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The  role of  helper T cells in B cell responses to antigen has been debated for many  
years. Generally, two types of  activities have been attributed to helper T cells. The 
first somehow directly involves the action of the T cell receptor for antigen either as 
a cell-free mediator  or in a cell-bound state (1-3) and has usually been demonstrated 
in responses to protein-bound antigens. Two proposals have been made for the mode 
of action of this antigen-specific activity. The  first and oldest proposal is that in 
combination with antigen the T cell receptor is involved in the presentation of  a 
particularly stimulatory antigenic array to the B cell (1). The second proposal stems 
from the finding that many  helper T cells have an apparent  specificity for both 
antigen and a product of  the major histocompatibility complex, usually an I region 
product in the mouse (4-6). It has been suggested that interaction of the helper T cell 
receptor(s) for ant igen/ /del ivers  some stimulatory signal directly to the cell bearing 
them, which in some cases may be a B cell (4, 5). 

In this regard it is of interest that there has been a longstanding controversy over 
the role of B cells and /or  macrophages (M~b) 1 in the presentation of antigen to helper 
T cells during the induction of B cell responses to antigen. Whereas there is universal 
agreement that antigen presentation by M~ is crucial (7, 8), presentation by B cells 
does not always seem to be required (9), although many  groups have found that  it is 
(4, 10, 11). This dichotomy may depend upon the subset of B cells being studied (12). 
O f  course, any model proposing that some essential activating signal is delivered by 
a helper T cell to a B cell directly through recognition of a n t i g e n / / o n  that B cell 
surface in fact predicts that B cell antigen presentation should be required for the 
successful induction of response. 

A second type of activity that has been implicated in the action of helper T cells is 
the production of a group of nonspecific factors. For example, it has been shown that 
factors of this kind are sufficient to drive B cell responses to erythrocyte (RBC)-bound 
antigens (13, 14), although the question of which, and how many, of  these factors 
actually are required is still being investigated (15, 16). 

A series of  experiments from a number  of  laboratories have suggested that the two 
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types of helper activity noted above, one antigen- and perhaps I region-specific, and 
the other nonspecific, are both required by B cells responding to protein-bound 
haptens. Anti-trinitrophenol (TNP) protein responses are absolutely dependent on the 
presence of carrier-primed helper T cells (13). However, synergy has been reported 
(17, 18) between this kind of T cell and others capable of producing nonspecific 
activities. 

Several obstacles have prevented a complete understanding of how the helper T 
cells are operating in these responses. First, it has been difficult to evaluate directly 
the effects of helper T cell recognition of an t i gen / /o r  I alone on B cell surfaces for a 
number of reasons. These include experimental problems encountered when trying to 
couple antigen to B cells by means other than via the immunoglobulin receptor, the 
fact that the use of mixed populations of T cells has rendered effects hard to evaluate, 
and the knowledge that recognition of aUogeneic I by T cells leads to production of 
many nonspecific helper factors that may mask other effects. Secondly, it has been 
hard to unequivocally test the synergistic effects of antigen-specific helper T cells and 
nonspecific helper factors, because addition of the latter may always have effects on 
the former as well as, or instead of, effects on the B cells under study. 

In this paper we describe experiments using antigen-specific, I region-restricted T 
cell hybridomas as a source of antigen-specific helper activity. These cells, originally 
selected by their ability to secrete interleukin 2 (IL-2) in response to antigen// ,  have 
proved to be potent sources of antigen-specific, I region-restricted helper activity. For 
effective help to be delivered by these hybridomas, antigen presentation by the 
responding B cells was required. In addition, the helper effects of several of the 
hybridomas were dependent upon the addition to responding cultures of nonspecific 
factors, in the form of supernatants of concanavalin A-activated spleen cells (Con A 
SN). Because the T cell hybridomas were presumably unaffected by the presence or 
absence of nonspecific factors, this documented a requirement for both antigen- 
specific help and nonspecific factors in the B cell response to protein-bound antigens. 
Finally, our experiments suggested that stimulatory signals might be delivered to B 
cells independently of their immunoglobulin receptors by T cell recognition of 
an t igen / /o r  I alone on B cell surfaces. 

Mater ia ls  an d  Me th o d s  
Mice. B10.D2nSn mice were purchased from The Jackson Laboratory, Bar Harbor, ME. 

C57BL/10SgSn (B10) and B10.M mice were bred in our facility from breeding triplets 
purchased from The Jackson Laboratory. B 10.Q mice were bred from triplets kindly provided 
by Dr. David Sachs, National Institutes of Health. 

Antigens and Other Reagents. Complete Freund's adjuvant (CFA) and Escherichia coli lipopoly- 
saccharide were purchased from Difco Laboratories, Detroit, MI; 2,4,6-trinitrobenzenesulfonic 
acid (TNP) from Pierce Chemical Co., Rockford, IL; a-methyl-D-mannoside (a-MM), Con A, 
and chicken ovalbumin (OVA) from Sigma Chemical Co., St. Louis, MO; and keyhole 
limpet hemocyanin (KLH) from Calbiochem-Behring Corp., American Hoechst Corp., San 
Diego, CA. Human gamma globulin (HGG) was purified from American Red Cross Cohn 
Fraction II by DEAE cellulose chromatography. Horse erythrocytes (HRBC) obtained from an 
individual animal were purchased from Colorado Serum Co., Denver, CO. These antigens were 
prepared and used in their TNP-conj ugated or unconj ugated forms as previously described (19, 
20). 

