C ~ None 1320 500 1350 
A n t i 4 g - b C  ~ 10 X 106 3800 1240 
A n t i - I g + C  t 5 X 106 3400 420 1510 

* Immune spleen cells, taken 7 days after intravenous injection of 107 SE were incubated 
with NRS or anti-Ig (1/~5), and GPC t (}~2) for 45 rain at 37°C. 

TABLE V 

Reconstitution of Normal Responsiveness In Vitro by Recombination of Ant#O-Treated and 
Anti-Ig-Treated SE Immune Spleen Cells 

Immune spleen cells 

% of PFC response of control dishes 

Experiment Experiment Experiment Experiment Experiment 
6 12 14 15 16 

NS-treated cells* 100 100 100 100 I00 
(16,500) (2000) (2000) (18,400) (11,500) 

Anti-Ig-treated:~ 7 33 12 36 40 
Anti-0-treated§ 5 9 12 60 2 
Anti-Ig-treated + 75 75 90 100 75 

Anti-0-treated 

* Control dishes received either NRS + GPC ~ or NMS + RC t incubated cells. Results 
in parentheses represent average numbers of PFC per dish for both controls. 

:~ Immune spleen cells were incubated with anti-Ig + GPC' for 45 rain at 37°C. 
§ Immune spleen was incubated with RC I and anti-0 1/~6 in experiments 6, 16; ~,,~5 in 

experiments 12, 14; 1/.%0 in experiment 15 for 45 min at 37°C. 

secondary  response was ob ta ined  when  an t i -0- t rea ted  i m m u n e  spleen cells were  

r econs t i tu t ed  wi th  an t i - Ig - t r ea t ed  cells f rom the  same spleen. T h i s  obse rva t ion  

demons t r a t e s  t ha t  the  two  ant i sera  affect different  cell popula t ions .  Recons t i t u -  

t ion was no t  a lways  to 100% of control  values.  Th is  m a y  h a v e  been  because  of 

the  fa i r ly  high v iab le  cell n u m b e r s  in dishes wi th  cell combinat ions ,  as compared  
wi th  1.0 or 1.5 X 107 in dishes wi th  control  cells. 
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DISCUSSION 

The presence of immunological memory in T cells has been shown by a variety 
of experimental approaches. (a) Carrier-sensitized T cells specifically mediate 
the ability of B cells to respond to hapten-protein conjugates in vivo (21, 22) and 
in vitro (23, 24). (b) The reduction in the secondary immune response resulting 
from the removal of T cells from sensitized lymphoid cells can be restored by 
much lower numbers of specifically sensitized than of normal cells or of cells 
sensitized to noncross-reacting antigens (16, 25). This is also clearly established 
in the present findings showing a relative inability of normal thymus, lymph 
node, or spleen cells to reconstitute the depleted secondary responses to SE 

15.O / 

o 12.0 / r-~ 
x / 

m 9.0  / c~_ / 
~:~ / 
~. 6.0 / (.D 
U... / 

N 
IMMUNE CELLS TREATED WITH NS ANTI-Ig ANTI-Ig ANTI-8 ANTI-8 ANTI-8 

CELLS ADDED NORMAL - -  NORMAL ANTFIq- 
SPLEEN SPLEEN TREATED 

IMMUNE 

FI6. l. Resul ts  of a representative experiment expressed as numbers  of PFC  per dish 
obtained with immune  mouse spleen cells after 3 days of culture in the presence of SE. Nor-  
mal rabbit  serum and guinea pig C t t r ea t ed  cells (NS) were used to determine the control 
level of the responses. Note  the low degree of reconstitution of the responses obtained by 
adding 5 X 10 6 normal spleen cell to anti-Ig or anti-0-treated cells. In  contrast  to this is the 
marked degree of reconsti tution seen after addition of anti-Ig-treated immune  spleen to 
anti-O-treated immune  spleen. 

in vitro of anti-0-treated immune spleen cells. (c) "Educated" T cells are more 
effective than normal T cells in inducing an immune response in bone marrow 
cells in vitro (26) and in vivo (27). (d) Immune T lymphoid cells have an en- 
hanced ability to mediate such typical T cell functions as transfer of delayed 
hypersensitivity (28) and specific in vitro cytotoxicity (29, 30). 

