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A population of T cells has been described that can promote or enhance the 
proliferation and differentiation of Lyt-2,3 ÷ cytolytic T lymphocyte (CTL) I precursor 
cells in mixed leukocyte culture (MLC) (1-3). Termed amplifier T cells, they have 
been characterized as Lyt-1 + cells that appear  to be stimulated by specific alloantigens, 
perhaps I region-encoded (1, 2, 4). Amplifier T cells are required for the release of 
nonspecific soluble factors that mediate the enhancement of cytolytic activity (5-12). 
However, efforts to further characterize the nature of the interacting T lymphocytes, 
the antigens to which they respond, and the soluble factors involved in the response 
have been hampered by the heterogeneous nature of the participating cell populations. 
Generally, attempts to derive functioning amplifier or cytolytic cell hybridomas have 
been unsuccessful (13), although T cell hybrids that have suppressor functions have 
been developed (14). 

Recently, it has become possible to maintain C T L  in long-term culture (15-18). 
With few exceptions (18), supernatant fluids (SF) from antigen- or mitogen-stimulated 
lymphoid cells have been used to immortalize cells from MLC in the absence of added 
alloantigen (15-17), with the cloning of CTL following only after successful long-term 
culture of the cells (16, 19). The cytolytic cell lines derived in this manner  (15-17, 19) 
are able to proliferate independently of alloantigen in the presence of SF alone. In an 
at tempt to develop clones of the T cells that interact in MLC, we have used a different 
strategy, which includes the cloning of secondary MLC cells with alloantigen and 
conditioned SF. With such a procedure, we have isolated a cloned amplifier T cell 
line, L2, which, when cultured with alloantigen, permits another cloned T cell line, 
L3, to proliferate and express specific cytolytic activity (20). L2 and L3 cells have now 
been kept growing continuously in culture for 21 too, and during that time several 
other amplifier and cytolytic T cell lines have been derived, cloned, and analyzed. 
This paper describes the interactions occurring between cloned lines of noncytolytic 
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and  cytolyt ic  T cells in vitro. W e  show tha t  c loned noncyto ly t ic  cells are  ampl i f i e r  T 
cells responding  to M locus (Mls) de te rminants .  Such ampl i f i e r  cells are  func t iona l ly  
radiores is tant  and  secrete soluble ampl i f i e r  factor(s) tha t  are  ne i ther  an t igen  specific 
nor  H-2 restricted.  T h e  cytolyt ic  cell clones, which require  bo th  SF and  i r r ad ia t ed  
splenic feeder cells for prol i fera t ion,  are  ac t iva ted  by  the ampl i f i e r  cell clones in a 
polyclonal  fashion. 

M a t e r i a l s  a n d  M e t h o d s  
Animals. Adult mice of the inbred strains C57BL/6 (B6) (H-2 b, Mlsb), C3H/HeJ  (H-2 k, 

MlsC), CBA/J (H-2 u, Mlsd), A K R / J  (H-2 k, Mlsa), BALB/c (H-2 d, Mlsb), DBA/2 (H-2 a, Mlsa), 
A/J  (H-2 a, MlsC), and (C57BL/6 × DBA/2)F1 (BDF1) were obtained from The Jackson 
Laboratory, Bar Harbor, Maine. The C57BL/10 congenic mice, B10.BR, and B10.D2 were 
bred in our own colony (The University of Chicago, Chicago, Ill.), whereas BI0.AL and 
B10.OH male mice were kindly provided by Dr. Donald C. Shreffler (Washington University, 
St. Louis, Mo.). Adult female Lewis and BN rats were obtained from Microbiological Associates, 
Walkersville, Md. 

MLC. Spleen cell suspensions were prepared in Dulbecco's modified Eagle's medium 
(DMEM) (Grand Island Biological Co., Grand Island, N. Y.) with loose-fitting glass tissue 
homogenizers (Bellco Glass, Inc., Vineland, N. J.) and then resuspended in DMEM supple- 
mented with 2% heat-inactivated fetal calf serum (FCS) (KC Biological, Inc., Lenexa, Kans.), 
5 × 10 -5 M 2-mercaptoethanol (2-ME), 10 mM morpholinopropane-sulfonie acid (MOPS), 
penicillin/streptomycin, and additional (21) amino acids (culture medium). Primary MLC 
were prepared by mixing 25 x 106 viable responder spleen cells with 25 X 106 irradiated (1,400 
rad) (model 143 cesium irradiator, JLS Shepherd & Associates, Glendale, Calif.) DBA/2 
stimulator spleen cells in 20 ml of culture medium in 50-ml tissue culture flasks (Falcon 3013, 
Falcon Labware, Div. of Becton, Dickinson & Co., Oxnard, Calif.). The flasks were incubated 
upright in a humidified atmosphere of 5% CO2 at 37°C. Secondary MLC were prepared by 
collecting primary MLC cells after 14 d of culture and restimulating 3.5 × 106 viable cells with 
25 × 106 irradiated (1,400 rad) DBA/2 spleen cells in 20 ml of culture medium. 

MLC that contained cloned T cell lines were established by transferring 1.6 × 104 cloned T 
cells (100/~1, 7-8 d after previous transfer) to 3-ml tissue culture wells (17-ram Diam; Linbro 
24-well plate, 76-033-05, Linbro Chemical Co., Hamden, Conn.) at a final density of 104 cell/ 
ml. Each well contained 6 X 106 irradiated (1,400 rad) spleen cells or an equivalent volume of 
culture medium, and 33% SF or culture medium, in a final vol of 1.5 ml. Culture plates were 
then incubated in a 37°C, 5% CO2, humidified incubatOr. 

Marbrook Cultures. Membrane filters (0.2 p.m) (Metricel GA-8, Gelman Sciences, Inc., Ann 
Arbor, Mich.) and Tygon plastic tubing (Norton Co., Plastics and Synthetics Div., Tallmadge, 
Ohio) were boiled three times in distilled water. The membrane filter was then secured on the 
inner tube of a single-chambered Marbrook vessel (B-9000, Bio-Research Glass, Inc., Vineland, 
N. J.) with Tygon tubing. Cultures were established by transferring 1.6 X 104 cloned T cells, or 
culture medium, to the lower (outer) chamber that contained 10 v irradiated (1,400 rad) DBA/ 
2 spleen cells, in a final vol of 3.5 mt. After the cells had settled, the upper (inner) chamber was 
replaced and received 1.6 X 104 cloned T cells, 2 × l0 s irradiated (1,400 rad) DBA/2 spleen 
cells, and 33% SF from concanavalin A stimulated rat spleen cell cultures (LCA SF) or culture 
medium, in a final vol of 1.6 ml. Cultures were then incubated at 37°C. 

Production of SF. (a) SF from secondary MLC cultures (MLC SF): Secondary MLC were 
prepared by restimulating cells from primary C57 anti-DBA/2 MLC with irradiated DBA/2 
spleen cells after 14 d of culture as described previously. After 48 h of culture, the SF were 
collected and centrifuged at 3,000 g for 5 min, then filtered through a 0.2-/~m Nalgene filter 
(Nalge Co., Nalgene Labware Div., Rochester, N. Y.), and stored at -20°C.  (b) LCA SF. Lewis 
rat spleen cells were cultured at a density of 1.25 × 106 cells/ml of culture medium (without 
MOPS) that contained 2.5 #g/ml concanavalin A (Con A) (Pharmacia Fine Chemicals, Inc., 
Uppsala, Sweden) in glass bottles. After 48 h of culture, the SF were collected and centrifuged 
at 3,000 g for 10 min. The SF were then absorbed twice with Sephadex G-25 (Pharmacia Fine 
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Chemicals, Inc.) (0.2 g/100 ml SF) to remove Con A, filtered through a 0.2-#m Nalgene filter, 
and stored at - 2 0 ° C .  