Immunizations. Animals were immunized for OVA-, KLH-, or HGG-specific helper T cells 
by injection with 100 #g antigen emulsified in CFA at the base of the tail. Para-aortic and 
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inguinal lymph nodes were taken 7 d later (21). Splenic B cells were immunized for anti-TNP 
responses by intraperitoneal injections of 10 ~g TNP-LPS 7 d before use. 

Cell Preparations. Carrier-primed T cells were isolated from lymph node suspensions by 
passage over nylon fiber columns (22). T eeU-free, B cell/macrophage preparations were made 
by treating spleen cell suspensions with monoclonal anti-Thy-1 (kindly provided by Ian 
Trowbridge, The Saik Institute, La Jolla, CA) plus rabbit anti-mouse T cell serum (M. A. 
Bioproducts, Walkersville, MD, absorbed as in [23]) and then rabbit serum as the complement 
source (Gibco Laboratories, Grand Island Biological Co., Grand Island, NY). 

Cell Culture. 3 × 106 B cell/Mq~ were cultured in 0.7 ml of medium in Linbro 76-033-05 24- 
well culture trays (Linbro Chemical Co., Hamden, CT). The indicated number of carrier- 
primed lymph node T cells or irradiated (4,000 rad) hybridoma cells were added to each well. 
Culture conditions were modified from those of Mishell and Dutton (7, 24). Antigen concen- 
trations were TNP-KLH 0.2 #g/ml, TNP-HGG 2.0/~g/ml, and TNP-OVA 1.0 p.g/ml, except 
where otherwise indicated. 

Assay for Plaque-forming Cells (PFC). On day 4 of culture, anti-TNP-direct PFC were assayed 
by a slide modification of the hemolytic plaque assay using TNP-conjugated HRBC (24). In 
some cases, helper activity is expressed as the expected anti-TNP PFC response per culture per 
106 T cells based on a linear regression equation fitting the observed anti-TNP PFC response 
following titration of the helper cell population. 

Preparation of Con A SN. Spleen cell suspensions were cultured for 24 h with 4 #g/ml Con A. 
Supernatants were then harvested and stored at - 2 0 ° C  until use. To prevent effects due to 
residual Con A in SN, a -MM was added to the Con A SN before use to give a final 
concentration of 10 mg/ml  in culture. To test the effects of residual Con A, control medium 
containing Con A and a -MM (Con A M) was prepared as described above except that it was 
not incubated with spleen cells. 

T Cell Hybridomas. The antigen-specific, H-2-restricted T cell hybridomas used in these 
experiments were prepared as previously described (25, 26). The origin and properties of the 
hybridomas are listed in Table I. 

R e s u l t s  

Helper Activity of T Cell Hybridomas. To test the  he lper  ac t iv i ty  o f  an t igen / I - spec i f i c  
T cell hyb r idomas ,  we used a system previously  deve loped  to measure  the  ac t iv i ty  of  
no rma l  car r ie r  p r i m e d  T cells (3), in which  the cells to be assayed were t i t r a t ed  into 
cul tures  con ta in ing  B cells, M4~, a n d  T N P - c o u p l e d  pro te in  ant igen.  In  previous 
exper iments  (17, 29), we h a d  shown tha t  the  genera t ion  o f  op t ima l  a n t i b o d y  responses 
to soluble  ant igens  requ i red  nonspecif ic  he lper  factors in add i t i on  to an  ant igen-  
specific T cell signal.  Because we were not  sure tha t  the T cell hyb r idoma s  could  
p rov ide  all  these nonspecif ic  signals, and  because  we wished to measure  their  an t igen-  
specific ac t iv i ty  unde r  condi t ions  where  nonspecif ic  factors were not  l imi t ing ,  we 

TABLE I 

Normal T cell parent 

Hybridoma Fusion partner 
Strain Antigen 

specificity 

Hybridoma produces IL-2 
when stimulated with: 

AODK 10.4 BI0.D2 (H-2 d) KLH A040.10AG1 Con A; KLH + I-A d 

AODH 3.4 DBA/2 (H-2 a) HGG A040.10AGI Con A; H-2b; OVA +/-A k 
AODH 7.1 DBA/2 (H-2 a) HGG A040.10AG1 Con A; HGG + LE a 
BDK 11.1 B6D2F1 (H-2 b×a) KLH BW5147 Con A; KLH + LA b 
A040.10AG1 B10.A (H-2 a) OVA FS6 14.13 Con A; H-2n; OVA + I-A ~ 
FS6 14.13 B6D2FI (H-2 b×d) None BW5147 Con A 
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tested the hybridomas for help in the presence or absence of Con A SN, added as a 
source of the nonspecific factors (17). 

Fig. 1 shows typical results with two hybridomas, AODK 10.4, specific for LAd/ 
KLH,  and AODH 7.1, specific for I-Ea/HGG, each cultured with T N P - K L H  or 
TNP-HGG and with B10.D2 B eell/Mq~. Hybridoma cells were irradiated with 4,000 
rad before testing. 

As shown in Fig. 1 A, in the presence of Con A SN, AODK 10.4 allowed the 
generation of an ant i-TNP PFC response by B10.D2 B cells; its activity was signifi- 
cantly greater than that of KLH-primed lymph node T cells on a per cell basis. The 
PFC response generated with AODK 10.4 was absolutely dependent on the nonspecific 
factors present in Con A SN, although these factors alone did not stimulate a response. 
The HGG-specific hybridoma AODH 7.1 was not able to mediate this helper function 
using T N P - K L H  as antigen in the presence of Con A SN. 