Although these findings appear to establish a specific memory function of T 
cells, it should be realized that nonspecific enhancement of B cell function has 
also been accomplished by a variety of means in vivo (31-34) and in vitro 
(33, 35-39). I t  is, therefore, important to study the reconstituting effect of 
various doses of cells sensitized to other antigens on the response of anti-0- 
treated SE-immune spleen cells. In the present studies the specificity of the 
reconstituting T ceils has been established by the relatively large effect of ex- 
tremely low numbers of SE-sensitized cells as compared with the ineffectiveness 
of similar numbers of cells sensitized to B. abortus or HGG but cultured in the 
absence of their sensitizing antigen. 
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The present studies, however, do not establish whether T cell and B cell 
interaction is most effective when both cell types are directed against the same 
antigen, or whether activated T cells of any specificity can, in the presence of 
their sensitizing antigen, enhance B cell responses. In the latter case a soluble 
mediator induced by activated T cells may be involved, and would be obtained 
by reexposing sensitized T cells to their sensitizing antigen (35) or else by ex- 
posing T cells to nonspecific mitogens or to H-2 antigens (32, 38, 39). I t  should 
be noted, that the observation on the phenomenon of nonspecific B cell activa- 
tion by allogeneic cells, suggesting that a graft-vs.-host but not a host-vs.-graft 
reaction is needed (32, 34), speak against a primary role for soluble factors. 

A more thorough investigation of the cross-reactivity between antigens at the 
level of the T cell is also needed in view of results of other investigators suggest- 
ing differences in specificities between B and T cells in this regard (20, 27). 
Further studies are underway in this laboratory to compare the relative ability 
of T cells sensitized to various antigens in the presence and absence of their 
sensitizing antigens to restore the responses of anti-0-treated SE-immune spleen 
cells. 

The present data show large differences between SE-immune spleen cells 
taken at varying intervals after immunization in their ability to reconstitute the 
anti-0-treated cells. The concentration of sensitized T cells appears to be higher 
in spleen cells taken on days 3-7 than on days 10-14 after SE injection. I t  may 
be that the memory T cells are relatively sparse in the spleen after the longer 
interval because they have migrated to other lymphoid tissues. A semiquantita- 
tive evaluation of T cell memory at different times after immunization as well as 
after varying immunization procedures can be obtained by this type of experi- 
mental approach. The present results suggest, for instance, that 5 X 105 immune 
spleen cells may comprise more SE-immune T ceils than do 5-10 X 106 normal 
cells. 

There is ample evidence for the presence of immunological memory in B cells 
(15, 16, 21, 22, 40) which are the cells that in the mouse (11) and in the chicken 
(41) can be killed by exposure to anti-Ig and C'. The present experiments dem- 
onstrate that normal spleen cells cannot reconstitute the secondary immune 
response of anti-Ig-treated spleen cells to SE in vitro. Similar results were pre- 
viously obtained in spleen cell transfer experiments (15). Preliminary observa- 
tions in this laboratory show that small numbers of spleen cells from appro- 
priately immunized mice are capable of reconstituting the depleted response of 
anti-Ig-treated cells. Evidence has also been obtained showing that combina- 
tions of 5 X l0 t spleen cells from mice taken 15 days after SE injection with 
5 X l0 s spleen cells from 4-day immune mice give much higher responses than 
could be expected from a simple additive effect of the responses by these two 
populations when cultured separately. In view of the relative lack of reconstitut- 
ing T cells in the 15-day spleen, it would seem likely that there is a high propor- 
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tion of immune B cells in these spleens which cooperate with T cells from the 
early immune spleen. 

Since anti-0-treated immune spleen was virtually completely reconstituted in 
its ability to give a secondary response to SE in vitro by addition of anti-Ig- 
treated immune spleen cells, the anti-Ig did not appear to affect the 0-bearing 
primed T cells. Two recent publications have appeared in agreement with this 
finding showing a lack of inhibition of T cell function by anti-Ig in the primary 
response to SE in vitro (42) and in the T cell-mediated specific target cell killing 
(43). 

Nevertheless, there is some evidence in the literature that T cells have an Ig 
receptor (44-46). Most of these results have been obtained with the use of 
specific antisera to kappa chains. Lesley et al. (47) found an inhibitory effect of 
such an antiserum on T rather than on B cells, employing a similar experimental 
approach to the one reported here. In addition, Greaves et al. (46) showed that  
anti-L chain inhibited the mixed lymphocyte reaction between human lymphoid 
cells in vitro and that the effectiveness of the antiserum was neutralized by ab- 
sorption with L chains. In contrast, in this laboratory mixed lymphocyte reac- 
tions between rabbit cells were not found to be inhibited by anti-kappa chain 
allotype antiserum (48). In experiments by Mason and Warner (49) the ability 
of cells to transfer delayed hypersensitivity in the mouse could be inhibited by 
previous exposure of the cells to some anti-L chain antisera in vitro in the ab- 
sence of Cq A similar inhibition was obtained by anti-Ig on the effectiveness of 
cells to induce graft-vs.-host reactions (50, 51). Evidence that immunocompe- 
tent thymus cells bind antigen was obtained from "suicide" experiments using 
highly radioactive protein antigen (13). This phenomenon was inhibited by 
simultaneous addition of anti-L chain. 