Cloning Procedure. Secondary M L C  cells were harvested 48 h after initiation of culture, and 
then centrifuged and resuspended in either M L C  or LCA SF at a concentration of 20-0.2 cel l /  
mt. A 0. l-ml aliquot was then added to each microwell of a tissue culture plate (6.4-mm diam; 
Costar 3596, Costar, Data Packaging, Cambridge,  Mass.) to which 106 irradiated (1,400 rad) 
DBA/2  spleen cells in 0.1 ml of medium (DMEM, 20% FCS, 5 × 10 -5 M 2-ME, and penicil l in/  
streptomycin) had been added previously. The cloning plate was incubated at 37°C, and 0.1 
ml of additional medium (DMEM,  50% SF, 11% FCS, and 5 × 10 -5 M 2-ME) was added to 
each well after 4 d of incubation. Clusters of cells appeared in the cloning wells after 6-9 d of 
incubation. 

Assay for Cell-mediated Lympholysis (CML). Cytolyic activity was measured in a 51Cr release 
assay as described by Cerottini et al. (21) with modifications (22), except that assays were 3.5 
h in length. The percentage of specific cytotoxicity at various effector:target cell ratios was 
calculated by the formula: 

Percent specific lysis 

counts per m i n u t e e x p e r l m e n t a l  - -  counts per minutespontaneous release 
× i00. 

counts per minutemaximum release - -  counts per minutespont~eous release 

Maximum release was determined by freeze-thaw lysis of target cells. Lytic units per cuhurc 
were calculatcd from individual dose-response curves by taking the reciprocal of that cuhure 
fraction that caused 50% specific lysis of target cells; therefore, one lytic unit is defined as the 
number of effcctor cells requircd to lyse 50% of i0,000 target cells within 3.5 h (21, 22). 

Target Cells. P-815 (H-2d), RBL5 (H-2b), and AKR-A (H-2 k) tumor cells maintained in 
culture were used as target cells. Murine Con A blast target cells were obtained by culturing 
spleen cells in culture medium that contained 1 ~g/ml  Con A for 2-4 days. Rat  Con A blasts 
were generated in a similar manner except that M O P S  was not added to the culture medium, 
and the Con A concentration was increased to 2.5 #g/ml .  

Mixed Lymphocyte Reaction (MRL). Cultures were established in triplicate wells of a flat- 
bottom microwell tissue culture plate (Costar 3596, Costar, Data Packaging). Each well 
contained 106 irradiated (1,400 rad) spleen cells, 33% SF or culture medium, and 10,000 cloned 
T cells, in a total vol of 0.3 ml. The  plates were incubated at 37°C, and after various intervals 
of culture, 1 /~Ci of tritiated thymidine ([aH]TdR) (2 Ci /mmol ,  The Radiochemical  Centre, 
Amersham England) was added to each well. After incubation for 4 h at 37°C, cells were then 
collected onto filter paper strips with a cell harvester (Otto Hiller, Madison, Wis.), and counted 
in a Searle Isocap/300 liquid scintillation counter (Searle Radiographics, Inc., Des Plaines, 
Ill.). Results are expressed as disintegrations per minute ± SEM, with the channels ratio method 
for conversion from counts per minute. The  stimulation index was calculated relative to cultures 
with syngeneic spleen cells. 

Alternatively, cells were collected from M L C  cultures and resuspended in culture medium. 
A 0. l-ml aliquot was then transferred to triplicate wells of a flat-bottom microwell culture plate 
and pulsed with 1/~Ci [aH]TdR for 4 h. 

T Cell Fractionation. Splenic T cells were enriched for by the method of Julius et al. (23) 
with glass wool-nylon wool-column fractionation. 

Antiserum and Treatment. Anti-mouse thymic lymphocyte antigen (MTLA) serum was raised 
in goats by the method of Sauser et al. (24), and was specific for T cells by a variety of tests 
(data not shown). T cells were depleted from spleen cell populations by treating twice with 
an t i -MTLA plus rabbit complement.  Spleen cells were incubated with an t i -MTLA serum (1: 
10) for 30 min at 4°C, followed by incubation with rabbit complement (1:5) for 45 min at 
37°C. 

Anti-Lyt- 1.2 and anti-Lyt-2.2 sera, generously provided by Dr. Harvey Cantor, were prepared 
according to Shen et al. (25) and were specific for the appropriate Lyt alloantigen by a number  
of criteria, which included reduction of eytotoxic titer after absorption of the anti-Lyt sera with 
the appropriate B6 congenic strains, negative staining with the appropriate B6 congenic cells, 
and patterns of fluorescence that were identical to those obtained with monoclonal antibodies 
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of anti-Lyt specificity (data not shown). For determination of Lyt phenotype, cells were 
incubated with anti-Lyt-l.2 (1:30) or anti-Lyt-2.2 (1:60) serum for 30 min on ice. After staining 
with fluoresceinated anti-Ig (1:20) for 30 rain at 4°C, the cells were resuspended in medium for 
analysis with the fluorescence-activated cell sorter (FACS II, Becton Dickinson & Co., Mr. 
View, Calif.). In some instances the cells were preabsorbed with 10% human heat-aggregated 
serum to reduce Fc binding, which was not found to affect the staining patterns. 

Resul ts  

Proliferative and Cytolytic Properties of Cloned T Cell Lines. Primary B6 anti-DBA/2 or 
A / J  anti-DBA/2 MLC cells were collected after 14 d of culture and restimulated at 
low density with irradiated DBA/2 alloantigen (responder cell:stimulator cell ratio of 
1:7). Secondary MLC cells were cloned 48 h after restimulation by limiting dilution 
in microwells with irradiated DBA/2 cells and either MLC or LCA SF. Clones of  cells 
appeared 6-9 d after culturing, and all wells were screened for the expression of 
cytolytic activity. Cell clones of interest were recloned with conditions yielding growth 
in <5% of the cloning wells and maintained by weekly passaging with irradiated 
alloantigen and either MLC or LCA SF. When the cell clones had been maintained 
in culture for >1 mo after recloning, the proliferative and cytolytic properties of 
several cell clones were measured. 

Cell clones were cultured with irradiated DBA/2 alloantigen and either culture 
medium or LCA SF, and assayed at various intervals for cell recovery, [3H]TdR 
incorporation, and cytolytic activity (Fig. 1). Cell lines L3 and B 18, of  B6 origin, and 
C25, of A / J  origin, did not proliferate appreciably when cultured with the original 
stimulating DBA/2 alloantigen unless either LCA SF (Fig. 1 d and e) or MLC SF 
(data not shown) was added. Peak [3H]TdR incorporation was observed on day 5, 
whereas total viable cell recoveries peaked between days 5 and 7 compared with the 
initial addition of 1.6 × 10 4 clone cell/culture. Expressed in terms of lytic units per 
culture with P-815 (H-2 d) mastocytoma as the target ceil, the cytolytic activities of 
cell lines L3, B18, and C25 cultured with alloantigen and LCA SF were 109- to 330- 
fold greater than the lytic activity of  cells cultured only with alloantigen (Fig. 1 f). 
When expressed in terms of lytic units per 106 cells recovered from culture, however, 
the amount of cytolytic activity generated in cultures that contained alloantigen and 
either culture medium or LCA SF was, on a cell-cell basis, nearly identical (20). 
Therefore, the cytolytic activities of  L3, B18, and C25 are related primarily to the 
number  of cells developing during culture. 