However, AODH 7.1 mediated significant helper function using TN P -H G G  as 
antigen with B cel l /M~ from the same pool (Fig. 1 B). Again the helper f~netion of 
AODH 7.1 was significantly greater than that of HGG-primed lymph node T cells on 
a per cell basis. In contrast to AODK 10.4, the helper activity of AODH 7.1 upon 
stimulation with its specific antigen was not totally dependent on the addition of Con 
A SN, although the PFC responses were consistently greater when the nonspecific 
factors were added (see also Fig. 2). Confirming the KLH-specific helper function of 
AODK 10.4, significant PFC responses were not generated with this T cell hybridoma 
upon stimulation with TNP-HGG. 

We were interested in finding out how general the dependence was on Con A SN 
factors of T cell hybridoma helper activity. Therefore, six different T cell hybridomas 
were tested, each titrated into cultures containing TNP-antigen and B cell /M~ 
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Ftc. 1. Carrier-specific helper function of T cell hybridomas. Helper T cells in the form of either 
carrier-primed B10.D2 lymph node T cells or irradiated T cell hybridomas,  A O D K  10.4 (KLH, 

d d I-A ) or A O D H  7.1 (HGG, I-E ), were added to duplicate Mishell-Dutton cultures of  TNP-LPS- 
primed BI0.D2 B eel l /M~ st imulated with either T N P - K L H  (panel A) or T N P - H G G  (panel B) as 
antigen. Hybridomas were assayed for T cell help in the presence of either Con A SN as a source on 
nonspecific factors or Con A M as a control. Ant i -TNP PFC measured on day 4 using a Jerne 
hemolytic plaque assay. 
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Flo. 2. Nonspecific factor dependence of an t i -TNP PFC response generated using T cell hybri- 
domas as the source of  antigen-specific help. The  indicated T cell hybridomas were titrated into 
duplicate cultures containing TNP-LPS-pr imed B cell/MO of the appropriate I region haplotype 
and  T N P  conjugated to the indicated carrier as antigen. The  duplicate cultures were st imulated in 
the presence of Con A SN as a source of nonspecific factors (z~) or Con A M (0) as the control, and 
the an t i -TNP PFC response was determined on day 4 of  cuhure.  

bearing the I region haplotype for which the T cell hybridomas were specific. As 
shown in Fig. 2, in the presence of Con A SN all hybridomas delivered helper activity, 
as measured by the developmen t of anti-TNP PFC by B cells in the cultures. 
Interestingly, the PFC responses varied considerably in their dependence on Con A 
SN. The appearance of hapten-specific PFC was absolutely dependent on added 
nonspecific factors when help was provided by three T cell hybridomas, AODK 10.4 
(see also Fig. 1A), AODK 1.16, and BDK 100.11. A fourth hybridoma, BDK 11.1, 
was active whether or not Con A SN was added. The response seen with AODH 7.1 
was again improved by Con A SN and the activity of one hybridoma, AODH 3.4, 
was actually greater in the absence of Con A SN. Not shown is the fact that in every 
case the hybridomas, under optimal conditions, had greater helper activity on a per 
cell basis than conventional antigen-primed T cells, and in addition, the fact that in 
every case, help was both carrier and H-2 specific. We attribute the differential 
dependence on nonspecific factors of the PFC response to the different abilities of the 
T cell hybridomas themselves to secrete needed lymphokines. A more complete 
analysis of these phenomena is in progress. 
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H-2  Restriction of Antigen-specific Help. T h e  ava i l ab i l i ty  of  c loned T cell hyb r idoma s  
with  ant igen-specif ic  he lper  funct ion offered an ideal  o p p o r t u n i t y  to test r equ i rements  
for H-2  iden t i ty  be tween  co l l abora t ing  he lper  T cells and  B cells in the absence of  
al logeneic effects. T h e  T cell h y b r i d o m a s  A O D K  10.4 and  B D K  11.1 bo th  p roduce  
IL-2 in response to the  specific an t igen  K L H ,  a l though  A O D K  10.4 is I-A a restr ic ted 
and  B D K  11.1 is L A  b restricted.  W e  therefore used these two hyb r idoma s  as a 
reciprocal  pa i r  in a test of  the H-2  restr ic t ion of  their  he lper  activities.  As shown in 
Fig. 3, the  I-Aa-restr icted hyb r i doma ,  A O D K  10.4, a l lowed the genera t ion  of  an ant i -  
T N P  P F C  response by  non i r r ad i a t e d  H-2  a B10.D2 B cells, bu t  not  by  H-2  b B10 B 
cells, even in the presence of  funct ional  i r r ad ia t ed  H-2  a (B 10.D2) an t igen-presen t ing  
cells. Conversely,  the  I-A b-restricted hyb r idoma ,  B D K  11.1, a l lowed the genera t ion  of  
an  a n t i - T N P  P F C  response by  non i r r a d i a t e d  H-2  b B10 B cells, bu t  not  H-2  a B10.D2 
B cells, even in the  presence of  funct ional  i r r ad ia t ed  H-2  b (B10) an t igen-presen t ing  
cells. In  each case controls  demons t r a t e d  tha t  the  presence o f  i r r ad i a t ed  H-2-d i spa ra t e  
B cell/Mq~ d id  not  inhib i t  the  P F C  responses genera ted  by  non i r r a d i a t e d  B cells and  
the a p p r o p r i a t e  T cell hyb r idoma .  W e  should also men t ion  that  af ter  i r rad ia t ion  with  
4,000 rad,  the  T ce l l -deple ted  B celt/M~b used in this exper iment  were demons t r a t ed  
to funct ion no rma l ly  as an t igen-presen t ing  cells in the p roduc t ion  of  IL-2 by  the 
a p p r o p r i a t e  T cell hyb r idomas  (da ta  not  shown),  bu t  were no longer  ab le  to develop 
into PFC.  W e  conc luded  tha t  the  del ivery of  the  ant igen-specif ic  he lper  signal  in 
response to low concent ra t ions  of  soluble ant igens  was cont ro l led  at  least by  H-2  
ant igens  expressed by  B cells. 
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FIo. 3. Delivery of antigen-specific helper si~nal by T cell hybridomas restricted by H-2 antigens 
on B cells. Irradiated AODK 10.4 (KLH,/-A=) or BDK 11.1 (KLH, I-A b) T cell hybridomas were 
thrated into Mishell-Dutton cultures stimulated with TNP-KLH in the presence of Con A SN. 
TNP-LPS-prImed T cell-depleted B cell/Mq~ from B10.D2 (H-2 a) or B10 (H-2 b) mice were assayed 
for their anti-TNP PFC response in the presence of irradiated (4,000 rad) BI0.D2 or B10 B cell/Mdp 
as a source of antigen-presenting cells. In control experiments, the irradiated B10.D2 and B10 B 
cell/M~p were shown to functional normally as KLH antigen-presenting cells in the production of 
IL-2 by AODK 10.4 and BDK 11.1, respectively. Data are expressed as the expected anti-TNP PFC 
per culture per 10 ~ hybridoma cells :l: SE. 
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Fie. 4. Requirement for linked recognition at low concentrations of carrier antigen. HGG-specific 
helper T cells in the form of irradiated AODH 7.1 hybridcma cells (plus Con A SN) or normal 
HGG-primed lymph node T cells were titrated into duplicate cultures of TNP-LPS-primed B 10.D2 
B cell/M~. Cultures were stimulated with either TNP conjugated to the specific carrier HGG as the 
positive control or TNP conjugated to an irrelevant carrier KLH plus increasing concentrations of 

