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Natura l  killer (NK) 1 cells are endowed  with  "spontaneous"  cytolyt ic  activity.  They  
can be recovered from normal  indiv iduals  and  express an ab i l i ty  to lyse cer ta in  types 
of  target  cells (1, 2). When  ob ta ined  under  no rma l  condit ions,  N K  cells can be shown 
to represent  a cel lular  subset with typical  morphologica l  and  surface markers  dist in-  
guishing them from any o ther  classical cell type (3-5). N K  cells have a t t r ac t ed  great  
a t ten t ion  due to their  ab i l i ty  to preferent ia l ly  lyse mal ignant ,  c o m p a r e d  with  normal ,  
cells of  the same histogenetic  origin (6, 7). Fur the rmore ,  N K  cells d isp lay  an ab i l i ty  
to react against  more pr imi t ive  cells wi th in  the body,  no t ab ly  bone  mar row stem cells 
(6) and  can function as a major  resistance bar r ie r  against  bone mar row grafts (8). 

When  using ac t iva ted  cell popu la t ions  in vitro, the s i tua t ion  becomes compl i ca t ed  
and  controversial .  It  has been suggested that ,  as measured  by target  cell specificity in 
cytolysis, monocyt ic  (9) as well as T cell lines d isp lay  N K  activity.  Cyto ly t ic  T cell 
lines have also been repor ted  to lose their  ant igen-specif ic  lytic ab i l i ty  while at the 
same t ime acqui r ing  NK-l ike  act ivi ty  (10, 11). In other  s i tuat ions cell lines tha t  
behaved  like N K  cells have been obta ined ,  bu t  had  par t i a l ly  different specificity 
profiles (11). Argument s  have also been put  forward advoca t ing  that  N K  cells may  or 
may  not express clonal ly  der ived receptors with vary ing  specificities (12, 13). 

We  believe tha t  our present  results together  wi th  those ob ta ined  from b ind ing  
studies by ano ther  group (14) can solve this by  demons t r a t ing  the presence, in 
ac t iva ted  cells, of  two receptors with different specificities for target  killing. 

M a t e r i a l s  a n d  M e t h o d s  
Rats. DA rats (RTla), BN rats (RTln), and L. BN rats (RTI") were bred and maintained 

in our own colony, 
Tumors. PI and P2 sarcomas were induced in DA rats using dimethylbenzanthracene 

(DMBA) as described (15). Tumors were maintained in vivo by injecting single-cell suspensions 
subcutaneously into DA rats or alternatively grown in vitro in RPMI 1640 complemented with 
10% fetal calf serum (FCS). Pl-clones 9 and 10 were established by limiting dilution and 
selected for their susceptibility or resistance for Pl-specific cytotoxic T cells as described (16). 
The PM tumor represents a spontaneous sarcoma from L.BN rats kept in vitro and in vivo in 
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FI~. 1. P1 and P2 are DMBA induced sarcomas in DA rats. PM represents a spontaneous sarcoma 
in L.BN rats. P1 tumor cells were cloned and recloned by limiting dilution. Tumor cells from P1 
clone 9 are susceptible and tumor cells from P1 clone 10 are resistant to lysis by DA anti-Pl-specific 
killer T ceils (16). Such cytolytic T cells clones are established as described under Material and 
Methods. Six different clones (1-6) were used for CML as described in Material and Methods using 
an effector/target cell ratio of 5:1. 

syngeneic animals  as described for P1 and  P2. The  characteristics of the t umor  cell lines have 
been described elsewhere (15, 16). The  h u m a n  cell line K562 and  mouse l y m p h o m a  YAC-I  
were kept in vitro using Iscove's med ium complemented  with 10% FCS. 

Preparation of Lymphoid Cell Suspensions and Rat T Lymphocytes. Rats  were killed over ca rbon  
dry ice. Spleen and  lymph nodes were aseptically removed. Single-cell suspensions were 
prepared in phosphate-buffered saline (PBS) (Ca ++ and  M g  +÷ free) using a stainless steel mesh. 
Erythrocytes were lysed by  hypotonic  shock using 0.9 ml of distilled water  for 2 s followed by 
0.1 ml of 10-times concent ra ted  PBS. T lymphocytes were purified on 1.5 × 10 cm Ig ant i - Ig 
columns (17) using sterile glass beads 80-120 mesh (Serva, Heidelberg,  Federal  Republ ic  of 
Germany) .  

