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It is now an established fact that thymus-derived peripheral lymphoid cells exhibit 
a marked heterogeneity with regard to their functions (reviewed in reference 1). This 
heterogeneity reflects the immunological repertoire of distinct subpopulations of T 
lymphocytes, lymphocytes distinguished by their physical and serological properties. 
Recent advances in studying T-cell function have concentrated on the enrichment of 
antigen-specific effector cells. At the present time, there exist several techniques for 
such a selective fractionation. One method involves the selection by immunological 
function of the cloned fusion products derived from somatic crosses between specific 
primed T cells (helper, cytotoxic) and established cell lines (2). A second method of 
clonal isolation involves the positive selection of reactive T cells by repeated stimu- 
lation with allogeneic cells (3, 4) or concanavalin A (Con A) supernates (5), followed 
by cloning in limiting dilution or in soft agar. Only those cells undergoing cell division 
would be selected for, leaving nonresponding cells to eventually die out. 

Utilizing a positive selection technique, it has been demonstrated that T cells 
derived from mixed lymphocyte culture can be maintained in tissue culture for several 
years, as long as these cells are repeatedly stimulated with the alloantigens used 
initially (6). Noncloned cell lines derived by such procedures exhibit specific prolif- 
erative activity (6) and in some instances retain specific cytotoxic function. 1 

Recently, it has been shown that products of the major histocompatibility complex 
(MHC) z can also activate strong helper and suppressor T-cell activities (7, 8). It was 
of interest, therefore, to test these cell lines for their ability to cooperate in vitro with 
B lymphocytes in induction of a humoral response to sheep erythrocytes (SRBC). 

Materials  and  Methods  
Animals. BALB/c (H-2 a) were purchased from the Leonel C. Strong Research Foundation, 

San Diego, Calif. The B10.Br, B10.A, B10.AQR, B10.A(4R), B10.A(5R), B10.G, B10.D2, and 
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B10 strains were bred in our colony at the Department of Biology, University of California, 
San Diego. Animals were age and sex matched for each experiment. 

Cell Lines. C.C3.11.75 a was established from a primary mixed lymphocyte culture contain- 
ing 105 per ml responder BALB/c (H-2 d) spleen cells and 105 per ml 1,000 rads irradiated C3H 
(H-2 k) stimulator cells (6). Cultures were set up in 20-ml Falcon tissue culture bottles (No. 
3013) (Falcon Labware, Div. of Becton, Dickinson, & Co., Oxnard, Calif.) in Click's minimal 
essential medium supplemented with 5% selected fetal calf serum, 5 × 10 -5 M 2-mercaptoeth- 
anol, 0.2 mM glutamine, 100 IU penicillin/ml, and 100 #g streptomycin/ml. Culture flasks 
were incubated in an upright position in 5% CO2 in air at 37°C. Every 2 wk the culture 
supernate was replaced with new medium containing 10 s per ml irradiated C3H spleen cells. 
The cultures were regularly split when the cell density reached 5 × 105 cells per nal. Cells used 
for studies on helper function were harvested 6 d after addition of irradiated C3H stimulator 
cells and purified on a bovine serum albumin (BSA) gradient (6). 

Antisera and Complement. Spleen cells were depleted o fT  lymphocytes by treating sequentially 
with a 1/20 dilution of rabbit anti-mouse brain (RAMB) and 1/40 dilution of absorbed guinea 
pig complement. The procedure and properties of the RAMB serum have been described in 
detail previously (9). 

