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Staphylococcal nuclease (nuclease) is a naturally occurring bacterial enzyme, the 
sequence and structure of which are known (1, 2), and for which a wealth of 
biochemical and immunochemical  data is available (3-4). The initial antibody 
response to nuclease is under the control of an H-2-1inked immune response (lr) gene 
(or genes) mapping  to the 1-B subregion (5, 6). Several strains of mice produce anti- 
nuclease antibodies of limited heterogeneity, and it has been demonstrated that cross- 
reactive idiotypes (Id) predominate in these responses (5). In addition, it has recently 
been demonstrated that nuclease-specific T helper cells from nuclease-primed mice 
bear cell surface idiotypic determinants as shown by their elimination with anti-Id 
plus complement (C) 1 or by their functional inhibition with anti-Id alone (Nadler et 
al., manuscript in preparation). Thus, for the response to nuclease, dominant cross- 
reactive Id are expressed both on antigen-specific T helper cells and on anti-nuclease 
antibodies. 

Previous experiments from this laboratory have demonstrated that in vivo admin- 
istration of anti-Id to A / J  mice without antigen results in the generation of Id-bearing 
non-antigen-binding molecules (Id') in the serum of the recipients (7). The existence 
of such molecules has been interpreted as evidence for the presence of immunoglobulin 
(Ig) heavy-chain variable-region gene structures normally associated with anti-nu- 
clease antibodies in other Ig of unrelated specificity. These findings raise questions 
concerning the mechanism by which antigen and /or  anti-Id are capable of triggering 
immune responses. In a response system in which idiotypic receptors are expressed 
both on helper T cells and on antibody, the effect of anti-Id could involve a variety 
of pathways. 

In the present report, we have at tempted to assess the effects of anti-idiotypic 
antibodies on both helper T cell function and on Ig Id expression. In doing so, we 
have at tempted to elucidate the mechanisms whereby Id '  is produced and to correlate 
the cellular events that occur after anti-Id treatment with the humoral responses that 
have been observed. The  experiments described here demonstrate that: (a) in vivo 
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an t i - Id  admin i s t r a t i on  leads  to the genera t ion  of  nuclease-specific p r i m e d  he lper  T 
cells; (b) these T cells from a n t i - I d - p r i m e d  animals ,  like those from nuc lease-pr imed 
animals ,  bea r  surface id io typic  de t e rminan t s  as shown by thei r  e l imina t ion  with  ant i -  
Id  plus C; a n d  (c) Id '  is not  p roduced  in nude  mice,  which lack funct ional  T cells, 
suggest ing tha t  the  genera t ion  o f  antigen-specif ic ,  Id-posi t ive  he lper  T cells and  of  Id '  
m a y  be re la ted  ra the r  than  independen t  events. 

M a t e r i a l s  a n d  M e t h o d s  
Animals. BALB/cAnN and BALB/cAnN nude mice were obtained from the Animal 

Production Unit, National Cancer Institute. A / J  and A.BY mice were obtained from The 
Jackson Laboratory (Bar Harbor, Maine). Miniature swine were bred and housed at the 
National Institutes of Health Animal Facility, Poolesville, Md. 

Antigens. Nuclease was purified as previously published (8) or purchased from the Boehrin- 
ger-Mannheim Biochemical Co. (Elkhart, Ind.). Although no major contaminants were found 
on sodium dodeeyl sulfate-polyacrylamide gel electrophoresis analysis of the commercial 
preparation of nuelease, the specific activity of this material was approximately half that of 
enzyme prepared in our laboratory. We therefore used nuclease purified in our laboratory for 
the immunization of animals and the commerical preparation for conjugation to 2,4,6-trinitro- 
benzene sulfonie acid (TNBS) and in vitro challenge. Keyhole limpet hemoeyanin (KLH) was 
purchased from Calbiochem-Behring Corp. (lot 530195; San Diego, Calif.). Nuclease and KLH 
were conjugated with TNBS as previously described (9), at ratios of 17.4 and 13.0 trinitrophenyl 
(TNP) residues per 100,000 tool wt, respectively. 