On the other hand, cell lines L2 and Fal3,  of B6 origin, and C14, of A / J  origin, 
proliferated when cultured with DBA/2 alloantigen and culture medium (Fig. 1 a). 
The cell lines uniformly reached peak levels of  [3H]TdR incorporation after 3 d of  
culture, whereas, paradoxically, total viable cell recoveries increased up to 5 d, and 
declined thereafter. The inclusion of LCA SF significantly increased the proliferative 
response of the cell lines while not affecting the kinetics of the response (Fig. 1 b). 
Although L2, Fal3,  and C 14 cells proliferated in culture, these cells never expressed 
any detectable cytolytic activity (Fig. 1 c). The  addition of Con A to a 5~Cr release 
assay to promote nonspecific lysis (26) did not result in significant cytolytic activity 
(data not shown). 

All of  the cell lines isolated, both cytolytic and noncytolytic, were diploid in nature 
and expressed the Thy-l .2  antigen (data not shown). The expression of Lyt-1 and 
Lyt-2 alioantigens was measured both by indirect immunofluorescence (Fig. 2) and 
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Flo. 1. Proliferative and cytolytic properties ofT cell clones. MLC were established by transferring 
1.6 X 104 cloned noncytolytic (L2, Fal5, Cl4 [a-c]) or eytolytic (L3, B18, C25 [d-f]) T cells to 3-ml 
tissue culture wells 7-8 d after previous transfer. Each well contained irradiated DBA/2 spleen cells 
and either 33% LCA SF (- - -) or culture medium (--). Cells were collected from individual wells 
after various periods of culture and assayed for viable cell recovery (a, d), [3H]TdR incorporation 
(b, e), and cytolytic activity (lyric units per culture) (c, f). The mean value obtained from duplicate 
cultures is shown. 

a b s o r p t i o n  ( d a t a  no t  s h o w n ) .  T h e  cy to ly t i c  cell  l ines  L3 a n d  B18 were  d e t e r m i n e d  to 

b e  L y t - l - , 2  + (Fig. 2 b - c ) .  T h e  n o n c y t o l y t i c  L2 cells were  L y t - 1 - , 2 -  (Fig. 2 d) ,  w h e r e a s  

t he  n o n c y t o l y t i c  F a l 3  a n d  F a l 5  cells we re  L y t - l + , 2  - (Fig. 2 e  a n d  f).  T h e  F a l 3  cell  
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F~o. 2. Expression of Lyt alloantigens. Cell clones were grown in MLC with irradiated DBA/2 
alloantigen and SF. After 4-6 d of culture, viable cells were collected by sedimentation of dead cells 
and debris through Ficoll (Pharmacia Fine Chemicals, Inc.) -Hypaque (Winthrop Laboratories, 
New York). Incubation with anti-Lyt-l.2 (1), anti-Lyt-2.2 (2), or normal B6 serum (3) was followed 
by staining with a fluoresceinated anti-Ig. The FACS II was used to quantitate the immunofluores- 
cent staining. (a) B6 thymus cells, (b) L3 cells, (c) BIB cells, (d) L2 cells, (e) Fal3 cells, (f) Fal5 cells. 

line (Fig. 2 e) expressed high levels of  the Lyt-1 ant igen compared  with thymocytes  
(Fig. 2a) or Fa l5  cells (Fig. 2f) .  

The  noncytolyt ic  cell lines L2, Fa 13, and C 14 proliferate in response to al loantigen 
s t imulat ion in the absence of  any added  SF. T o  examine  the specificity of  s t imulat ion,  
the proliferative responses of  the noncytolyt ic  cell lines were measured in cultures 
prepared  with various s t imulat ing spleen cell populations.  

Specificity of Proliferation of Noncytolytic Cell Lines. T h e  peak proliferative resonses of  
the noncytolyt ic  cell lines L2, Fal3 ,  Fal5 ,  and C14 were measured in M L R  prepared  
with irradiated spleen cells bear ing different H-2 and  Mls antigens (Fig. 3). L2, Fa l3 ,  
and  Fa l5  cells, all of  B6 (H-2 b, Mls b) origin, prol iferated when cul tured with the 
original s t imulat ing D B A / 2  (H-2 d, Mls a) spleen cells or with A K R / J  (H-2 k, Mls a) 
spleen cells that  are identical to DBA/2  cells at the Mls but  different at H-2 
(st imulation index from 6 to 82). Cul ture  of  the cell lines, however,  with spleen cells 
syngeneic at the Mls b but  identical with the H-2 of  D B A / 2  (B 10.D2 or BALB/c ,  H-  
2 d) or A K R / J  (B 10.BR, H-2 k) spleen cells resulted in levels of  [3H]TdR incorporat ion 
equivalent  to the background  responses obta ined  with syngeneic B6 (H-2 b, Mls b) 
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F~c. 3. Specificity of MLR responses exhibited by the noncytolytic T cell clones. The noncytolytic 
T cell clones L2, Fal3, Fal5, and C14 (104), obtained 7-8 d after previous transfer, were cultured 
with 106 irradiated spleen cells of differing H-2 and Mls phenotype in microwell cultures for 2-4 d. 
Cultures were pulsed with 1 ~Ci [3H]TdR for 4 h and then collected onto filter-paper strips for 
counting. Peak values are shown for [aH]TdR incorporation and are expressed as mean disintegra- 
tions per minute :t: SEM for triplicate cultures. Results are shown from a representative experiment 
repeated three times. 

spleen cells. W h e n  the cell lines were cu l tu red  with  C 3 H / H e J  (H-2 k) or A / J  (H-2 a) 
spleen cells expressing weakly s t imula t ing  Mlsc de te rminants ,  M L R  responses were 
sl ightly higher.  M L R  responses, however,  ob ta ined  with  C B A / J  (H-2 k, Mls d) spleen 
cells were equivalent  to or h igher  than  those ob t a ined  with D B A / 2  and  A K R / J  
spleen cells. 

The  M L R  responses of  an A / J - d e r i v e d  cell line, C14 (H-2 a, Mist),  were s imilar  to 
those of  the o ther  cell lines, except tha t  C 14 cells also prol i fera ted  when cu l tu red  with  
Mls b spleen cells (BALB/c ,  B10.BR, and  B10.D2) wi th  the except ion of  B6 spleen 
cells (Fig. 3). C14 cells d id  not prol i ferate  when cu l tu red  with spleen cells expressing 
syngeneic Mls ¢ de te rminan t s  ( C 3 H / H e J ,  H-2 k) (A/J ,  H-2a). Cloned  L2, F a l 3 ,  F a l 5 ,  
and  C 14 cells, therefore,  a p p e a r  to react towards  Mls de te rminan t s  independen t ly  of  
H-2 as there is no cell prol i fera t ion when cu l tu red  with  syngeneic Mls spleen cells. 