Preparation of T Cell Growth Factor (TCGF; Concanavalin A Supernatant). Rat  spleen cells were 
cul tured in Eagles high amino  acid (EHAA) med ium (18) complemented  with 0.5% fresh 
normal  BN rat  serum and  5 X 10 -~ M 2-mercaptoethanol  (2-ME) and  s t imulated with 5/~g/ml 
of concanaval in  A (Pharmacia  Fine Chemicals,  Uppsala ,  Sweden). 40 ml of a suspension 
conta in ing  5 X l0 s cells per  ml were cul tured in a 3024 Falcon tissue tissue cul ture  flask (Falcon 
Labware,  Div. of Becton, Dickinson & Co., Oxnard ,  CA), and  the superna tan t  was harvested 
48 h later. 

Restimulation of Primed DA T Lymphocytes with Antiidiotypic Antibodies. DA rats were immunized  
by six subcutaneous  injections of 2 × 107 12,500-rad i r radiated P1 sarcoma cells at  2-wk 
intervals. T lymphocytes from pr imed rats were s t imulated with ant i idiotypic  ant ibodies  in 
3013 Falcon tissue cul ture  flasks using EHAA medium complemented  wi th  5 × 10 -s M 2-ME 
and  0.5% fresh normal  BN rat serum as described (15). Anti idiotypic  an t i serum was used at 
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FIG. 2. DA anti-P cytolytic T cell clones 1-6 were confronted with 5~Cr-labeled target cells of P I 
clone 9 (A) at an effector/target cell ratio of 5: i. Unlabeled tumor cells from P1 clone 9 were used 
for cold target inhibition at ratios of cold/hot target of 100:1 (B), 50:1 (C), 25:1 (D), and 1:1 (E). 
The same type of experiment was performed using unlabeled cells from P1 clone 10 at ratios of 
100:l (F), 50:l (G), 25:1 (H), and 1:1 (I). 

concentrations of 0.2%. Each flask contained 15 ml of a suspension containing 1.25 X 106 cell/  
m[. 

Clonzng ofPl-specific Cytotoxic T Cells. In vitro restimulated DA T lymphocytes (see above) 
were collected on day 6 of culture and purified over Ficoll-Paque (19). Cells were expanded on 
DA macrophages and TCGF in the following way: Macrophages were harvested from the 
peritoneal cavity of DA rats, washed once, and irradiated with 2,500 rad. Macrophages 
obtained from one rat were distributed over three 3013 tissue culture flasks and cultured in 5 
ml EHAA-medium complemented with 10% FCS, 5 X 10 -5 M 2-ME, and 20% TCGF for 24 
h. 10 ml of a suspension containing 1.25 × 106 purified restimulated T cells (see above) in 
EHAA medium complemented with 10% FCS, 20% TCGF, 5 X 10 -~ M 2-ME, and 0.05% 
antiidiotypic antiserum was added to each flask. Cells were harvested 1 wk later and cloned 
and recloned on syngeneic macrophages by limiting dilution (16). Cytotoxic clones were selected 
and expanded as described above. 

Cell-mediated Cytotoxicity Assay (CML). C M L  was performed in round-bot tomed microtiter 
plates (Cook M24 ART; Greiner, Nuertingen, Germany) in 200 /11 EHAA medium comple- 
mented with 5 × 10 -~ M 2-ME and 5% heat-inactivated FCS. Assays were performed in 
triplicates with effector/target cell ratios as indicated in Figures using 104 SICr-labeled target 
cells. The latter were prepared as described previously (16). Plates were incubated for 6 h at 
37°C in 5% CO2 in air. 100/tl of the supernatant  was counted in the gamma counter. Percent 
cytotoxicity is expressed as 100 × [(experimental - spontaneous ~lCr release)/(maximal - 
spontaneous 5iCr release)]. 

Preparation of Antiidiotypic Antisera in DA Rats. DA anti-Pl-specific antibodies were purified 
on paraformaldehyde-fixed P1 sarcoma cells as described previously (15). 4 mg of purified anti- 
P 1 antibody was cross-linked with glutaraldehyde and injected together with complete Freund's  
adjuvant into 10 DA rats as described (20). The antiidiotypic nature of the harvested sera was 
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Fro. 3. Same type o f  experiment as described in the legend to Fig. 2, T cell clones 1-6 were tested 
against ~lCr-labeled tumor  cells from P] clone 9 (A). Unlabeled K562 tumor cells were used for cold 
target inhibition at ratios of  cold/hot  target of  100:1 (B), 50:1 (C), 25:1 (D), and 1:1 (E). YAC-I 
cells were used for cold target inhibition at ratios of  100:1 (F), 50:1 (G), 25:1 (H), and 1:1 (I). 

determined by a solid-phase radioimmunoassay or by the restimulation assay using Pl-primed 
DA T lymphocytes (15). 