Immunizations. Mice 2-6 mo of age were immunized intraperitoneally with 100 #g nuelease 
in 0.1 ml saline emulsified with an equal volume of complete Freund's adjuvant (CFA). Mice 
receiving anti-Id were treated with 20 #g of purified pig anti-(BALB/c anti-nuclease) (pig anti- 
BALB/c Id) in 0.2 ml saline on day 0 and day 3, or with one dose of 20 #g pig anti-BALB/c Id 
in 0.2 ml emulsion with CFA on day 0. Mice were immunized with 100/lg KLH or TNP-KLH 
in 0.1 ml saline emulsified with an equal volume of CFA. Miniature swine were immunized 
with affinity-purified BALB/c anti-nuclease antibodies as previously described for production 
of pig anti-A/J Id (7). 

Purification of Antibodies and Anti-Id. BALB/c anti-nuclease antibodies used to immunize 
miniature swine were purified from pools of high-titered serum and/or  aseites by affinity 
chromatography on nuclease coupled to Sepharose-4B by the cyanogen bromide method, as 
previously described (10). Serum with anti-Id activity from a single miniature pig immunized 
with purified BALB/e anti-nuclease was absorbed exhaustively with normal BALB/c Ig 
coupled to Sepharose-4B. Further absorption was performed with LPC-1, a BALB/c y2a 
myeloma protein, coupled to Sepharose-4B. The anti-BALB/c Ig was eluted from these two 
columns with 6 M guanidine HCI in 0.1 M phosphate buffer, pH 7.0, and dialyzed into normal 
saline. This pig anti-BALB/c Ig was used as a control pig Ig for specificity of anti-Id 
immunization. Efficacy of absorption of these anti-Ig antibodies from the anti-Id was demon- 
strated by removal of passive hemagglutination activity against LPC-l-coated sheep erythro- 
cytes (SRBC) in a hemagglutination assay, as previously described (10). The anti-Id serum was 
then adsorbed to Sepharose-4B coupled to purified BALB/c anti-nuclease (Id) and eluted with 
2 M and then 6 M guanidine HCI, in 0.1 M phosphate buffer, pH 7.0; the eluates were dialyzed 
into normal saline and then pooled. Anti-Id activity was determined by passive hemaggluti- 
nation of BALB/c anti-nuclease-coated SRBC as previously described for pig anti-A/J Id or by 
a site-specific spectrophotometric assay (10). 

Measurement of Id and Anti-Nuclease Antibodies. Sera were tested for the presence of Id by a 
hemagglutination inhibition assay (HAI) as previously described (7). Briefly, serial twofold 
dilutions of unknown and control sera were tested for their ability to inhibit agglutination of 
Id-coated SRBC by an appropriate dilution of pig anti-BALB/c Id. Sera from mice immunized 
with pig anti-BALB/c Id were first absorbed with normal pig Ig coupled to Sepharose-4B to 
remove reactivity with pig Ig. Anti-nuclease activity was determined by passive hemaggluti- 
nation of nuclease-coated SRBC. 

Preparation of Cell Populations for In Vitro Anti- TNP Plaque-forming Cell (PFC) Responses. Nylon 
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nonadherent spleen (T) cells were prepared by the method of Julius et al. (11). Suspensions 
depleted of T cells (B plus accessory cells) were prepared by sequential treatment of whole 
spleen cell suspensions with either rabbit anti-mouse brain serum and guinea pig C, or 
hybridoma anti-Thy-1.2 plus rabbit C as ~reviously described (9, 12). 

Anti-Id Plus C Treatment of Cells. 5 × 10 T cells were suspended in 1 ml minimum essential 
medium (Grand Island Biological Co.) containing 10% fetal calf serum and mixed with an 
equal volume of purified pig anti-BALB/c Id or pig anti-BALB/c Ig as control (final 
concentration 250 ~g/ml) for 30 min at 37°C. The cells were washed, resuspended in 1 ml 
screened rabbit C (1:7 dilution), incubated at 37°C for 30 min, washed, and resuspended in 
medium for in vitro culture. 