Cell Preparations. T lymphocytes were isolated from BALB/c mouse spleen as described by 
Julius et al. (10). Briefly, 1 ml of a spleen suspension, 70 × l06 eells/ml in complete RPMI 
medium (RPMI-1640 plus 0.2 mM glutamine, 100 IU penieillin/ml, 100/xg streptomycin/ml, 
15 mM Hepes buffer, 5% heat-inactivated fetal calf serum (FCS), and 5 × 10 -5 M 2 Me) 
(Media Preparation Unit, University of California at San Diego) was layered on a 10-ml 
syringe containing 0.6 g acid-detoxified nylon wool previously equilibrated with complete 
RPMI medium. The columns were then incubated at 37°C for 30 min and the cell eluted. 
These T cells, together with the C.C3.11.75 cells, were treated with 25 #g mitomycin C for 20 
min and washed three times before use in the assay system. Such treatment prevents induction 
of suppressor and/or  cytotoxic activity (8). B. lymphocytes were prepared from the relevant 
strains as described above. 

Allogeneic Supernates. 1 × 10 ~ C.C3.11.75 mitomycin C-treated T lymphocytes were cultured 
together with 1 × 10 r mitomycin C-treated splenic B lymphocytes (RAMB + C) from B10.D2 
and B 10.Br animals. The cultures were carried out in a 5-ml final volume in complete RPMI. 
After 24 h the supernates were harvested by centrifugation (10 rain at 1,500 g to remove the 
cells), aliquoted, and frozen at -20°C  until use. 

Positive Allogeneic Effect Assay. The positive allogeneic effect was evaluated in a primary anti- 
SRBC response in vitro (11). T-cell preparations were added in varying numbers to a constant 
number of B cells (5.0-8.0 × 10S/well), all preparations resuspended in complete RPMI. Cell 
cultures were carried out in Falcon 3040 Microtest II plates (Falcon Plastics) in a 0.1-ml final 
volume. Sheep erythrocytes (0.1% vol/vol in balanced salt solution [BSS]) were added to each 
well in a 10-/~! volume. The cultures were placed in plastic boxes and gassed with a 10% CO2, 
7% 02, and 83% N2 mixture. The cells were fed with 1/10 volume complete cocktail and gassed 
daily. Day 4 cultures (optimal plaque-forming cells [PFC] response) were assayed for direct 
antibody-forming cells by hemolysis in agar, modified from the method of Jerne (12). Data 
points for each titration value are the geometric means + standard deviation of triplicate wells. 

R e s u l t s  

Demonstration of a Humoral Anti-Sheep E~ythrocyte (SRBC) Response Activated by the 
Allospecific T-Cell Line CC3.11.75. Allospecific T cells were posi t ively selected and  
m a i n t a i n e d  in tissue cul ture  for ---3 yr  by  repea ted  a l loant igenic  s imulat ion.  Such 
cells, a l though  noncloned,  hava  been shown to exhibi t  restr ic ted immunolog ica l  
specificity in bo th  the  prol i fera t ive  and  cytotoxic  assays (6). 1 It was of  interest ,  
therefore,  to de te rmine  whe ther  these cells could  exhibi t  he lper  funct ion (positive 
al logeneic effect) in induct ion  of  a humora l  response to SRBC and  i f  so, whether  such 

3 This nomenclature designates a BALB/c (H-2 d) anti C3H (H-2 k) noncloned cell line established in 
November 1975. 
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helper function displayed specificity for the alloantigens used in selection. Accordingly, 
C.C3,11.75 T lymphocytes and normal BALB/c T lymphocytes (both groups mito- 
mycin-C treated) were added in varying numbers to B lymphocytes from B 10.Br (H- 
2k), B 10 (H-2b), and B 10.D2 (H-2 d) mice. These mice were chosen for evaluation of a 
potential allogeneic effect as they differ from each other at the chromosome region 
carrying the MHC, thereby reducing possible background genetic influences, and, 
they share the same Mls type as BALB/c. It can be seen from Fig. 1 A that both the 
BALB/c (H-2 d) and the C.C3.11.75 (H-2 d) T lymphocytes induced a positive alloge- 
neic effect with the B10.Br (H-2 k) B lymphocytes. The individual titration curves, 
however, differed between the two T-cell preparations. The C.C3.11.75 cells displayed 
an 81-fold enrichment of helper function. Significant suppression was seen with cell 
numbers that, using BALB/c T cells, elicit optimal allohelp. When both groups of T 
cells were tested on B10 (H-2~ B lymphoeytes (Fig. 1B), the C.C3.11.75 cells failed 
to give significant allohelp, demonstrating the specificity of the cell line for the 
alloantigenic determinants used in their selection. Finally, in Fig. 1 C (a specificity 
control) no positive allogeneic effect was seen when both groups of T cells were tested 
on B cells expressing the syngeneic MHC (H-2 d) haplotype. 