In the present experiments the anti-Ig was able to kill B cells while T cells 
were neither killed nor blocked by exposure to this antiserum. I t  seems possible 
that T cells have a different kind of Ig receptor than do B cells and that the 
anti-Ig used in the present experiments reacts only with B cells, even though it 
did contain antibody to L chain as well as to/~ and 3, chain. Since it appears that 
only some, but not all, anti-L chain sera are active in inhibiting T cell function 
(49), the specificity of the antisera should be further examined before definite 
conclusions about the nature of the T cell receptor can he drawn. 

SU~MMARY 

The effect of preincubation with anti-0 or anti-mouse immunoglobulin (Ig) 
and complement (C t) on immune responsiveness of spleen cells from BALB/c 
mice immunized with sheep erythrocytes (SE) was investigated. Both treat- 
mcnts greatly depressed thc remaining ability to produce a secondary response 
to SE in vitro. 

Normal BALB/c spleen cells were far less effective in reconstituting the 
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responses of such depleted cell populations than were much smaller numbers of 
untreated immune spleen cells. Thymus-derived cell (T cell) memory appeared 
early after immunization and showed specificity for the immunizing antigens. 

Recombination of anti-Ig-treated with anti-0-treated immune spleen cells 
resulted in virtually complete reconstitution of responsiveness. The presence of 
immunological memory in T cells and the nature of their surface receptors are 
discussed. 

BIBLIOGRAPHY 

1. Mishell, R. I., and R. W. Dutton. 1967. Immunization of dissociated spleen cell 
cultures from normal mice. J. Exp. Med. 126:423. 

2. Mitchison, N. A. 1967. Antigen recognition responsible for the induction in vitro 
of the secondary response. Cold Spring Harbor Symp. Quant. Biol. 32:431. 

3. Fuji, H., and N. K. Jerne. 1969. Primary immune response in vitro: reversible 
suppression by antiglobulin antibodies. Ann. Inst. Pasteur (Paris). 11"/:801. 

4. Lesley, J., and R. W. Dutton. 1970. Antigen receptor molecules: inhibition by anti- 
serum against kappa light chains. Science (Wash. D. C.). 169:487. 

5. Hartmann, K. U., S. Reeg, and C. Mehner. 1970. The induction of haemolysin 
producing cells in vitro: inhibition by antiglobulin antisera. Immunology. 20:29. 

6. FrNand, S. S., and J. B. Natvig. 1970. Effect of polyspecific rabbit anti-im- 
munoglobulin antisera on human lymphocytes in vitro. Int. Arch. Allergy A ppl. 
Immunol. 39:121. 

7. Raft, M. C. 1970. Two distinct populations of peripheral lymphocytes in mice 
distinguished by immunofluorescence. Immunology. 19:637. 

8. Greaves, M. F. 1970. Biological effects of anti-immunoglobulins. Evidence for im- 
munoglobulin receptors on T and B lymphocytes. Transplant. Rev. 5:45. 

9. Unanue, E. R., H. Grey, E. Rabellino, P. Campbell, and T. Schmitke. 1971. Im- 
munoglobulins on the surface of lymphocytes. II. The bone marrow as the main 
source of lymphocytes with detectable surface-bound immunoglobulin. Y. Exp. 
Med. 133:1188. 

10. Pernis, B., L. Forni, and L. Amante. 1970. Immunoglobulin spots on the surface 
of rabbit lymphocytes. J. Exp. Med. 132:1001. 

11. Takahashi, T., L. J. Old, K. R. McIntire, and E. A. Boyse. 1971. Immunoglobulin 
and other surface antigens of cells of the immune system. J. Exp. Med. 134:815. 

12. Greaves, M. F., and G. M611er. 1971. Studies on antigen binding cells. I. The origin 
of reactive cells. Cell. Immunol. 1:372. 

13. Basten, A., J. F. A. P. Miller, N. L. Warner, and J. Pye. 1971. Specific inactiva- 
tion of thymus derived (T) and non-thymus derived (B) lymphocytes by I- 
labeled antigen. Nature (Lond.). 231:104. 

14. Takahashi, T., E. A. Carswell, and G. J. Thorbecke. 1970. Surface antigens of 
immunocompetent cells. Effect of 0 and PC.1 cell antisera on the ability of 
spleen cells to transfer immune responses. J. Exp. Med. 139.:1181. 