Culture Conditions. Culture conditions for in vitro primary antibody responses to TNP-KLH 
have been described previously (9), as have conditions for the augmented in vitro primary 
response to TNP-nuclease (6). Briefly, the generation of anti-TNP PFC in vitro in response to 
TNP-nuclease required nuclease-primed spleen cells or splenic T cells. Unprimed spleen cells 
did not generate significant responses, whereas nuclease-primed T cells plus unprimed B and 
accessory cells sufficed to generate the response. Optimum responses were obtained by culturing 
3 × 10 spleen cells in a final volume of 200/tl per well of flat-bottomed microtiter plates. 
Optimum antigen concentrations were 5-20 ~g/ml TNP-nuclease and 10/tg/ml TNP-KLH. 
Peak responses were seen on days 4 and 5. The anti-TNP PFC responses to TNP-nuclease 
under these conditions were predominantly IgM. In vitro secondary IgG antibody responses 
were also studied to further assess the specificity of primed T helper cells. In these experiments, 
3 X 105 TNP-primed B cells (TNP-KLH-primed spleen cells treated with anti-Thy-1.2 plus C) 
were cocuhured with graded numbers of either control unprimed or primed (nuclease, anti-Id, 
or KLH) T cells, and responses to TNP-nuclease and TNP-KLH were assessed. Antigens were 
used in these secondary responses at optimum concentrations of 0.001 /~g/ml for TNP-KLH 
and 0.1 /tg/ml for TNP-nuclease. IgG-secreting anti-TNP PFC were measured using a facili- 
tating rabbit anti-mouse Ig (N. L. Cappel Laboratories, Cochranville, Pa.). For each culture, 
direct and total plaques were counted and IgG plaques were calculated by subtraction of direct 
from total plaques. 

Resu l t s  

Id-Positive Non-Antigen-Binding Molecules Are Induced by In Vivo Treatment with Pig Anti- 
BALB/c Id in Normal BALB/c But Not in Nude BALB/c Mice. Previous experiments had 
demonstrated that  adult  A / J  mice treated with pig an t i -A/J  Id produced molecules 
in their serum that  bore A / J  Id  but had no detectable anti-nuclease activity (7). Such 
molecules might  conceivably be produced by direct st imulation of  B cells bearing 
cross-reactive idiotypic determinants  not related to the binding site for nuclease. 
Alternatively, a more complex pathway,  perhaps involving T cells, could be envi- 
sioned. To  test these possibilities, normal  and nude BALB/c  mice were compared  for 
their ability to produce these molecules after t reatment  with pig an t i -BALB/c  Id. As 
shown in Fig. 1, normal  BALB/c  mice treated with pig an t i -BALB/c  Id produced 
molecules bearing BALB/c  Id. None of  these mice showed significant anti-nuclease 
activity in their serum despite the presence of  the anti-nuclease Id, and we have 
therefore referred to the induced idiotype as Id '  (7). BALB/c  nude (nu/nu) mice, 
however, failed to produce Id '  after anti-Id administered either as an emulsion in 
CFA or in solution in saline. These results suggested that  direct B cell activation by 
anti-Id, if it occurs, is insufficient to generate detectable quantities of  these molecules 
and that  functional T cells played a role in the generation of  such molecules. 

Administration of Anti-Id In Vivo Generates Antigen-specific Helper T Cells. We have 
recently demonstra ted that nuclease-specific T helper cells from antigen-primed mice 
express idiotopes corresponding to those expressed on anti-nuclease antibodies (Nadler 
et al., manuscript  in preparation).  In light of  this finding, and in view of  the possible 
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FIG. 1. Induction of Id-positive non-antigen-binding molecules by anti-Id in normal vs. nude 
BALB/c mice. The  ordinate indicates the HAI titer for BALB/c Id. (O), nude mice treated with 20 
/tg anti-Id in CFA on day 0. (1"1), nude mice treated with 20/~g anti-Id in saline on day 0 and day 
3. (O), normal BALB/c treated with 20 p,g anti-Id on CFA on day 0. (m), normal BALB/c treated 
with 20 p,g anti-Id in saline on day 0 and 3. (&), normal BALB/c immunized with 100/.tg nuclease 
on day 10. All sera were absorbed on normal pig Ig coupled to Sepharose-4B. 

importance of T cells in the induction of Id '  suggested by the experimental findings 
in nude mice, we examined the functional properties of T cells from anti-Id-primed 
mice using the augmented primary in vitro response to TNP-nuclease as an assay 
system. This system is well suited to studying the properties of specific cell populations 
because ant i -TNP PFC can be generated in vitro with normal, unprimed B plus 
accessory cells in the presence of antigen-primed T cells, and the Ir gene control of the 
in vitro antibody responses parallels that of initial in vivo antibody responses (6). 

The ability of whole spleen cell suspensions from mice primed with anti-Id or 
nuclease to generate ant i -TNP PFC upon in vitro challenge with TNP-nuclease was 
assessed. As seen in Fig. 2, ant i -TNP PFC were generated in spleen cells from both 
anti-Id-treated and nuclease-primed mice, but not in spleen cells from unimmunized 
mice or mice immunized with normal pig Ig or CFA alone. The competence of these 
control cell populations was demonstrated by the ability of each population to 
generate an in vitro pr imary response to T N P - K L H  (Fig. 2). 