Intra-H-2 Mapping of the Gene(s) Coding for Antigens Required m Induction of the Positive 
Allogeneic Effect. Because C.C3.11.75 T cells are able to exert helper function on B 
cells expressing the H-2 k antigens, we investigated which subregion(s) in the H-2 k 
MHC is important for induction of allohelp. For this purpose, a series of intra-H-2 
recombinant mice (again, all on the B10 background) were used as donors of the B 
lymphocytes. The experiments were set up as described in the previous section, 
titrating BALB/c and C.C3.11.75 T cells against a constant number ofB lymphocytes. 
The data were evaluated as follows. C.C3.11.75 cells reproducibly showed a 27-fold 
enrichment of effector function (on a per cell basis) when compared with the response 
of BALB/c T cells. The numbers of plaque-forming B lymphocytes from the different 
intra-H-2 recombinant strains were compared at the peak point. The results of a 
representative experiment are shown in Fig .2. The C.C3.11.75 T cells activated 
significant antibody synthesis in B10.Br, B10.A, B10.AQR, and B10.A(4R) B cells, 
the B10.A(4R) giving as high a response as B10.Br (whole haplotype). B10.A(5R) B 
cells, expressing IJ k- and IEk-region homology with the stimulating haplotype, exhibit 
a significantly lower level of antibody synthesis. Finally, B10.G, B10, and B10.D2 B 
cells display no response, again verifying the specificity of the C.C3.11.75 cell line for 
H-2 k. These results suggest that the IA subregion codes for the alloantigens recognized 
in the induction of allohelp, but do not exclude contributions from the K and/or  IB 
regions, and perhaps, to a lesser extent, IE and IJ. 

Specificity of an Allogeneic Effect Factor Derived from the C. C3.11.75 T-Cell Line. Previous 
findings have indicated that the allogeneic effect factor(s) may display a limited 
specificity, preferentially activating B lymphocytes syngeneic to the stimulator and 
responder cells (13). In the past two sections we have demonstrated that the C.C3.11.75 
cell only induces specific helper function with B cells sharing H-2 k subregion(s) with 
the strain used for stimulation. We tested whether an allogeneic effect factor is 
secreted by confrontation of this cell line with mitomycin c-treated B 10.Br B lympho- 
cytes, and if so, whether this factor exhibits strain-specific helper activity in the 
primary humoral response to sheep erythrocytes. In Fig. 3 we demonstrate that a 
helper factor is released upon stimulation with B10.Br but not by stimulation with 
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Fro. 1. Varying numbers of nylon-wool column passed T cells from BALB/c (O) and the 
C.C3.11.75 cell line (O), both mitomycin C treated, were added to wells containing SRBC and 5 
X 10 s B lymphocytes from: (A) B10.Br mice; (/7) B10 mice; and (C) BI0.D2 mice. PFC responses 
were determined on day 4. The data points represent the geometric mean + standard deviation of 
triplicate wells. Background responses of B cells alone are indicated (&). The figure represents one 
of four separate experiments. 
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FIo. 2. Varying numbers of nylon wool column passed T cells from BALB/c and C.C3.11.75 cell 
line, both mitomycin C treated, were added to wells containing SRBC and 5 × 10 ~ B lymphocytes 
from the listed recombinant inbred mice. The results represent the geometric mean + standard 
deviation of PFC activated by 1.5 × 104 C.C3.11.75 T lymphocytes (peak antibody response) (F-I). 
Background responses of B cells alone are indicated (*). Normal BALB/c T lymphocytes routinely 
activated all the B cells listed except B10.D2 as would be expected (A). However, the peak response 
occurred at a 27-fold higher concentration using these cells. The figure represents one of three 
separate experiments. 