Resu l t s  a n d  Discuss ion  

Our  system involves the use of  DMBA-induced  sarcomas in DA rats, which allows 
the induction of  tumor-specific T cell clones as well as product ion of  corresponding 
auto-anti idiotypic antibodies (15). Such antibodies used at low concentrat ion in the 
presence of  T C G F  can be used to selectively maintain  specific T cell clones in vitro. 
In this system we have isolated six different T cell clones, all with idiotypic receptors 
and specific lytic ability for the relevant tumor  (see Fig. 1). Two of  these six clones, in 
addition, display a lytic profile identical to rat N K  cells (see Fig. 1). This NK-like 
activity of  clones 1 and 2 developed gradual ly  dur ing in vitro culture (16) and was 
discovered by specificity controls. Using cold target inhibition in a crisscross manner ,  
we tested whether  the very same cells in clones 1 and 2 display cytotoxic T lymphocyte  
(CTL) as well as N K  specificity. Da ta  shown in Figs. 2, 3, and 4 demonstrate  that this 
is true. Two N K  targets, YAC-1 and K562, block clone 1 and 2 (but not clone 3-6) 
effector cells from lysing the T cell-sensitive DA tumor  P 1-clone 9, It is of  importance 
that Pl-clone 9 target cells are resistant to normal  splenic N K  cells (see Fig. 5). In 
complete correspondence, P 1-clone 9 targets could block the ability of  T killer cell 
clones 1 and 2 to lyse either YAC-1 or K562 target cells (see Fig. 4). 

It was crucial to establish whether  clone 1 and 2 effector cells were using the same 
receptors to recognize the tumor-specific antigens on Pl-clone 9 targets as those used 
to bind to YAC-1 or K562 cells. To  answer this question we used anti idiotypic 
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FIG. 4. Pl-specific cytotoxic DA T cell clones 1-6 were tested against 51Cr-labeled YAC-1 (A) 
(upper) and K562 (K) (lower) tumor cells. Tumor cells from P1 clones 9 and 10 were used for cold 
target inhibition. Unlabeled tumor cells fi'om PI clone 9 were used at ratios of 100:1 (B, L), 50:1 
(C, M), 25: i (D, N), and 1:1 (E, O). The same type of experiment at the same ratios was performed 
using cold targets from PI clone 10. 100:1 (F, P), 50:1 (G, Q), 25:1 (H, R), and 1:1 (I, S). 

antibodies in the presence or absence of complement  (Fig. 6). Such antibodies in the 
presence of complement  did wipe out all cytolytic activity in the clones regardless of 
the target type analyzed. However, at high concentra t ion and  in the absence of 
complement ,  a clear-cut selectivity of inhibi t ion as to target type became apparent .  
Thus,  clones 1 and  2 became inhibi ted in their reactions to P1 clone 9 targets (like the 
other clones), but  were not suppressed at all in their reactivity towards the N K  targets 
YAC-1 and  K562. This strongly suggests the s imultaneous presence of two distinct 
physically independent  receptor types on clone 1 and  2 killer T cells: one that is 
idiotypic and  ant igen specific, and  another  displaying the b ind ing  profile of N K  cells. 

Ou r  results demonstrate  the possibility of the s imultaneous expression of two 
distinct lytic systems with different specificities in the same T cell. Such parallel  
display may of course yield combined  specificity profiles endowing the individual  cell 
with a selectivity distinct from most normal  C T L  or N K  cells. This could thus well 
explain existing controversies as to the specificities encountered when using immune-  

activated effector cells (21). 
A second note of interest is the abil i ty of these "double-expressing" T cells to lyse 

target cells (K562) devoid of major  histocompatibi l i ty complex (MHC) antigens. 
Convent ional  cytolytic T cells normal ly  fail to kill MHC-lack ing  targets, e.g., terato- 
carc inoma cells (22) and  an NK-like receptor may be necessary here to allow such 