The effect of anti-Id treatment was demonstrated to be dependent on activation of 
T cells as shown in Fig. 3. In these experiments, graded numbers of T cells from 
nuclease-primed or anti-Id-treated mice were compared with T cells from mice 
immunized with CFA alone, with normal pig Ig in CFA, or from untreated mice for 
ability to generate ant i -TNP PFC with unprimed B cells and accessory cells when 
challenged with TNP-nuclease. T cells from anti-Id-treated animals were found to 
provide help for anti-TNP-nuclease responses equivalent to that provided by T cells 
from nuclease-primed animals. Nonspecific stimulation with CFA or normal pig Ig 
administration did not generate primed T cells. 

Helper T Cells Induced by Anti-Id Are Specific for Nuclease. Although these experiments 
indicated that either nuclease immunization or anti-Id treatment could suffice to 
provide helper T cells for anti-TNP-nuclease responses, they did not fully demonstrate 
antigen specificity because in vitro primary responses to T N P - K L H  only showed that 
control T cells were functional. To determine whether T cells from nuclease and anti- 
Id-primed animals were indeed specific for nuclease, a secondary IgG response system 
for TNP-nuclease and T N P - K L H  was used. In general, the opt imum generation of 
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Treatment  with anti-Id in vivo results in priming for anti-TNP-nuclease responses in vitro. 
Spleen cells from unpr imed mice or from mice immunized with nuclease, pig ant i -BALB/c Id (20 
~g in CFA), normal pig Ig (20 btg in CFA), or CFA alone were challenged in vitro with TNP-  
nuclease or T NP -KL H.  Vertical bars show :tz SEM. All responses were abolished by pretreatment 
of cells with rabbit anti-mouse brain serum plus C; control cultures with no antigen gave <5 PFC/  
106 cultured cells for all populations of cells. 
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Fro. 3. T cells from nuelease-primed or anti-Id-treated mice function as TH cells for in vitro TNP-  
nuclease responses. Graded numbers  o f T  cells from BALB/c mice immunized with nuclease (O), or 
pig ant i -BALB/c Id (O) were added to 3 × 105 unprimed B plus accessory cells (rabbit anti-mouse 
brain serum plus C-treated normal BALB/c spleen) and challenged in vitro with TNP-nuclease (A) 
or T N P - K L H  (B). Control T cells were from mice immunized with normal pig lg (1~), or CFA 
alone (A). 
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IgG-secreting anti-hapten PFC responses has required the coeulture of hapten-primed 
B cells with carrier-primed T cells (13). In the following experiments, therefore, B 
cells from animals primed with T N P - K L H  were cultured with T cells primed with 
nuclease, anti-Id, or KLH,  and challenged in vitro with TNP-nuclease or TNP-KLH.  
As a more stringent control of the specificity of the anti-Id used for in vivo treatment, 
T cells were also tested from control mice immunized with pig anti-BALB/c Ig 
derived from the anti-Id serum during the course of purification of the anti-Id. As 
shown in Fig. 4A, only nuclease and anti-Id-primed T cells generated significant IgG 
PFC responses to TNP-nuclease. Conversely, only KLH-primed T cells provided 
significant help for an IgG response to TN P -K LH  (Fig. 4 B). These experiments, using 
directly comparable IgG secondary responses, demonstrated that anti-Id treatment of 
adult animals in vivo generates a population of antigen-specific helper T cells. 

Antigen-specific Helper T Cells from Anti-ld-treated Animals Bear Idiotypic 
Determinants. To examine the expression of idiotypic determinants on nuclease or 
anti-Id-primed T helper cells, the effects of anti-Id plus C treatment on these 
populations were determined. As shown in Fig. 5A and B, anti-Id plus C treatment 
of T cells from nuclease-primed mice before culture abrogated the response to TNP- 
nuclease with no apparent effect on the response of these cells to TNP-KLH.  Similarly, 
in Fig. 5C and D, anti-Id plus C treatment of T cells from anti-Id-primed mice 
abolished the anti-TNP-nuclease response with no demonstrable effect on the response 
to TNP-KLH.  Treatment with normal pig Ig plus C had no effect on either response. 
In 10 consecutive experiments, pretreatment of both nuclease and anti-Id-primed T 
cells with anti-Id plus C consistently resulted in 70-100% decreases in the anti-TNP- 
nuelease responses without significant effect on the response to TNP-KLH.  
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Flo. 4. Helper T ceils from anti-ld-primed and nuclease-primed BALB/c mice are specific for 
nuclease in secondary IgG responses. Each culture contained 3 × 10 5 anti-Thy-l .2 plus C-treated 
TNP-KLH-pr imed (B plus accessory) cells plus graded numbers of T cells as indicated on the 
abscissa. In (A), cultures were challenged with TNP-nuclease; in (B), cultures were challenged with 
TNP-KLH. (A), nuclease-primed T cells; (Q) KLH-primed cells; (l-I), anti-ld-primed T cells; (C)), 
pig anti-BALB/c Ig-primed T ceils. 