T h e  Mls react iv i ty  of  the  noncytolyt ic  cell lines was fur ther  invest igated with 
representat ive  L2 cells. Because Mls  de te rminan t s  are expressed p r imar i ly  on B cells 
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FIG. 4. MIs reactivity of the noncytolytic L2 cell clone. L2 cells (104), obtained 7-8 d after previous 
transfer, were cultured in microwells that contained 106 irradiated B6 spleen cells, DBA/2 spleen 
cells, BDF1 spleen cells, DBA/2 T cells, or T cell-depleted DBA/2 spleen cells, and 33% LCA SF or 
culture medium. After 3 d of cuhure, each culture was pulsed with 1 #Ci [aH]TdR for 4 h, then the 
cells collected onto fiher-paper strips and counted. Results shown are from a representative 
experiment repeated twice and are expressed as mean disintegrations per minute ± SEM for 
triplicate cultures. 

(27), L2 cells were cultured with nylon-wool-enriched T cells, T cell-depleted spleen 
cells, or whole D B A / 2  spleen cells. Peak M L R  responses are shown in Fig. 4. 
Compared  with cultures of  L2 cells prepared with B6 spleen cells, significant prolif- 
erative responses were observed when L2 cells were cultured with whole or T cell- 
depleted DBA/2  spleen cells (stimulation index of  33 and 34, respectively), but  not 
when cultured with D B A / 2  T cells (stimulation index of  1.3). The  addit ion of  
syngeneic adherent  cells to these cultures did not reconstitute the proliferative response 
of  L2 cells (data not shown). The  culture of  L2 cells with D B A / 2  T cells in the 
presence of  L CA SF, however, increased [aH]TdR incorporat ion 88-fold, which 
indicates the ability of  the irradiated D B A / 2  T cell-enriched st imulat ing cells to 
function as feeder cells. The  proliferation o f  L2 cells was not a result ofbacks t imula t ion  
by the irradiated st imulat ing cells because L2 cells proliferated equally well whether  
cultured with BDF1 spleen cells, T cell-depleted DBA/2  spleen cells, or with whole 
DBA/2  spleen cells. The  noncytolyt ic  cell lines, therefore, appear  to proliferate 
specifically in response to Mls stimulation. 

Specificity of Cytolytic Cell Lines. The  cytolytic specificity o f  the cloned cell lines was 
determined by lysis of  spleen cell Con A blasts and tumor  target cells bearing different 
alloantigens. Several patterns of  reactivity were observed (Table I). Cloned L3 and 
A6 cells lysed target cells bearing H-2D d, whereas cloned B18 and C25 cells lysed 
target cells bearing H-2K d. Cell line (225 also lysed H-2 k tumor  cells (AKR-A),  but  
not H-2 k Con A blasts, which suggests that  the lysis of  A K R - A  tumor  cells by C25 
cells is not a result of  H-2 k reactivity. Cell lines L3, B 18, and  C25 lysed 50% of  10,000 
P-815 target cells bearing the original s t imulat ing alloantigens (H-2 d) at effector: 
target cell ratios of  0.3, 0.5, and 1.7, respectively. 

In  contrast, several cloned cell lines express cytolytic activity not specifically 
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TABLE II 
Expression of Cytolytic Activity Is Amplified by Antigen-Specific Stimulation of Amplifier T Cells 
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Stimulator spleen H-2 Mls Responding cells per culture Amplifica- 
cells L2 L3 L2 + L3 tion 

B6 b b 0.0" 1 3 3:[: 
C3H/HeJ k c 0.0 l 4 4 
AKR/j k a 0.0 2 104 52 
BALB/c d b 0.0 7 12 2 
DBA/2 d a 0.0 6 124 21 

L2 cells and/or L3 cells (1.6 × 104) were cultured with 6 × 106 irradiated (1,400 rad) spleen cells in 1.6 
ml total culture medium. After 5 d of incubation, cytolytic activity per culture was measured in a 3.5-h 
SJCr release assay with P-815 tumor target cells. Results are shown from a representative experiment 
repeated four times. 

* Lytic units per culture. 
:~ Ratio of lyric units per culture determined for cultures of L2 + L3 cells compared with lytic units for 

cultures of L3 cells alone. 

directed towards H - 2 K  d or H-2D d alloantigens. Cell lines A4, B8, G14, and E11 lysed 
both H-2 k and H-2 a target cells. Cell line G20 lysed syngeneic RBL5 tumor  target 
cells as well as all other target cells, whereas cell lines A2, B6, and C16 lysed only 
tumor  target cells and not the equivalent Con A blasts. Two of  the cell lines, G 14 and 
G20, lysed both  Lewis and BN rat spleen cell Con A blasts in addit ion to several 
murine target cells. 

Amplifier T Cell Augmentation of the Cytolytic Response. Cloned noncytolytic and 
cytolytic cell lines were cultured together with irradiated spleen cells in the absence 
of  SF to s tudy the possible amplifier activity of  the noncytolytic cell clones. Tab le  II  
shows the results obtained in a representative experiment in which cloned noncytolytic 
L2 cells and cytolytic L3 cells, bo th  of  B6 origin, were cultured with different 
st imulating spleen cells. Cytolytic activity per culture was measured with P-815 (H- 
2 d) target tumor  cells because the expression of  cytolytic activity by cloned L3 cells is 
directed towards H-2D d alloantigens. 

Cloned L3 cells cultured with only irradiated spleen cells expressed low levels of  
cytolytic activity, which was greatest in cultures that  contained H-2 d spleen cells. 
However,  cultures of  L2 and L3 cells together with irradiated spleen cells bearing 
Mls a antigen ( A K R / J ,  DBA/2) ,  which stimulate proliferation of  L2 cells, developed 
high levels of  cytolytic activity (amplification from 20.7 to 57.7 times). Both prolif- 
eration of  L2 cells a n d  amplification of  cytolytic activity was dependent  upon 
stimulation by Mls antigens rather  than by antigens of  the major  histocompatibil i ty 
complex (MHC).  Cul ture  of  L2 and L3 cells with irradiated spleen cells (B6, B A L B /  
c, C 3 H / H e J )  that  did not stimulate proliferation of  L2 cells resulted in low levels of  
cytolytic activity per culture (amplification from 1.7 to 3.8 times). Comparab le  results 
were obtained when L3 cells, before culture with L2 cells, were mainta ined with 
syngeneic spleen cells to avoid the transmission of  allogeneic s t imulat ing cell antigens. 
Regardless of  the H-2 haplotype of  the s t imulat ing spleen cells, the cytolytic specificity 
of  L3 cells was always directed against H-2D a alloantigens (data not shown). Prolif- 
eration of  cloned L2 cells st imulated by the appropr ia te  Mls alloantigen can, therefore, 
amplify the expression of  cytolytic activity by cultures that  contain cloned cytolytic 
L3 cells. Judged  by their ability to promote  L3 cell proliferation, several other  cloned 
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TAnLE III 

Irradiation Sensitivity of Cell Lines 

Responding cells LCA SF [aH]TdR incorporation* Lytic units per 
culture~ 

L2 - 23,186 + 1,724 0.0 
+ 59,523 4- 5,918 0.0 

L2 (1,500 rad) - 654 + 66 ND 
+ 2,343 4- 88 ND 

L3 - 668 4- 48 8 4- 0.4 
+ 139,600 4- 4,749 1,486 +- 146 

L3 (1,500 rad) - 453 + 47 0.01 
+ 413 ± 38 0.01 

L2 + L3 - 77,077 4- 9,058 241 +_ 19 
L2 (1,500 rad) + L3 - 48,758 ± 1,325 119 ± 4 
L2 + L3 (1,500 rad) - 18,826 ± 1,277 0.01 

* L2 and/or L3 cells (104; 4- 1,500 rad) were cultured with 106 irradiated (1,400 rad) DBA/ 
2 spleen cells in 0.3 ml total medium. After 3 d of incubation, cultures were pulsed with 1 
#Ci of [3H]Tdr for 4 h. Results are expressed as mean disintegrations per minute 4- SEM for 
triplicate cultures. 