• 6 i free HGG. Data are expressed as the expected anu-TNP PFC response per culture per 10 hybr doma 
cells + SE. Immunogenicity of the TNP-KLH demonstrated using normal KLH-primed lymph 
node T cells (3,050 ± 475 anti-TNP PFC/cuhure/106 KLH-primed T cells). 

Requirement for Linked Recognition in Antigen-specific Helper Function at Low Antigen 
Concentrations. Linked recognition is a characteristic that has been associated with 
carrier-specific help in anti-hapten antibody responses, i.e., collaboration between 
carrier-primed T cells and hapten-primed B cells is often not observed upon stimu- 
lation with the specific carrier and conjugates of the hapten and an unrelated carrier 

(27). 
In the experiment presented in Fig. 4, we tested whether linked recognition was 

required for the antigen-specific helper function of the HGG specific hybridoma 
A O D H  7.1. Positive controls using TNP-HGG as antigen demonstrated the antigen- 
specific helper activity of A O D H  7. I- and HGG-primed lymph node T cells. Stimu- 
lation of these same populations with T N P - K L H  and free HGG in the range of 2.0- 
100 pg/ml resulted in very small responses compared with those observed with 
conjugates of TNP and the specific carrier HGG. That  the T N P - K L H  was in fact 
immunogenic was demonstrated by the response elicited using KLH-primed lymph 
node T cells (see legend to Fig. 4). 

We observed similar results using the KLH-specific T cell hybridoma A O D K  10.4 
stimulated with TNP-HGG and free KLH (0.2-100/Lg/ml) (data not shown). We 
concluded that within this antigen dose range, the delivery of the antigen-specific 
helper signal required linked recognition of the hapten-carrier conjugate. 

B Cell Activation in the Absence of Linked Recognition. One of the shortcomings of the 
linked recognition experiments described in the preceding section was that the 
antigens tested, KLH and HGG, could not be used as bystander antigens at concen- 
trations >100 #g/ml without nonspecifically suppressing B cell responses (data not 
shown). To test even higher bystander antigen concentrations, we used the antigen 
OVA (which is not inhibitory, even at I0 mg/ml), and the T cell hybridoma A O D H  
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3.4, specific for OVA and I-A k. In these experiments, we compared responses obtained 
with T N P - O V A  to those obtained with free OVA. 

Fig. 5 shows the dose-response profile o fTNP-pr imed  B 10.A B cells stimulated with 
A O D H  3.4 and either T N P - O V A  or free OVA. Using the TNP-carrier-linked antigen, 
an optimal ant i -TNP PFC response was seen in the 0.1-10.0 #g /ml  range. With free 
OVA, no significant ant i -TNP response was seen in this experiment below 100 #g/ml ,  
but responses equivalent to those obtained with T N P - O V A  were observed in the 1-5 
mg /ml  range. Two additional points are worth noting. First, the ant i -TNP PFC 
response seen with free OVA did not depend on the addition of T N P  antigen to the 
cultures. In fact, addition of T N P - K L H  at 0.2 #g /ml  actually suppressed this 
bystander response somewhat (data not shown). Second, no ant i -TNP PFC response 
was seen with either T N P - O V A  or with free OVA using B cells from unprimed or 
LPS primed mice (see below). Thus, under conditions where very high concentrations 
of free carrier could be used, carrier-specific helper T cells collaborated with hapten- 
primed B cells in the generation of a specific antibody response without apparent  
involvement of the B cell's immunoglobulin receptor. 