B10.D2 B cells. It can also be seen that the factor nonselectively activated B 
lymphocytes from B 10.A(4R), B 10, and B 10.D2 mice and therefore can be considered 
nonspecific. 

Discussion 
A number of studies have demonstrated the ability of allogeneic lymphocytes to 

activate humoral antibody synthesis in vitro (9, 11, 14, 15). Earlier workers found 
that the primary immune SRBC response of cells from either adult thymectomized, 
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FIG. 3. Varying concentrations of allogeneic effect factor, derived from admixed C.C3.11.75 cells 
and either 10 7 B10.D2 (O- - -O) or BI0.Br ( 0 - - - 0 )  mytomycin C B lymphocytes were added to 
wells containing SRBC and 5 X 105 B lymphocytes from: (A) B10.A(4R) mice; (B) B10 mice; and 
(C) B 10.D2 mice. PFC responses were determined on day 4. The data points represent the geometric 
mean + standard deviation of triplicate wells. Background responses of B cells alone are indicated 
(A). The figure represents one of three separate experiments. 

irradiated,  bone-mar row protected mice (14) or neonatal ly  thymectomized  mice (7) 
could be restored by the addit ion of allogeneic spleen cells to the in vitro culture. 
Lefkovits and coworkers extended these observations by showing, first, a 0-sensi- 
tive allogeneic T cell was required for eliciting the an t i -SRBC response (16) and 
second, using l imiting dilution analysis, specific al loantigen-reactive T cells media ted  
this response (17). In s tudying the specificity and mechanism of action, K e t t m a n  and 
Skarvall,  measur ing responses of  th i rd-par ty  B lymphocytes  (bystander),  confirmed 
that  h is tocompat ible  differences were required for tr iggering and  demons t ra ted  that  
the response could be media ted  through release of  soluble factors (18). Subsequent  
work on such factors has indicated that,  depending on the in vitro system used, the 
factors act either nonspecifically (in terms of  H-2 hap lo type  [19]) or exhibit a l imited 
strain specificity (13, 20). 

The  cell line C.C3.11.75, p ropaga ted  in tissue culture for almost  3 yr by repeated 
allostimulation,  has been shown to exhibit specific proliferative and  cytotoxic func- 
tions. T h e  s t imulat ing de terminants  and target antigens for lympholysis appea r  to be 
coded for by genes located in the IA subregion of the mouse M H C ]  In this 
communica t ion  we report  that  C.C3.11.75 T lymphocytes  can also exert helper 
function during the induction of a humora l  response to SRBC. The  help was specific 
in that  the B cells act ivated had  to share M H C  antigens with the strain used for 
selection of the cell line. In t ra  H-2 m a p p i n g  showed that  genes in the IA subregion 
appeared  to be impor tan t  for the induction of the positive allogeneic effect. Thus,  the 
induction of  help is a result of  recognition of  the H-2 subregion that  is also responsible 
for proliferation. Superna tan t  factor(s) could substitute for the T cells in act ivat ion of 
the in vitro humora l  response. Al though this factor(s) exhibited no strain specificity 
in its action, its secretion was dependent  on allorecognition. It appears  that  the 
specificity seen in the positive allogeneic effect is a consequence of the alloantigenic 
recognition receptors intrinsic to the cell line, and not to any biologically restricting 
properties of  the allogeneic effect factor itself. 