:1:L2 cells and/or L3 cells (1.6 × 104 _ 1,500 rad) were cultured with 6 × 106 irradiated 
(1,400 rad) DBA/2 spleen cells in a total of 1.6 ml culture medium. After incubation for 5 
d at 37°C, cytolytic activity per culture was measured in a 3.5-h 51Cr release assay with P- 
815 tumor target cells. Results are expressed as mean lytic units per culture 4- SEM for 
triplicate cultures. 

noncy to ly t i c  T cell  l ines (Fa l3 ,  F a l 5 ,  C14) tha t  f unc t i on  as a m p l i f i e r  cells h a v e  been  

ident i f ied;  all  noncy to ly t i c  a m p l i f i e r  T cell  c lones i so la ted  thus  far  p ro l i f e ra t e  in 

response to Mls  s t imula t ion .  

Irradiation Sensitivity of Cell Lines. C l o n e d  T cell  l ines L2 a n d  L3 were  c u l t u r e d  

separa te ly  or  t oge the r  w i t h  i r r a d i a t e d  D B A / 2  a l l o a n t i g e n  in the  p resence  or  absence  

o f  L C A  SF. In  some  cases, L2 cells o r  L3 cells were  exposed  to 1,500 r ad  o f  g a m m a  

r a d i a t i o n  before  the  in i t i a t ion  o f  cu l ture .  Peak  M L R  a n d  cy to ly t i c  responses  o b t a i n e d  

in a r ep re sen t a t i ve  e x p e r i m e n t  a re  shown  in T a b l e  III .  In  t he  absence  o f  L C A  SF,  L2 

ceils c u l t u r e d  w i t h  a l l oan t i gen  p ro l i f e r a t ed  bu t  d id  no t  express cy to ly t i c  ac t iv i ty ,  

whereas  the  inc lus ion  o f  L C A  SF inc reased  the  M L R  response  1.6-fold. D e p e n d i n g  

u p o n  w h e t h e r  L C A  SF was i n c l u d e d  or  not ,  i r r a d i a t i o n  o f  L2 cells r e d u c e d  the  M L R  

responses 96 a n d  97%, respect ively .  L3 cells c u l t u r e d  wi th  a l l o a n t i g e n  a lone  d id  no t  

p ro l i fe ra te  a n d  expressed on ly  low levels o f  cy to ly t i c  ac t iv i ty ,  whe reas  t he  a d d i t i o n  o f  

L C A  SF to cu l tures  t ha t  c o n t a i n e d  L3 cells a n d  a l l o a n t i g e n  inc reased  the  M L R  a n d  

cy to ly t i c  responses 208- a n d  192-fold, respect ive ly .  I r r a d i a t e d  L3 cells, however ,  d id  

not  p ro l i f e ra te  or  express cy to ly t i c  a c t i v i t y  w h e n  c u l t u r e d  w i t h  a i l oan t i gen  a n d  L C A  

SF. 

W h e n  L3 cells were  c u l t u r e d  w i t h  L2 cells a n d  a l l oan t igen ,  the re  was a 29-fold 

increase  in cy to ly t ic  ac t iv i ty  pe r  cu l tu re  c o m p a r e d  wi th  L3 cells c u l t u r e d  wi th  

a l l oan t igen  alone.  In  such cu l tu res  p r e p a r e d  w i t h  i r r ad i a t ed  L2 ceils, the  cy to ly t i c  

response o f  L3 cells was increased  14-fold. No  d e m o n s t r a b l e  cy to ly t i c  ac t iv i ty  devel -  

o p e d  in such cu l tures  w h e n  L3 cells, r a t h e r  t h a n  L2 cells, were  i r r ad ia t ed .  T h e  

p ro l i f e ra t ive  response  m e a s u r e d  in cu l tures  t ha t  c o n t a i n e d  L2 cells, L3 cells, a n d  

a l l oan t i gen  was e q u i v a l e n t  to the  sum o f  the  p ro l i f e ra t ive  responses  obse rved  in 
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TAnLE IV 
Amplifier Cell Help Is Mediated by Soluble Factors 
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Culture Upper chamber~ Lower chamber Lytic units per 
vessel* culture 

1 DBA 0 
L3/DBA 3 

2 --  0 
L2 + L3/DBA 185 

3 L2/DBA 0 
L3/DBA 135 

4 L3/DBA 65 
L2/DBA 0 

5 L3/LCA SF 152 
DBA 0 

* Cultures were established in Marbrook culture vessel chambers separated by a 0.2 
#m membrane filter. L2 and/or L3 cells were cultured with irradiated DBA/2 
spleen ceils for 5 d, after which time the cells were collected and cytolytic activity 
per chamber was measured in a 3.5-h ~lC.r release assay with P-815 tumor target 
cells. Where indicated, LCA SF was included at a final concentration of 33%. 
Results are shown from a representative experiment repeated three times. 

cultures prepared with irradiated L2 cells, normal  L3 cells, and alloantigen and 
cultures prepared with normal  L2 cells, irradiated L3 cells, and alloantigen. The  
cloned noncytolytic L2 cells, therefore, function as amplifier T cells that,  when 
cocultured with cloned cytolytic L3 cells and alloantigen, stimulate L3 cell prolifera- 
tion with a concommitan t  increase in the expression of  cytolytic activity per culture. 
The  proliferation of  L2 cells is sensitive to irradiation, but  the L2 cell amplifier 
function is radioresistant. Both proliferation and expression of  cytolytic activity 
activity by L3 cells are radiosensitive. To  determine whether  L2 cell amplification of  
the L3 cell cytolytic response was mediated via soluble factors or cell-cell interactions, 
we measured cytolytic activity when L2 cells and L3 cells were physically separated 
in Marbrook  culture vessels. 