15. Takahashi, T., J. J. Mond, E. A. Carswell, and G. J. Thorbecke. 1971. Surface 
antigens of immunocompetent cells. II .  The importance of 0 and Ig bearing 
cells in the immune response to various antigens. J. Immunol. 107:1520. 



J. ~. MOND, T. TAKAHASHI, AND G. J. THORBECKE 673 

16. Miller, J. F. A. P., A. Basten, J. Sprent, and C. Cheers. 1971. Interaction between 
lymphocytes in immune responses. Cell. Immunol. 9.:469. 

17. Boyse, E. A., M. Miyazawa, T. Aoki, and L. J. Old. 1968. Ly-A, Ly-B: two sys- 
tems of lymphocyte isoantigens in the mouse. Proc. R. Soc. Lond. B. Biol. Sci. 
170:175. 

18. Potter, M. 1967. The plasma cell tumors and myeloma proteins of mice. Methods 
Cancer Res. 2:105. 

19. Jerne, N. K., A. A. Nordin, and C. Henry. 1963. The agar plaque technique for 
recognizing antibody-producing cells. In Cell Bound Antibodies. D. B. Amos and 
H. Koprowski, editors. Wistar Institute Press, Philadelphia. 109. 

20. Falkoff, R., and J. Kettman. 1972. Differential stimulation of precursor cells and 
carrier specific thymus derived cell activity in the in vivo response to heterologous 
erythrocytes in mice. Y. Immunol. 108:54. 

21. Mitchison, N. A., K. Rajewsky, and R. B. Taylor. 1970. Cooperation of an- 
tigenic determinants and of cells in the induction of antibodies. In Develop- 
mental Aspects of Antibody Formation and Structure. J. Sterzl and M. Riha, 
editors. Academic Press, Inc., New York. 2:547. 

22. Katz, D. H., W. E. Paul, E. A. Gold1, and B. Benacerraf. 1971. Carrier function 
in anti-hapten antibody responses. II.  Specific properties of carrier cells capable 
of enhancing anti-hapten antibody response. J. Exp. Med. 132:283. 

23. Chan, E. L., R. J. Mishell, and G. Mitchell. 1970. Cell interaction in an immune 
response in vitro: requirement for theta carrying cells. Science (Wash. D. C.). 
170:1215. 

24. Raft, M. C. 1970. Role of thymus derived lymphocytes in the secondary humoral 
immune response in mice. Nature (Lond.). 226:1257. 

25. Mitchell, G. F., E. L. Chan, M. S. Noble, I. L. Weissman, R. I. Mishell, and L. A. 
Herzenberg. 1972. Immunological memory in mice. I I I .  Memory to heterologous 
erythrocytes in both T cell and B cell populations and requirements for T ceils 
in expression of B cell memory. Evidence using immunoglobulin allotype and 
mouse alloantigen theta markers with congenic mice. J. Exp. Med. 135:165. 

26. Hartmann, K.-U. 1971. Induction of a hemolysin response in vitro. II.  Influence 
of thymus-derived cells during the development of the antibody-producing cells. 
J. Exp. Med. 133:1325. 

27. Playfair, J. H. 1972. Response of mouse T and B cells to sheep erythrocytes. 
Nature ( Lond.). 235:115. 

28. Tubergen, D., and J. D. Feldman. 1971. The role of thymus and bone marrow cells 
in delayed hypersensitivity. J. Exp. Med. 134:1144. 

29. Cerrottini, J. C., A. A. Nordin, and K. T. Brunner. 1970. In vitro cytotoxic ac- 
tivity of thymus cells sensitized to alloantigens. Nature (Lond.). 227:72. 

30. Lonai, P., and M. Feldman. 1971. Cooperation of lymphoid cells in an in vitro 
graft reaction system. Transplantation. 11:446. 

31. Stout, R. D., and A. G. Johnson. 1972. Regulation of the immune system by 
synthetic polynucleotides. V. Effect on cell-associated immunoglobulin receptors 
and immunological memory. J. Exp. Med. 135:45. 

32. Katz, D. H., W. E. Paul, E. A. Goidl, and B. Benacerraf. 1971. Carrier function 
in anti-hapten antibody responses. I I I .  Stimulation of antibody synthesis and 



674 SURFACE A N T I G E N S  OF I M M U N O C O M P E T E N T  CELLS.  I I I  

facilitation of hapten-specific secondary responses by graft-versus-host reactions. 
J. Exp. Med. 133:169. 