These findings raise the issue of whether  the superna tant  factor(s) responsible for 
augment ing  the B-cell response in these cultures is conventional  allogeneic effect 
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factor (AEF), which might be expected to exhibit limited specificity (13) or if it is 
another T-cell mediator. Clearly, our data indicate that if it is AEF, it exhibits no 
strain specificity. Furthermore, like AEF, factor production is not dependent on the 
proliferation of the T cells (13). Strict classification of the factor by mechanism of 
action has not yet been carried out. It is possible that this factor is not a true T-cell 
replacing factor, like AEF, acting directly on the B-cell population. The factor may 
prove to act by promoting residual T cells left after RAMB + C treatment. An 
analysis of splenic lymphocytes from nude mice will hopefully resolve this issue. 

Demonstration of helper activity in a selected T-cell line contradicts an earlier 
finding by one of us which failed to show similar helper activity (21). The discrepancy, 
however, can be explained by differences in the experimental system used. The cell 
line C.C3.11.75 was not tested in the previous report. It is possible that during the 
selection of cells by proliferation the C.C3.11.75 line maintained its helper activity, 
whereas in the other lines tested helper activity was selected against. Furthermore, the 
cell line was tested 6 d after stimulation with 1,000 fads irradiated C3H stimulator 
cells. In the previous report the allospecific T cells were used 3 d after restimulation. 
The kinetics of helper function in the in vitro primary immune response appear to be 
critical. The maximum activity was seen when the cells tested were in a refractory 
state, suppressive effects being observed when C.C3.11.75 was tested 3 d after 
stimulation (J. D. Waterfield, unpublished observations). 

These findings raise certain questions regarding the homogeneity of the cell line. It 
is possible that more than one subset of T lymphocyte has been selected for. 
Conversely, one would have to propose that the cells of the allospecific cell line are 
capable of performing more than one function. Experiments utilizing anti-Ly sera, 
limiting dilution analysis, and cloning of C.C3.11.75 are in progress to distinguish 
between these possibilities. 

In conclusion, these findings, together with previous work, demonstrate that a 
positive selection procedure, based on the ability of cells to proliferate to an alloanti- 
genic stimulus, selects for subsets of T cells exhibiting different immunological 
function. Thus, the C.C3.11.75 cell line contains lymphocytes reactive in MLR, CML, 
and helper cell responses; the effector cells displaying specificity to the I-A subregion 
of the selecting MHC. 

S u m m a r y  

Allospecific mouse T cells, positively selected in one-way mixed lymphocyte culture 
were maintained for 3 yr in tissue culture by sequential restimulation. Such prolifer- 
ating T cells were tested for their ability to induce a positive allogeneic effect: 
activating B cells in an in vitro primary humoral response to sheep erythrocytes. It 
was found that such T lymphocytes could function as helper ceils. Helper activity was 
shown to be specific in that the B cells activated had to share major histocompatibility 
complex (H-2) antigens with the strain used for selection of the cell line. Intra H-2 
mapping showed that antigens coded in the IA k subregion played an important role 
in the induction of the positive allogeneic effect. Supernatant factors could substitute 
for the allogeneic T cells in activation of the in vitro humoral response. However, 
such supernates exhibited no strain specificity. Therefore, the specificity seen in the 
positive allogeneic effect is presumably a consequence of the alloantigenic recognition 
receptors intrinsic to the T cells, and not to any biologically restricting properties of 
the allogeneic effect factor itself. 



814 CONTINUOUSLY PROLIFERATING ALLOSPECIFIC T CELLS 

We would like to acknowledge the skillful and cheerful technical assistance of Ms. E. Water field, 
Ms. Sara Albanil, Mr. J. Kouba, and Mr. C. Crowley. 

Received for publication 13 November 1978. 

R e f e r e n c e s  

1. MiJller, G. 1976. Specificity of effector T lymphocytes. Transplant. Rev. 29:1. 
2. H~immerling, G. J. 1977. T lymphocyte tissue culture lines produced by cell hybridization. 