Mode of Amplification. Various combinat ions  of  L2 cells, L3 cells, and alloantigen 
were cultured in Marbrook  culture chambers  separated by a 0.2-/~m membrane  filter. 
After 5 d of  culture, the contents o f  each chamber  were assayed for cytolytic activity. 
Table  IV shows the lytic units per chamber  observed for various combinat ions of  L2 
and L3 cells with alloantigen. The  culture of  L3 cells with L2 cells and  alloantigen in 
the lower chamber  (culture 2) resulted in a 61-fold increase in cytolytic activity 
compared  with L3 cells cultured with alloantigen alone (culture 1). The  culture of  L2 
cells with alloantigen in the upper  chamber ,  however, resulted in a 44-fold increase in 
the expression of  cytolytic activity by L3 cells cultured with alloantigen in the lower 
chamber  (culture 3). Reversing the location of  cells, the culture of  L3 cells in the 
upper  chamber  and L2 cells in the lower chamber,  both with alloantigen, also resulted 
in a significant increase in the expression of  cytolytic activity by L3 cells (culture 4). 
The  integrity of  the membranes  in these experiments was shown by the fact that  
cytolytic activity could not be demonstra ted in the lower chamber  of  culture 4, which 
indicates that L3 cells did not leak downards,  nor L2 cells upwards. Whereas L3 cells 
require splenic feeder cells for proliferation and the expression of  cytolytic activity 
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TABLE V 

Comparison of SF 

T cell-de- 
Responding SF pleted stimu- Lytic units per 

cell lator cells culture 

L3 Culture medium + 2 
MLC SF + 227 
LCA SF + 453 
L2 SF* + 48 

L3 Culture medium + 2 
L2 SF:]: + 16 
L2 SF:]: - 1 

L3 cells (1.6 × l04) were cultured with 6 × 106 irradiated (1,400 rad) T cell- 
depleted DBA/2 spleen cells and 33% 48-h MLC SF, LCA SF, L2 SF, or an 
equivalent volume of culture medium, in a total vol of 1.6 ml. Cytolytic 
activity per culture was measured after 5 d of incubation in a 3.5-h ~'Cr 
release assay with P-815 tumor target cells. Results are shown from two 
representative experiments repeated two times each. 

* L2 SF collected from cultures of L2 cells prepared with irradiated DBA/2 
spleen cells. 

:~ L2 SF collected from cultures of L2 cells prepared with irradiated T cell- 
depleted BDFI spleen cells. 

(20), cu l ture  5 shows tha t  direct  in terac t ion  be tween feeder cell and  L3 cell is not  
required.  Ra ther ,  this effect is m e d i a t e d  by  soluble factors. Therefore ,  cul tures  o f  L2 
cells s t imula ted  by  Mls ant igens  secrete soluble factor(s) tha t  ampl i fy  the  pro l i fe ra t ion  
and  expression of  cytolyt ic  ac t iv i ty  by  L3 cells. 

This  was fur ther  shown by the ab i l i ty  o f  SF collected from cul tures  o f  L2 cells 
p repared  with i r r ad ia ted  D B A / 2  spleen cells to ampl i fy  the  L3 cell cytolyt ic  response 
(Table  V). L2 SF was collected af ter  48 h of  cu l ture  and  c o m p a r e d  with  the  ab i l i ty  of  
48-h M L C  SF and  L C A  SF, and  cul ture  med ium,  to enhance  the expression of  L3 cell 
cytolyt ic  act ivi ty  when cu l tured  with  T cel l -depleted a l loant igen.  The  d a t a  from a 
representa t ive  exper iment  is shown in T a b l e  V. T h e  add i t ion  of  L2 SF to cultures of  
L3 cells with a l loant igen  resulted in a 23-fold increase in cytolyt ic  act ivi ty  per  cu l ture  
c o m p a r e d  with the add i t ion  of  cul ture  medium.  The  add i t ion  of  M L C  SF or L C A  SF 
resulted in 112- and  225-fold increases in cytolyt ic  act ivi ty,  respectively.  T h e  differ- 
ences in ampl i f ica t ion  of  cytolyt ic  act ivi ty  p roduced  by  the different SF m a y  relate  to 
the n u m b e r  of  cells requi red  for SF product ion.  T h e  M L C  SF and  L C A  SF were 
p roduced  by 1.8 × 106 or 12.5 × 106 responding  cells, respectively,  whereas an 
equivalent  amoun t  of  L2 SF was p roduced  by  only,105 L2 cells. L2 cell cultures,  
therefore, secrete soluble ampl i fy ing  factor(s) upon  specific Mls s t imulat ion.  

SF was also collected from cultures of  L2 cells (Lyt- 1-) p r epa red  with  i r r ad ia ted  T 
cel l -depleted BDF1 spleen cells (Table  V). In  a different series of  exper iments ,  such 
48-h L2 SF in the presence of  i r r ad ia ted  T cel l -depleted D B A / 2 ,  spleen cells were 
effective in p romot ing  L3 cell prol i fera t ion (sevenfold increase), which indicates  tha t  
the L2 cell ampl i fy ing  factor d id  not  act th rough  or require  an Lyt-1 + T cell present  
in the s t imula t ing  cell popula t ion .  Therefore,  an Lyt-1 + T cell is not  necessarily 
required for augmen ta t i on  of  cytolyt ic  act ivi ty,  a l though the possibi l i ty  that  L2 cells 
may  have lost the abi l i ty  to express Lyt-1 ant igens with cont inuous  in vitro cul ture  
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TABLE VI 

Interactions Between Amplifier and Cytolytic Cell Lines Are Nonspecific 

Amplifier cell Cytotytic cell Lytic units per culture 

L2 (B6, Lyt-1-) - -  0.0 
Fal3 (B6, Lyt-I ÷) - -  0.0 
Fal5 (B6, Lyt-I +) - -  0.0 
e l4  (A/J) - -  0.0 
- -  L3 (B6, Lyt-2 +) 7 ± 0.6 
L2 L3 393 + 68 
Fal3 L3 251 
Fal5 L3 166 ± 27 
C14 L3 238 ± 24 
- -  B18 (B6, Lyt-2 +) 1.6 ± 0.3 
L2 BI8 23 ± 2 
Fal3 BIB 48 
Fa15 B18 36 ± 1 
C14 BI8 66 ± 5 
- -  C25 (a/J) O .  1 

L2 C25 4.1 ± 0.7 
Fal5 C25 5.2 ± 0.9 
CI4 C25 4.6 ± 0.5 

Cloned amplifier and/or cytolytic cells (1.6 × 104) were cultured with 6 × 106 
irradiated (i,400 rad) DBA/2 spleen cells in 1.6 ml total culture medium. 
After 5 d of incubation, eytolytic activity per culture was measured in a 3.5-h 
SlCr release assay with P-815 (H-2 d) tumor target cells. Results are expressed 
as mean lyric units per culture ± SEM for triplicate cultures. 
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can not  be discounted.  However ,  the  presence of  i r r ad ia t ed  (non-T) spleen cells was 
requi red  for ampl i f ica t ion  o fcy to ly t i c  ac t iv i ty  by  the L2 SF, which indicates  an act ive 
role for the i r r ad ia t ed  spleen cells beyond  a passive one of  a l loant igen  presenta t ion .  
Recent  d a t a  would  indica te  tha t  the  i r r ad ia t ed  spleen cells release a short- l ived 
factor(s) that ,  in con junc t ion  with  our  SF,  suppor ts  the  growth  of  the  cytoly t ic  cell 
lines (C. T. Lutz.  Manusc r ip t  in prepara t ion . ) .  

Whereas  m a n y  of  the  c loned cell lines are  of  B6 origin, c loned ampl i f i e r  and  
cytolyt ic  T cell lines of  A / J  origin have also been isolated. W e  next invest igated the  
specificity of  ampl i f ie r  cell help  by  cu l tu r ing  c loned ampl i f i e r  cell lines wi th  c loned 
cytolyt ic  cell lines of  differ ing origin a n d  an t igen  specificity. 