Because these and other (10) experiments suggested that T cell recognition of 
a n t i g e n / / o n  B cells could deliver a helper signal directly to that B cell, we reasoned 
that T cell recognition of I alone might have the same effect. A O D H  3.4 was again 
useful in approaching this question, because in addition to its O V A / I - A  k reactivity, 
it was reactive to 1-A b in the absence of antigen. 

As shown in Fig. 6, irradiated A O D H  3.4 hybridoma cells were titrated into 
cultures of TNP-LPS-pr imed B cells of different 1t-2 haplotypes. In the absence of 
antigen, A O D H  3.4 allowed the generation of ant i -TNP PFC responses with B cells 
of  the 1-1-2 b haplotype (B 10), but not with B cells of the H - 2  u (B10.D2), H - 2  f (B10.M), 
or 1-1-2 q (B 10.Q) haplotypes. Tha t  these B cells were in fact able to respond was shown 
using T N P - O V A  as antigen and OVA-pr imed lymph node T cells syngeneic with the 
B cells. 

The ant i -TNP PFC response of the H - 2  b B cells did not require the addition of 
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FIG. 5. B ce]l activation in the absence of [inked recognition. Helper activity of AODH 3.4 as a 
function of antigen concentration. Irradiated AODH 3.4 (OVA, 1-A k) were titrated into Mishell- 
Dutton cultures ofTNP-LPS-primed B10.A B cell/MqL Cultures were stimulated with the indicated 
concentration of either TNP-OVA or free OVA, and the data are expressed as the anti-TNP per 
culture per 10 6 AODH 3.4 hybridoma cells ± SE. 
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FIG. 6. Direct recognition of hapten primed B cell I region antigens by T cell hybridoma results 
in B cell activation. Irradiated AODH 3.4 (LAb; OVA + I-A ~) hybridoma ceils were titrated into 
cultures of TNP-LPS-primed B cell /M~ of B10 (H-2°), B10.D2 (H-2a), B10.M (H-2t), or B10.Q~ 
(H-2 q) mice without added antigen. Data expressed as the anti-TNP PFC per euhure per I0 ° 
AODH 3.4 ± SE. The ability of  the TNP-LPS primed B cells to generate anti-TNP PFC was 
demonstrated in control cultures using syngeneic OVA-primed lymph node T ceils and TNP-OVA 
as antigen. The calculated anti-TNP PFC per culture per 106 syngeneic lymph node T cells ± SE 
were: B10, 662 ± 70; B10.D2, 750 ± 22; B10.M., 837 ± 30; and B10.Q, 669 ± 36. 
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FIo. 7. Requirement for hapten priming in the generation of B cell anti-TNP PFC. B 10 (H-2 b) or 
B10.A (H-2 a) mice were primed with either TNP-LPS (10 /~g), LPS (10 /~g), or left unprimed. 
Irradiated AODH 3.4 hybridoma cells were titrated into separate cultures of T cell depleted B cell/ 
Mff of the B10 mice without antigen or B cell/Mq~ of the B10.A mice using either TNP-OVA (1 
#g/ml) or OVA (5 mg/ml) as antigen. Data are expressed as the anti-TNP PFC per culture per 106 
AODH 3.4 + SE. 

TNP antigen to the cultures. Thus, primed B cells could be triggered to develop into 
PFC using a T cell hybridoma that directly recognizes the B cell's surface I-A in the 
absence of overtly added antigen. 

As demonstrated in Fig. 7, the generation of an anti-TNP PFC response using 
AODH 3.4 and B10 (H-2 n) B cells without antigen or B10.A (I-A k) B cells and either 
microgram quantities of TNP-OVA or milligram quantities of OVA alone, required 
priming of the B cell donor with TNP-LPS. Significant anti-TNP PFC responses were 
not observed in these systems using unprimed or LPS-primed B cell donors. 

Discussion 

A number of points dealing with how helper T cells work are addressed by the data 
in this paper. First, over the years it has been difficult to reconcile data concerning 
the effects of nonspecific helper factors, in this and many other papers defined as 
those present in the Con A-activated supernatants of normal spleen cells, and the 
effects of antigen-specific T cells. Although it is well established that B cell responses 
to certain antigens, most notably RBC bound, can be driven by nonspeeific factors 
alone, the same does not seem to be true for responses to protein-bound antigens (13, 
17), except under special circumstances (28). However, several recent experiments (17, 
29) have suggested that nonspecific factors might play a necessary, but not sufficient 



200 HELPER T CELL HYBRIDOMAS 

role in this type of response. In the past such a role has been difficult to evaluate 
because any source of  nonspecific helper factors added to mixtures of B cells and 
antigen-specific helper T cells might affect either one or both cellular component(s) 
of  the mixture. In the experiments described in this paper, for the first time, effects of 
nonspecific helper factors could be evaluated in an experimental system in which we 
could be fairly sure that the target of the factors was not an antigen-specific T cell. 
A O D K  10.4, for example, was unable to stimulate an ant i -TNP PFC response of 
H - 2  a B cells and M~ in the absence of Con A SN. Con A SN alone was equally 
ineffective. In the presence of Con A SN, however, A O D K  10.4 stimulated a good 
ant i -TNP PFC response, thus demonstrating unequivocally a need for both antigen- 
specific T cells and nonspecific helper factor(s) in the response. The target of the Con 
A SN was most probablv the responding B cell, as these nonspecific factors have no 
effect on the growth, secretion of IL-2, or viability of A O D K  10.4 (data not shown). 
We cannot exclude the fact that Con A SN may induce A O D K  10.4 or Mq~ to secrete 
some other nonspecific factor not present in the putative inducing reagent; however, 
the fact that direct effects of materials in Con A SN on B cells have been demonstrated 
(15, 30, 31) suggests that this is not the most likely mode of action for the mixture. 