Eur. J. lmmunoL 7:743. 
3. Andersson, L. C., and P. H~yry. 1975. Clonal isolation of alloantigen-related T-cells and 

characterization of their memory functions. Transplant. Rev. 25:121. 
4. Dennert, G., and M. De Rose. 1976. Continuously prolfierating T killer cells specific for H- 

2 b targets: selection and characterization. J. lmmunol. 116:1601. 
5. Gillis, S., and K. .  Smith. 1977. Long term culture of tumor specific cytotoxic T cells. Nature 

( Lond.). 268:154. 
6. Dennert, G., and W. Raschke. 1977. Continuously proliferating allospecific T cells, lifespan 

and antigen receptors. Eur. J. Immunol. 7:352. 
7. Hirst, J. A., and R. W. Dutton, 1970. Cell components in the immune response. III. 

Neonatal thymectomy: restoration in culture. Cell ImmunoL 1:190. 
8. Swain, S. L., and R. W. Dutton. 1977. Negative allogeneic effects in vitro. I. Allogeneic T 

cells markedly suppress the secondary antibody-forming cell response. J. ImmunoL 118:2262. 
9. Golub, E. S. 1971. Brain-associated 0 antigen reactivity of rabbit anti-mouse brain with 

mouse lymphoid cells. Cell lmmunol. 2:353. 
10. Julius, M. H., E. Simpson, and L. S. Herzenberg. 1973. A rapid method for the isolation 

of functional thymus-derived murine lymphocytes. Eur. J. ImmunoL 3:645. 
11. Panfili, P. R., and R. W. Dutton. 1978. Alloantigen-induced T helper activity. I. Minimal 

genetic differences necessary to induce a positive allogeneic effect. J. ImmunoL 120:1897. 
12. Hoffmann, M., and J. W. Kappler. 1973. Regulation of the immune response. II. Quali- 

tative and quantitative difference between thymus- and bone marrow-derived lymphocytes 
in the recognition of antigen.J. Exp. Med. 137:721. 

13. Armerding, D., and D. H. Katz. 1974. Activation of T and B lymphocytes in vitro. II. 
Biological and biochemical properties of an allogeneic effect factor (AEF) active in 
triggering specific B lymphocytes.J. Exp. Med. 140:19. 

14. Munro, A., and P. Hunter. 1970. In vitro reconstitution of the immune response of thymus- 
deprived mice to sheep red blood cells. Nature (Lond.). 225:277. 

15. Schimpl, A. and E. Wecker. 1971. Reconstitution of a thymus cell-deprived immune system 
by syngeneic and allogeneic thymocytes in vitro. Eur. J. Immunol. 1:304. 

16. Lefkovitz, I. 1973. In vitro complementation experiments with nude mice. I. The allogeneic 
effect in the antibody response to sheep red blood cells. Eur. J. lmmunoL 3:397. 

17. Corley, R. B., B. Kindred, and I. Lefkovits. 1978. Positive and negative allogeneic effects 
mediated by MLR-primed lymphocytes: quantitation by limiting dilution analysis. J. 
lmmunoL 121:1082. 

18. Kettman, J., and H. Skarvall. 1974. The allogeneic effect: bystander effect in the primary 
immune response in vitro. Eur. J. lmmunol. 4:641. 

19. Schimpl, A., and E. Wecker. 1975. A third signal in B cell activation given by TRF. 
Transplant. Rev. 23:176. 

20. Delovitch, T. L., J. Biggin, and F.-Y. Fung. 1978. In vitro analysis of allogeneic lymphocyte 
interaction. II. I-region control of the activity of a B cell-derived H-2-restricted allogeneic 
effect factor and its receptor during B cell activation. J. Exp. Med. 147:1198. 

21. Dennert, G., M. De Rose, and R. S. Allen. 1977. Failure of T cells specific for strong 
histocompatibility antigens to cooperate with B cells for a humoral response. Eur. J. ImmunoL 
7:487. 