30 ANTI-IDIOTYPE-INDUCED HELPER T CELLS 

100 

8 ,~1o 

loo 

o_ 50 

~;10 

ANTIGEN: TNP~NASE ANTIGEN: TNP-KLH 

ANTIGEN: TNP-NASE 

I 

6 9 12 

ANTIGEN: TNP-KLH 

3 6 9 12 

NYLON NONADHERENT SPLEEN (T)CELLS/CULTURE x 10 .4 

Fie. 5. Helper T cells from nuclease and anti-Id-primed animals bear Id. Nuclease-primed T cells 
were treated with anti-Id plus C, normal pig Ig plus C, or were untreated before addition to cultures 
of 3 × l0 b unprimed B plus accessory cells challenged with TNP-nuclease (A) or TNP-KLH (B). T 
cells from anti-Id-primed mice were similarly treated with anti-Id plus C, normal pig Ig plus C, or 
were untreated before culture with TNP-nuclease (C) or TNP-KLH (D). (O), untreated T cells; 
(A), pig anti-Id plus C-treated T cells; ( . ) ,  normal pig Ig plus C-treated T cells. 

Discussion 

The experiments described here demonstrate two distinct but probably related 
occurrences after in vivo administration of anti-Id: the generation of antigen-specific 
Id-bearing helper T cells and the production in the same animals of Id-bearing serum 
Ig without detectable antigen-binding activity. Interpretation of these findings as well 
as of similar observations in other systems therefore requires a reconciliation of these 
two seemingly paradoxical effects of anti-Id. 

Examining effects at the cellular level first, T cells from anti-Id-primed animals 
appear  to be functionally identical to those from nuclease-primed animals in terms of 
capacity to provide antigen-specific help and presence of idiotypic determinants on 
the cell surface as shown by elimination with anti-Id and C. However, these experi- 
ments do not rule out the possibility that anti-Id may also result in T cells primed for 
responses other than those examined here. As will be discussed further, the finding 
that T cells are required for the production of non-nuclease-binding Id-positive Ig 
suggests the existence of T cells primed by anti-Id that are not specific only for 
nuclease. Thus, we can say with assurance only that a subpopulation of T cells exists 
in animals primed with anti-Id that is antigen-specific and bears idiotypic determi- 
nants on its surface. 

The ability to induce antigen-specific helper T cells with anti-Id has been reported 
previously by Eichmann and coworkers (14, 15) for the ant i -A.CHO response using 
anti-A5A, and by Julius et al. (16) and Benca et al. (17) for phosphorylcholine-specific 
T cells, although these authors did not report Id-positive molecules in serum before 
antigen administration. These findings together with reports of induction of Id-specific 
suppressor T cells with anti-Id (18-20) and the demonstration of circulating endoge- 
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nous anti-Id (21-23) suggest that anti-idiotypic regulation of T cell activity may be 
a commonly occurring phenomenon, as predicted by Jerne's  network hypothesis (24). 

As concerns the humoral  consequences of anti-Id treatment,  these experiments 
confirm and extend our earlier observations on the in vivo effects of treatment with 
anti-Id to anti-nuclease antibodies (7). For both the previous studies using pig anti- 
A / J  Id treatment of A / J  mice and the studies using pig anti-BALB/c Id treatment of 
BALB/c mice reported here, the administration of anti-Id led to production of Ig  
molecules bearing idiotypic determinants in the absence of detectable anti-nuclease 
activity (Id'). The generation of such molecules after anti-Id immunization has 
previously been reported in rabbits (25-27) and in mice (28, 29), and their induction 
in the absence of a conventional antigenic stimulus has suggested that antigen- 
independent mechanisms exist for the expansion of B cell clones bearing these Id. Our  
results in nu/nu mice suggest that B cell stimulation by anti-Id requires functional T 
cells, and that the experiments previously reported by others (14, 25-29) have occurred 
in this setting. Thus the production of Id '  and probably the stimulation of idiotypic 
B cells that sometimes occurs after treatment with anti-Id appear  to require T cells 
and can occur in the absence of antigen. 