Three of the six tested T cell hybridomas described in this paper  required that Con 
A SN be added to demonstrate help. Con A SN had no effect with a fourth, improved 
the response with a fifth, and actually suppressed the response with the sixth. We 
postulate that this is due to the fact that each of our T cell hybridomas is capable of 
producing a different combination of lymphokines when challenged with antigen plus 
antigen-presenting cells. Although in the case of all the hybridomas tested in this 
study one of these lymphokines is IL-2, we do not yet know what other factors are 
made by these hybrids, nor do we know which lymphokines are needed for B cell IgM 
responses to protein-bound antigens. By analogy with antibody responses induced 
with anti-immunoglobulin or RBC, more than one nonspecific factor may be needed, 
including M~-derived factors, IL-2, B cell growth factor, and thymus-replacing factor 
(15, 16, 30-36). Further experiments are planned to study this. In any case, experi- 
ments with the three hybrids that showed helper activity only in the presence of added 
lymphokines clearly support earlier findings (17, 18, 29) that B cell responses to 
protein antigens need nonspecific helper signals as well as an antigen-specific signal 
from helper T cells. 

Hybr idoma T cells apparently behaved very much as normal T cells do in the 
induction of antibody responses. The experiments in this paper  showed that at 
moderate or low antigen concentrations, the hybridomas had to recognize carrier 
linked to the hapten against which the B cell response was measured for B cell 
stimulation to be observed. Moreover, the hybridoma T cells were restricted for help 
by H - 2  products, and these had to be borne by the responding B cells in the cultures, 
a finding we (7, 10) and others (4, 11) have consistently made in the past. 

Two observations in this paper  were surprising, however. First, we unexpectedly 
found that at very high carrier concentrations, ant i -TNP PFC were stimulated in 
vitro even in the absence of deliberately added hapten. Three explanations for this 
were possible. Antigen might have been carried over from the mouse during prepa- 
ration of B cells, as responding B cells had to be obtained from TNP-pr imed animals. 
Alternatively, the B cells may have been responding to an in vitro antigen, in the fetal 
calf serum for example, that cross-reacted with TNP. I f  either of  these hypotheses 
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were true, the activity of the unsuspected TN P  antigen was only apparent at very 
high carrier concentrations. A third, and more interesting possibility is that at very 
high carrier concentrations, the protein was taken up, processed, and presented to 
hybridoma T cells by the responding B cells themselves, in the absence of a hap ten /  
immunoglobulin receptor-mediated concentrating mechanism. In fact, previous stud- 
ies from this laboratory have suggested that B cells could do exactly this (7, 10). More 
recent experiments from our own (37, 38) and other (39) laboratories have confirmed 
this idea using B cell tumor lines. 

If  this were indeed the correct explanation, it would suggest that B cells could be 
stimulated by interaction of T cells with ant igen/ / region products on their surface in 
the absence of a concomitant signal delivered through their immunoglobulin recep- 
tors, an idea proposed in the past by others (40) and supported by data from several 
laboratories (41, 42). This hypothesis is also supported by other data in this paper 
dealing with the consequences of recognition of allogeneic I region products on B cell 
surfaces by the hybridoma AODH 3.4. Our experiments showed that under these 
circumstances B cells could be driven to yield anti-TNP PFC in the absence of overtly 
added TNP,  providing the responding cells came from TNP-primed animals. 

An extension of this theory would propose that the phenomenon of linked recog- 
nition, at low hapten-carrier concentrations, occurs because the binding of hapten to 
surface immunoglobulin causes the concentration and uptake of carrier by hapten- 
specific B cells. The carrier will then be presented to T cells by hapten-specific B cells, 
which might thereby be stimulated. In this case, the role of surface immunoglobulin 
would be to concentrate and internalize hapten-carrier rather than to act as an 
intermediary for the delivery of antigen-specific signals to the B cell. 

Another surprising finding in this study was that B cells had to be taken from 
TNP-primed animals. This was true even when the cells were responding in the 
apparent absence of TNP. Others who have observed polyclonal B cell stimulation 
under conditions rather reminiscent of ours did not find the same requirements (41). 
Over the years, however, we have consistently found that IgM anti-TNP protein 
responses in vitro are elicited most satisfactorily in hapten-primed B cells. This could 
either be because our culture conditions and T cells are insufficient to drive virgin B 
cells to full differentiation, or perhaps because of some failure of antigen presentation 
by virgin B cells in our cultures. 

Finally, it was striking that out of six randomly chosen antigen/l-specific T cell 
hybridomas, all demonstrated carrier-specific, H-2-restricted helper activity. The 
implication of this result is that the presence of an antigen/l-specific receptor(s) on a 
T cell is sufficient for it to demonstrate such activity providing the necessary 
lymphokines are also present, either secreted by the T cell or added exogenously. 