Lack of Specificity in Interactions Between Cloned Amplifier and Cytolytic Cell 
Lines. Ampl i f i e r  cell lines react ive towards  Mls a de t e rminan t s  (L2, F a l 3 ,  F a l 5 ,  C14) 
and  cytolyt ic  cell lines specific for H-2D d (L3) or  H - 2 K  d (B 18, C25) a l loant igens  were 
cu l tu red  with  i r r ad ia t ed  H-2 d, Mls  ~ a l loant igen.  T h e  ampl i f i e r  and  cytolyt ic  cell lines 
were of  e i ther  B6 or A / J  origin. After  incuba t ion  for 5 d, cytolyt ic  ac t iv i ty  was 
measured  in a 51Cr release assay and  expressed in terms in lytic units pe r  cu l ture  
(Table  VI).  

T h e  expression of  cytolyt ic  ac t iv i ty  in cul tures  tha t  con ta ined  cytolyt ic  cell lines 
were increased >14-fold  by  the inclusion of  noncyto ly t ic  ampl i f i e r  cell lines. T h e  
cytolyt ic  ac t iv i ty  expressed by  each cell l ine r ema ined  specific for H-2D d or H - 2 K  d 
al loant igens,  whe ther  B6- or A / J - d e r i v e d  ampl i f i e r  cell lines were inc luded  (da ta  not 
shown). Ampl i f i e r  cell help,  therefore,  is not  an t igen  specific because  ind iv idua l  
ampl i f ie r  cell lines could  augment  equa l ly  well the  expression of  cytolyt ic  act ivi ty  by  
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H-2D a (L3)- or H-2K d (B 18, C25)-reactive cytolytic cell lines. Also, amplifier cell help 
was not H-2 restricted because B6-derived amplifier cell lines (L2, Fal3, Fal5) could 
augment the expression of cytolytic activity by an A/J-derived cytolytic cell line 
(C25), and vice versa. The expression of Lyt-1 alloantigens on the amplifier cell 
surface was not necessary for cooperation with cytolytic cell lines in the expression of 
cytolytic activity. L2 cells (Lyt-1-) were as effective as Fa 15 cells (Lyt-1 +) in amplifying 
the cytolytic response by cultures that contained cytolytic cell lines. The amplification 
of cytolytic activity by the cloned amplifier cell lines is, therefore, neither antigen 
specific nor H-2 restricted nor Lyt-1 dependent. 

Discussion 

The present study confirms previous reports that amplifier T cells can augment the 
expression of cytolytic activity in MLC (1-3), and extends those observations with 
cloned T cell lines rather than heterogeneous cell populations. Our results demonstrate 
that amplifier cell lines that are stimulated by Mls determinants secrete soluble 
factor(s), which, in turn, induce the proliferation ofcytolytic cell lines reactive toward 
the original sensitizing H-2 alloantigens, thereby amplifying the expression of cytolytic 
activity per culture. Functionally, the soluble amplifying factors are neither antigen 
specific nor H-2 restricted and are able to stimulate the proliferation of Lyt-2 + 
cytolytic cell lines in the absence of specific alloantigen. These results suggest a 
pathway in which products derived from amplifier cells responsive to Mls determi- 
nants produce polyclonal activation of primed CTL. 

The antigens that stimulate proliferation of the cloned amplifier T cell lines in the 
absence of SF appear to be Mls determinants, which are known to induce strong 
MLR responses (28). It is somewhat surprising that none of the four amplifier cell 
lines described are reactive towards H-2 alloantigens because cell populations that 
contain amplifier T cells are capable of augmenting the cytolytic response when 
stimulated by H-2 alloantigens in MLC (1, 2, 4). Both of the strain combinations 
used in our studies, A/J  anti-DBA/2 and C57 anti-DBA/2, involved H-2K + I or 
entire H-2 differences, respectively, as well as incompatibilities at the Mls. The Mls, 
which is not linked to H-2 or closely linked to any other histocompatibility locus, has 
four codominant determinants; Mls a'a are strongly stimulatory in vitro, Mlsc is much 
weaker, and Mls b may be nonstimulatory (28). The strongly stimulating Mls deter- 
minant, Mls a, is expressed on DBA/2 spleen cells and was involved in sensitization of 
the responding cells in vitro. A possible explanation is that our culture conditions for 
MLC sensitization of cells may not favor the development of H-2-reactive amplifier 
cell clones. Attempts to augment the expression of cytolytic activity toward H-2K 
antigens by including I-region stimulation have not succeeded with culture conditions 
similar to ours (29). An important difference here may be our use of FCS instead of 
the homologous mouse serum used by others in studying H-2 proliferative responses 
(30). Also, the kinetics of the proliferative responses toward Mls and H-2 alloantigens 
may be different, so that at the time of cloning there were greater numbers of Mls- 
responsive cells. 

A significant degree of cross-reactivity among Mls alloantigens was observed when 
the amplifier cell lines were cultured with spleen cells different from the Mls allotype 
of the original stimulating cell. The most consistent cross-reactivity in terms of cell 
proliferation occurred with Mls d. Little or no cross-reactivity occurred with Mls b or 
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Mls ¢ antigens with the exception of cell line C14, which exhibited strong MLR 
responses when cultured with Mls b spleen cells from strains other than B6. Similar 
findings have been reported by Peck et al. (31), who observed strong secondary MLR 
responses when purified T blast cells from primary MLC were cultured with spleen 
cells not sharing the Mls allele carried by the original stimulating spleen cells. On the 
basis of the observed MLR responses, we conclude that Mls determinants, like H-2 
alloantigens, are cross-reactive as a result of shared antigenic specificities that the 
amplifier cell clones recognize. The inability of B6 spleen cells (Mls b) to stimulate 
proliferation of cell line C14 may be a result of the lack of expression on the B6 cells 
of the particular Mls antigenic specificity recognized by C 14 cells. 

The  specificity of the cytolytic cell lines was quite varied. Several cell lines were 
specific for the H-2D- or H-2K-region alloantigens of the original stimulating cell. 
Other cell lines lysed target cells bearing different H-2 alloantigens. In some cases, 
this could be demonstrated only by using tumor target cells, whereas Con A blast 
target cells bearing comparable H-2 antigens were not lysed. Because many of the 
tumor target cells commonly used express viral antigens, the expression of new or 
altered antigenic structures on tumor cell surfaces may explain some of these results 
because allosensitized CTL can be cross-reactive towards allo-determinants and 
modified-self determinants (32). It is of interest that the antigenic determinants 
recognized by two cytolytic cell lines were expressed on both rat and mouse spleen 
cells. McKearn et al. (33) have reported similar cross-reactivity in these species with 
monoclonal antibodies directed against rat Ag-B antigens. Final determination of the 
antigenic specificities recognized by the cell lines will be accomplished by selective 
blocking of target cell lysis with antisera directed against known public and private 
specificities. 