The mechanism of T helper cell induction by anti-Id remains uncertain. The most 
straightforward interpretation of the results presented here is that anti-Id acts directly 
upon the Id-bearing precursors of nuclease-specific T helper cells and activates such 
cells to proliferate and/or  differentiate into the functional helper population detected 
in vitro. Alternatively, it is possible that anti-Id acts to perturb the Id-anti-Id network 
in a more complex manner. For example, the appearance of T helper cells could 
reflect a decrease in network-mediated suppression of helper cell activity as a result of 
anti-Id administration in vivo. An apparent  paradox presented by the findings 
reported here is the concomitant induction by anti-Id of nuclease-specific Id-bearing 
T helper cells and of Id-bearing but non-antigen-specific Ig molecules. One interpre- 
tation of these results is that they reflect differences between the antigen receptors of 
T cells and those of B cells or antibodies. The absence of detectable light chain 
determinants on most T cells suggests one mechanism by which the interactions of T 
cells with antigens may be different from those of B cells. It seems possible that the 
presence of one or a few idiotopes detected by the anti-nuclease Id on T cells may be 
sufficient to allow these T cells to recognize and respond to nuclease. In the case of 
antibodies, however, this combination of idiotope with a light chain may not give the 
requisite combining site for antigen. Such antibodies would have the characteristics 
of Id '  or Ab3 (25, 26). In this sense, T cell specificity may be more "degenerate" than 
that of Ig. 

Although the predictions of the network hypothesis are applicable to our results 
and to those of others, the molecular and cellular requirements for the component Id- 
anti-Id interactions at cell surfaces are not yet clear. For example, it is not yet known 
whether anti-Id can directly activate Id-bearing T cells. Such direct activation would 
have several implications, because light chain determinants have not yet been 
demonstrated on T cells and anti-Id binding to isolated heavy chains is usually of 
much lower affinity than binding to the intact Ig. The ability of anti-Id to activate T 
cells directly would therefore imply either: (a) that there exists a small subset of anti- 
idiotypic antibodies that bind to heavy chains with high affinity; (b) that low affinity 
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interactions suffice for activation; or (c) that another, as yet undefined, molecule exists 
that stabilizes this interaction. 

On the other hand, most experimental data on antigen-specific antivation of T 
cells indicate that antigen must be presented in association with major histocompat- 
ibility complex (MHC) products on the surface of appropriate macrophages or 
antigen-presenting cells. Indeed, failure of such presentation is currently thought to 
be a likely basis of H-2-1inked/r gene defects (30). I f  activation by anti-Id is similar 
to that induced by antigen, it may also require such MHC-restricted mediation by 
presenting cells. I f  this is the case, H-2-1inked Ir genes may also play a role in the 
generation of helper T cells by anti-Id as they do for antigen priming. The relationship 
between the MHC-restricted Ir gene function and the triggering of cellular interactions 
by anti-Id may provide insights with respect to the cellular level of each of these 
phenomena,  and experiments to explore this relationship further are in progress. 

S u m m a r y  

Treatment  of BALB/c mice with purified pig anti-(BALB/c anti-nuclease) anti- 
idiotypic antibodies has been found to induce the appearance of idiotype-bearing 
immunoglobulins (Id') in the serum of these mice in the absence of detectable antigen 
binding activity. This phenomenon appeared to require T cells in the hosts because 
no Id '  was detected in the serum of nude mice similarly treated. Furthermore, the 
spleens of BALB/c mice treated with anti-idiotype were found to contain helper T 
cells capable of providing help in an in vitro plaque-forming cell response to 
trinitrophenyl-nuclease equivalent to that provided by helper T cells from the spleens 
of nuclease-primed animals. Helper T cells from both anti-idiotype-treated and 
nuclease-treated animals were found to be antigen-specific and to be similarly 
susceptible to elimination by treatment with anti-idiotype plus complement. There- 
fore, treatment with both antigen and anti-idiotype appeared to prime similar 
populations of antigen-specific helper T cells, while having different effects on the 
induction of antibody. These findings are consistent with the network theory of 
receptor interactions in the immune response, and may provide a means for studying 
individual cell populations involved in such interactions. 

Received for publication 23 March 1981. 
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