S u m m a r y  

We have examined the carrier-specific helper activity of a number of antigen- 
specific, I region-restricted T cell hybridomas prepared in our laboratory. The 
hybridomas were assayed for helper activity in the presence or absence of exogenously 
added nonspecific factors found in the concanavalin A-activated supernatants of 
normal mouse spleen cells. Of  six hybridomas tested, all six could stimulate the IgM 
anti-hapten responses of hapten-primed B cells in the presence of the appropriate 
hapten-carrier conjugates. At low or moderate carrier doses, the response was depend- 
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ent upon hapten-carrier linkage and the ability of the hybridoma cells to interact 
with carrier in association with H-2 products of the responding B cells themselves. 
Plaque-forming cell responses stimulated by some of the hybridomas were absolutely 
dependent upon the addition of nonspecific factors, suggesting that anti hapten- 
protein responses require both an antigen specific I region restricted signal from the 
T cell hybridomas and nonspecific helper factors, made either by the T cell hybrido- 
mas or added exogenously. 

Under  two sets of circumstances, B cells were stimulated in the absence of a 
simultaneous signal delivered through their immunoglobulin receptor. This occurred 
either when hapten-primed B cells were stimulated with an ova lbumin / I -A  h-specific 
hybr idoma in the presence of very high concentrations of ovalbumin, or when H-2 b 
B cells were incubated with a hybridoma specific for I-A b alone. This was interpreted 
to mean that B cells can be stimulated by reaction of T cells with surface I molecules. 

The authors would like to thank Jim Liebson, Janice White, and Ella Kushnir for their excellent 
technical assistance; and Edna Squillante, Kathy Dixon, and Kelly Bakke for ",,ping and 
assembling the manuscript. 

Received for publication 29 March 1982. 

References  
1. Feldmann, M. 1972. Cell interactions in the immune response in vitro. V. Specific collabo- 

ration via complexes of antigen and thymus-derived cell immunoglobulin. J. Exp. Med. 
136:737. 

2. Waldmann, H., and A. Munro. 1975. The inter-relationship of antigenic structure, thymus- 
independence and adjuvanticity. IV. A general model for B-ceU induction. Immunology. 
28:508. 

3. Marrack, P. C., and J. W. Kappler. 1975. Antigen specific and nonspecific mediators of T 
cell/B cell cooperation. I. Evidence for their production by different cells. J. Immunol. 
114:1116. 

4. Sprent, J. 1978. Restricted helper function of F~ hybrid T cells positively selected to 
heterologous erythrocytes in irradiated parental strain mice. II. Evidence for restrictions 
mapping to the K end of the H-2 complex.J. Exp. Med. 147:1159. 

5. Kappler, J. W., and P. Marrack. 1976. Helper T cells recognize antigen and macrophage 
surface components simultaneously. Nature (Lond.). 262:797. 

6. Swierkosz, J. E., P. Marraek, and J. W. Kappler. 1979. The role of H-2 linked genes in 
helper T cell function. V. I-region control of helper T cell interaction with antigen 
presenting macrophages. J. Immunol. 123:654. 

7. Marrack, P., and J. W. Kappler. 1978. The role of H-2 linked genes in helper T cell 
function. III. Expression of immune response genes for trinitrophenyl conjugates of poly-L 
(Tyr, Glu)-poly-D, L-Ala-poly-L-Lys in B cells and macrophages.J. Exp. Med. 147:1596. 

8. Hodes, R. J., and A. Singer. 1977. Cellular and genetic control of antibody responses in 
vitro. I. Cellular requirements for the generation of genetically controlled primary IgM 
responses to soluble antigens. Eur. J. Immunol. 7:892. 

9. Singer, A., K. S. Hathcock, and R. J. Hodes. 1979. Cellular and genetic control of antibody 
responses. V. Helper T-cell recognition of H-2 determinants on accessory cells, but not B 
cells.J. Exp. Med. 149:1208. 

10. Marrack, P., and J. W. Kappler. 1980. The role of H-2-1inked genes in helper T cell 
function. VII. Expression of I region and immune response genes by B cells by bystander 
help assays.,]. Exp. Med. 152:1274. 



N. W. ROEHM, P. MARRACK, AND J. W. KAPPLER 203 

11. Jones, B., and C. A. Janeway, Jr. 1981. Cooperative interaction of B lymphoeytes with 
antigen specific helper T lymphocytes is MHC restricted. Nature (Lond.). 292:547. 

12. Boswell, H. S., M. I. Nirenberg, I. Scher, and A. Singer. 1980. Role of accessory cells in B 
cell activation. III. Cellular analysis of primary immune response deficits in CBA/N mice: 
presence of an accessory cell-B cell interaction defect.,}'. Exp. Med. 152:1194. 

13. Harwell, L., J. W. Kappler, and P. Marrack. 1976. Antigen specific and nonspecific 
mediators of T cell/B cell cooperation. III. Characterization of the nonspeeifie mediator(s) 
from different sources..]'. Immunol. 116:1379. 

14. Waldmann, H., and A. Munro. 1974. T cell-dependent mediator in the immune response. 
II. Physical and biological properties. Immunology. 27:53. 

15. Leibson, H. J., P. Marrack, and J. W. K~ippler. 1981. B cell helper factors. I. Requirement 
for both interleukin-2 and another 40,000 mol wt factor. J. Exp. Med. 154:1681. 

16. Swain, S., G. Dennert, J. Warner, and R. Dutton. 1981. Culture supernatants of a 
stimulated T cell line have helper activity that synergizes with IL-2 in the response of B 
cells to antigen. Proc. Natl. Acad. Sci. U. S. A. 78:2517. 

17. Keller, D. M., J. E. Swierkosz, P. Marrack, and J. W. Kappler. 1980. Two types of 
functionally distinct, synergizing helper T cells. J. Immunol. 124:1350. 