It has been proposed that two signals are necessary for the induction of primary 
CTL responses in vitro. The first signal is provided by interaction of receptors on Lyt- 
2 + CTL precursors with sensitizing alloantigens, which are coded for primarily, but 
not exclusively, by the K and D regions of the MHC. A second signal is provided by 
a nonspecific stimulus that is delivered by amplifier cells (Lyt-1 ÷) activated, perhaps, 
by I-region determinants. The demonstration that nonspecific SF derived from MLC 
are able to amplify primary CTL responses is consistent with a two-signal model that 
involves soluble factors (5-12). In contrast, the second signal alone appears to be 
sufficient for the activation of secondary CTL responses (9-11). SF collected from 
mitogen- or antigen-stimulated spleen cell cultures are able nonspecifically to trigger 
cell proliferation and cytolytic activity of cells from secondary MLC in the absence of 
the original sensitizing alloantigen (9-11). By using this approach, it has been possible 
to maintain continuously proliferating cytolytic T cell lines in vitro (15-17). 

Our results are consistent with the view that specific alloantigen (signal 1) is not 
essential for proliferation of CTL. Cloned cytolytic L3 cells, specific for H-2D a 
alloantigens, proliferated and concomitantly expressed specific cytolytic activity when 
cultured with cloned amplifier L2 cells and irradiated third-party CBA/J  (H-2 k) 
spleen cells. In this combination, the CBA/J  spleen cells served as a source of Mls 
alloantigen that stimulated proliferation of L2 cells and the release of SF (signal 2). 
Levels of cytolytic activity were the same if L3 cells, before culture, were maintained 
with syngeneic spleen cells to avoid transmission of antigenic material that could be 
derived from allogeneic stimulating cells. These findings are in agreement with those 
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of Ryser et al. (9) and Wagner and Rollinghoff (11) who found that trypsin-treated 
alloimmune CTL responded to mitogen- or MLCoderived factors (signal 2) in the 
absence of alloantigen (signal 1) as readily as untreated cells. Immune T cells can, 
therefore, be stimulated to proliferate with the expression of cytolytic activity in the 
absence of signal 1 (alloantigen). 

The amplifying factor(s) collected from cultures of cloned amplifier cells and 
irradiated stimulating alloantigen appear to be functionally similar to the murine 
lymphokines reported by Ryser et al. (9) and Wagner and Rollinghoff (11) that 
promote cytolytic responses by secondary MLC cells in a polyclonal manner. These 
lymphokines, as well as the amplifying factor delivered by our cell lines, are neither 
antigen specific nor strain specific, and do not require specific alloantigen for the 
stimulation of immune T cells. However, our cloned cytolytic T cell lines are unlike 
those reported by other investigators in that they do not proliferate when cultured 
alone with amplifying SF (15-17, 19); irradiated splenic feeder cells are nonspecifically 
required in addition (20). Although culture with the original stimulating alloantigen 
and SF results in the greatest stimulation (20), spleen cells of all H-2 haplotypes tested 
supported the growth of the cytolytic cell lines when cultured with LCA SF (data not 
shown). Recent experiments would indicate that adherent accessory cells present in 
splenic feeder cell populations supply nonspecific labile factors that function together 
with amplifier cell-derived factors to stimulate proliferation of the cytolytic cell lines 
((3. T. Lutz. Manuscript in preparation.). Why our T cell lines should require SF and 
feeder cells for growth, whereas the other reported T cell lines require only SF, is 
unclear. In contrast to our method for deriving cloned cell lines, others (16, 19) have 
maintained bulk MLC cells with LCA SF alone and then cloned CTL after continued 
passaging in vitro. Maintenance of bulk MLC cells with LCA SF alone may provide 
selective pressure that favors those cell types that respond to LCA SF stimulation in 
the absence of feeder cells. 

Whereas the amplifying factor(s) delivered by the cell lines are neither antigen 
specific nor strain specific, antigen-specific stimulation of the amplifier cell lines is 
required for factor production. Our results show that the stimulus for production of 
amplifying factors can not be confined solely to I region-encoded antigens. I-region 
antigens of the MHC have been convincingly shown to augment cytolytic responses 
in vitro via stimulation of Lyt-1 + amplifier T cells (1, 2, 7, 11). Our amplifier cell 
lines, which were derived from MLC involving H-2 and Mls differences but are 
reactive towards Mls antigens, clearly demonstrate that Mls antigens can function in 
the augmentation of CTL responses. The data also establish that amplifier cell surface 
expression of Lyt-1 alloantigens is not required for augmentation of cytolytic activity. 
Whereas several systems in which amptificatibn ofcytolytic activity has been described 
involved MHC differences (1, 6-8, 11), many involved stimulation by MHC as well 
as Mls antigens (3, 9, 11, 12). Also, antigen stimulation is not essential for amplifying 
factor production because mitogenic stimulation of Lyt-1 + spleen cells can result in 
lymphokine production (11, 12, 34). The nature of the stimulating antigens responsible 
for amplifier effects can be determined conclusively only by using amplifier T cell 
clones. The isolation of amplifier cell clones, all of which are reactive toward Mls 
antigens, was a fortuitous event related to the particular experimental conditions 
employed, and we do not presume that only Mls antigens stimulate the amplification 
of cytolytic activity. Therefore, we are working to establish amplifier cell clones that 
are MHC reactive. 
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Cell clones isolated from immune responses will be very useful in characterizing 
those responses in terms of the participating cell types, the antigens to which they 
respond, and the soluble factors involved. The derivation of cell clones will also 
facilitate the manufacture of monoclonal antibodies directed against cell surface 
proteins and serve as useful probes for analysis of the receptor molecules involved in 
specific immune interactions. 

S u m m a r y  

Several T cell clones have been derived by limiting dilution of secondary mixed 
leukocyte culture cells stimulated by H-2- and M locus (Mls)-disparate spleen cells. 
When examined for the expression of cytolytic activity and the ability to proliferate, 
these cell clones can be classified into two major categories. One type of cell is 
noncytolytic; when cultured with irradiated spleen cells, such clones proliferate in 
response to Mls determinants. Some, but not all, of  these clones express Lyt-1 
alloantigens. The other type of cell is cytolytic; these clones do not proliferate when 
cultured with irradiated allogeneic spleen cells unless supernatant fluid (SF) is added. 
These cytolytic clones express Lyt-2 alloantigens. Some cytolytic clones are specific 
for H-2K d and others for H-2D d alloantigens. Still other cytolytic cell clones exhibit 
cross-reactive lysis of different H-2-bearing tumor and Con A blast target cells. 
Noncytolytic T cell clones, when stimulated by Mls antigens, were examined for their 
ability to promote proliferation of cytolytic T cell clones. All of the noncytolytic cell 
clones tested were able to promote proliferation of cytolytic cell clones with the 
concomitant expression of cytolytic activity directed toward the original stimulating 
alloantigen (H-2d). Amplification ofcytolyfic activity was dependent upon stimulation 
of the noncytolytic amplifier T cell clones by Mls antigens. Specific alloantigen (signal 
1), however, was not required for proliferation of the cytolytic cell clones; the 
amplifying signal (signal 2), delivered by the amplifier cell clones, was sufficient alone 
to promote proliferation of the cytolytic cell clones. Whereas proliferation of the 
amplifier cells was radiosensitive, the generation of the soluble amplifying signal was 
radioresistant. Amplification of cytolytic activity was observed when either amplifier 
cells were physically separated from responding cytolytic cells in Marbrook cultures 
or when cytolytic cells were cultured with SF collected from amplifier cell cultures. 
The amplifying factors were neither antigen specific nor strain specific and could be 
produced by Lyt-1- cells. The  availability of cloned T cell lines that retain specific 
biologic function offers unique opportunities to characterize cell surface proteins and 
cell-cell interactions. 
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