33. Byrd, W. 1971. Restoration of the immune response to sheep erythrocytes by a 
serum factor. Nature (Lond.). 231:280. 

34. Kreth, H. W., and A. R. Williamson. 1971. Cell surveillance model for lymphocyte 
cooperation. Nature (Lond.). 9.34:454. 

35. Hartmann, K.-U. 1970. Induction of a hemolysin response in vitro. Interaction of 
cells of bone marrow origin and thymic origin. J. Exp. Med. 139.:1267. 

36. Gorczynski, R. M., R. G. Miller, and R. A. Phillips. 1972. Initiation of antibody 
production to sheep erythrocytes in vitro: replacement of the requirement for T 
cells with a cell free factor isolated from cultures of lymphoid cells. J. Immunol. 
:1.08:547. 

37. Rubin, A. S., and A. H. Coons. 1972. Specific heterologous enhancement of immune 
responses. II .  Immunological memory cells of thymic origin. J. Exp. Med. 135: 
437. 

38. Doria, G., G. Agarossi, and S. D. Pietro. 1972. Enhancing activity of thymocyte 
culture cell free medium on the in vitro immune response of spleen cells from 
neonatally thymectomized mice to S.R.B.C.J.  Immunol. 108:268. 

39. Dutton, R. W., R. Falkoff, J. A. Hirst, M. Hoffmann, J. W. Kappler, J. R. 
Kettman, J. F. Lesley, and D. Vann. 1971. Is there evidence for a non antigen 
specific diffusable chemical mediator from the thymus derived cell in the initia- 
tion of the immune response? In  Progress in Immunology. B. Amos, editor. 
Academic Press, Inc., New York. 355. 

40. Jacobson, E. B., J. L'Age-Stehr, and L. A. Herzenberg. 1970. Immunological 
memory in mice. II .  Cell interactions in the secondary immune response studied 
by means of immunoglobulin allotype markers. J. Exp. Med. 131:1109. 

41. McArthur, W. P., J. Chapman, and G. J. Thorbecke. 1971. Immunocompetent 
cells of the chicken. I. Specific surface antigenic markers on bursa and thymus 
cells. J. Exp. Med. 134:1036. 

42. Doria, G., G. Agarossi, and S. D. Pietro. 1971. Effect of blocking cell receptors on 
an immune response resulting from in vitro cooperation between thymocytes and 
thymus independent cells. J. Immunol. 107:1314. 

43. Chapuis, B., and K. T. Brunner. 1971. Cell mediated immune reactions in vitro. 
Reactivity of lymphocytes from animals sensitized to chicken erythrocytes, 
tuberculin or transplantation antigens. Int. Arch. Allergy Appl. Immunol. 40: 
321. 

44. Bankhurst, A. D., N. L. Warner, and J. Sprent. 1971. Surface immunoglobulins on 
thymus and thymus derived lymphoid cells. J.  lmmunol. 134:1005. 

45. Nossal, G. J. V., N. L. Warner, H. Lewis, and J. Sprent. 1972. Quantitative 
features of a sandwich radioimmunolabeling technique for lymphocyte surface 
receptors. J. Exp. Med. 135:405. 

46. Greaves, M. G., G. Torrigiani, and I. M. Roitt. 1969. Blocking of the lymphocyte 
receptor site for cell mediated hypersensitivity and transplantation reactions by 
anti-light chain sera. Nature (Lond.). 9.22:885. 

47. Lesley, J. F., J. R. Kettman, and R. W. Dutton. 1971. Immunoglobulins on the 
the surface of thymus-derived cells engaged in the initiation of a humoral im- 
mune response. J. Exp. Med. 134:618. 



J. J. MOND, T. TAKAHASIII, AND G. J. THORBECKE 675 

48. Mond, J. J., A. L. Luzzati, and G. J. Thorbecke. 1972. Surface antigens of im- 
munocompetent cells. IV. Effect of anti-b5 allotype on immunologic responses 
of homozygous b5 rabbit cells in vitro. J. Immunol. 108:566. 

49. Mason, S., and N. L. Warner. 1970. The immunoglobulin nature of the antigen 
recognition site on cells mediating transplantation immunity and delayed 
hypersensitivity. J. Immunol. 104:762. 

50. Cole, L., and S. E. Maki. 1971. Differential inactivation of lymphocytes and bone 
marrow stem cells by heterologons anti-mouse 7-globulin serum. Nature (Lond.). 
230:244. 

51. Reithmuller, G., E. P. Rieber, and I. Seeger. t971. Suppression of graft versus host 
reaction by univalent anti-immunoglobulin antibody. Nature (Lond.). 230:248. 