18. Tada, T., T. Takemori, K. Okumura, M. Noraka, and T. Takuhisa. 1978. Two distinct 
types of helper T cells involved in the secondary antibody response: independent and 
synergistic effects of I a -  and Ia+ helper T cells.J. Exp. Med. 147:446. 

19. Kettman, J., and R. W. Dutton. 1970. An in vitro primary immune response to TNP- 
substituted erythrocytes. Response against carrier and hapten. J. Immunol. 104:1558. 

20. Rittenberg, M. B., and K. L. Pratt. 1969. Anti-trinitrophenol (TNP) plaque assay. Primary 
response of BALB/c mice to soluble and particulate immunogen. Proc. Soc. Exp. Biol. Med. 
132:575. 

21. Corradin, G., H. M. Etlinger, and J. M. Chiller. 1977. Lymphocyte specificity to protein 
antigens. I. Characterization of the antigen-induced in vitro T-cell dependent proliferative 
response with lymph node cells from primed mice. J. Immunol. 119:1048. 

22. Greaves, M. F., and G. J. Brown. 1974. Purification of human T and B lymphocytes. J. 
Immunol. 112:420. 

23. Marrack, P., J. W. Kappler, and J. R. Kettman. 1974. The frequency and activity of single 
helper T cells.J. Immunol. 113:830. 

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

25. Harwell, L., B. Skidmore, P. Marrack, and J. Kappler. 1980. Concanavalin A-inducible 
interleukin-2-producing T cell hybridomas. J. Exp. Med. 152:893. 

26. Kappler, J. W., B. Skidmore, J. White, and P. Marrack. 1981. Antigen-inducible, H-2- 
restricted interleukin-2-producing T cell hybridomas. J. Exp. Med. 153:1198. 

27. Mitchison, N. A. 1971. The carrier effect in the secondary response to hapten-protein 
conjugates. II. Cellular cooperation. Eur. J. Immunol. 1:18. 

28. North, J. R., J. T. Kemshead, and B. A. Askonas. 1977. Non-specific factor replaces T cells 
in an IgG response to soluble antigens. Immunology. 33:321. 

29. Swierkosz, J. E., P. Marrack, and J. W. Kappler. 1979. Functional analysis of T cells 
expressing I-A antigens. I. Demonstration of helper T cell heterogeneity. J. Exp. Med. 
150:1293. 

30. Parker, D. C., D. C. Wadsworth, and G. B. Schneider. 1980. Activation of murine B 
lymphocytes by anti-immunoglobulin is an inductive signal leading to immunoglohulin 
secretion.J. Exp. Med. 152:138. 

31. Isakson, P. C., E. Pure, J. W. Uhr, and E. S. Vitetta. 1981. Induction of proliferation and 
differentiation of neoplastic B cells by antiimmunoglobulin and T cell factors. Proc. Natl. 
Acad. Sci. U. S. A. 78:2507. 



204 HELPER T CELL HYBRIDOMAS 

32. Wood, D., and P. Cameron. 1976. Stimulation of the release of a B cell activation factor 
from human monocytes. Cell Immunol. 21:133. 

33. Hoffman, M., and J. Watson. 1979. T cell-replacing factors secreted by thymus-derived 
cells and macrophages: cellular requirements for B cell activation and synergistic properties. 
aT. Immunol. 122:1371. 

34. Farrar, J., w.  Koopman, and J. Fuller-Bonar. 1977. Identification and partial purification 
of two synergistically acting helper mediators in human mixed leukocyte culture superna- 
rants. J. Immunol. 126:834. 

35. Watson, J., s. Gillis, J. Marbrook, D. Mochizuki, and K. A. Smith. 1979. Biochemical and 
biological characterization of lymphocyte regulatory molecules. I. Purification of a class of 
murine lymphokines.J. Exp. Med. 150:849. 

36. Schimpl, A., L. Hubner, C. Wong, and W. Wecker. 1980. Distinction between T helper cell 
replacing factor (TRF) and T cell growth factor (TCGF). Behring Inst. Mitt. 67:221. 

37. Kappler, J., J. White, D. Wegmann, E. Mustain, and P. Marrack. 1982. Antigen presen- 
tation by Ia + B cell hybridomas to H-2 restricted T cell hybridomas. Proc. Natl. Acad. Sci. U. 
S. A. In press. 

38. Walker, E., N. L. Warner, R. Chesnut, J. Kappler, and P. Marrack. 1982. Antigen specific, 
Lregion restricted interactions in vitro between tumor cell lines and T cell hybridomas. J. 
ImmunoL 128:2164. 

39. Glimcher, L. H., K. Kim, I. Green, and W. E. Paul. 1982. Ia antigen-bearing B cell tumor 
lines can present protein antigen and alloantigen in a major histocompatibility complex- 
restricted fashion to antigen reactive T cells.J. Exp. Med. 155:445. 

40. Benacerraf, B. 1978. A hypothesis to relate the specificity o fT  lymphocytes and the activity 
of/-region specific Ir genes in macrophages and B lymphocytes. J. Immunol. 120:1809. 

41. Augustin, A. A., and A. Coutinho. 1980. Specific T helper cells that activate B cells 
polyclonally. In vitro enrichment and cooperative function.,]. Exp. Med. 151:587. 

42. Cammisuli, S., C. Henry, and L. Wofsy. 1978. Role of membrane receptors in the induction 
of m vitro secondary anti-hapten response. I. Differentiation of B memory cells to plasma 
cells is independent of anti-immunoglobulin receptor interaction. Eur. J. Immunol. 8:656. 