34561 
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Fzc. 5. Spleen cells from DA rats were used as a source of NK cells. They were confronted for 6 
h with 51Cr-labeled P1 and P2 sarcoma ceils and cells from P1 clones 9 and 10 as well as with PM 
tumor cells at effector/target cell ratios of 100:1 (open columns) and 50:1 ( W ) .  NK cells were also 
tested against the classical NK targets YAC-1 (A) and K562 (A) under the same conditions. Lyric 
capacity against YAC-I and K562 targets was also tested in the presence of 3% antiidiotypic 
antiserum of specificity DA anti-(DA anti@l) (15, 16) (B) or 3% DA normal serum (C). 

lysis to occur. Whether such a receptor will indeed act as a triggering unit for the 
induction of a potential lytic machinery, like the IgG antibodies in antibody-depend- 
ent cellular cytotoxicity systems (23), is an important issue. Recent studies (14) have 
indicated that the ability to express an NK-like binding specificity is a feature that 
can be found on several types of bone marrow-derived cells. Our  findings should thus 
not be considered as evidence for the inclusion of the conventional N K  cells within 
the T cell lineage. The combination of lytic ability and N K  binding specificity may, 
therefore, in a normal situation, be something uniquely restricted to the distinct cell 
type classically defined as an N K  cell. Situations leading to the induction of lytic 
capacities in normally nonlytic cells may thus create an NK-like activity in non-NK 
effector cell types. Depending on the frequency of cells expressing NK-binding activity 
in such populations, one should expect the appearance, upon activation, of cells with 
dual specificities in the manner  reported in this study. 

SuF[ l lT l a ry  

Dimethylbenzanthracene-induced P1 sarcoma cells induce Pl-specific antibodies 
in syngeneic DA rats. Antiidiotypic antibodies of specificity DA anti-(DA anti-P1) 
were induced against the tumor-specific antibodies and used to restimulate P l-primed 
DA T cells in vitro. Using antiidiotypic antibodies and T cell growth factor, P1- 
specific cytotoxic DA T cell clones were established by limiting dilution and kept in 
vitro. Two of these clones acquired during culture periods in addition to the P1 
specificity lytic activity towards natural killer (NK) targets YAC-1 or K562. Cold 
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Fro. 6. DA anti-P1 cytotoxic T cell clones (1-6) were used as effector cells at an effector/target 
cell ratio of 5:1. (A) Targets, Pl  sarcoma cells; effector cell untreated; (B) Targets, P1 sarcoma cells; 
effector cells treated with 1:10 diluted DA anti-(DA anti-P1) antiidiotypic antiserum and comple- 
ment (21). (C) Targets, P1 sarcoma cells; effector cells treated with 1:10 diluted normal DA serum 
and complement. (D) Targets, tumor cells from P1 clone 9; effector cells untreated. (E) Targets, 
tumor cells from Pl clone 9; effector cells treated with antiidiotypic antiserum and complement (see 
B). (F) Targets, tumor cells from P1 clone 9; effector cells treated with normal DA serum and 
complement. ((3) Targets, tumor cells fi'om P1 clone 9; 3% of antiidiotypic antiserum was present 
during test period. (H) Targets, tumor cells from P1 clone 9; 3% ofantiidiotypic antiserum absorbed 
on Pl specific DA T cell clones 1-6 was present during test period. (1) Targets, YAC-1; effector cells 
untreated. (K) Targets, YAC-l; effector cells treated with antiidiotypic antiserum and complement. 
(L) Targets, YAC-1; effector cells treated with normal DA serum and complement. (M) Targets, 
YAC-1; 3% of antiidiotypic antiserum was present during test period. (N) Targets, YAC-1; 3% 
absorbed (see H) antiidiotypic antiserum was present during test period. (O) Targets, YAC-1; 3% 
normal DA serum was present during test period. (P) Targets, K562; effector cells untreated. (O) 
Targets, K562; effector cells treated with antiidiotypic antiserum and complement. (R) Targets, 
K562; effector cells treated with DA normal serum and complement. (S) Targets, K562; 3% of 
antiidiotypic antiserum was present during test period. (T) Targets, K562; 3% of absorbed 
antiidiotypic antiserum was present during test period. (U) Targets, K562; 3% of normal DA serum 
was present during test period. 

34561  

t a r g e t  i n h i b i t i o n  e x p e r i m e n t s  s h o w e d  t h a t  t h e  v e r y  s a m e  c y t o t o x i c  T ce l l s  kill  P1 a n d  

N K  t a r g e t s .  A n t i i d i o t y p i c  a n t i b o d i e s  o f  s p e c i f i c i t y  D A  a n t i - ( D A  a n t i - P 1 )  i n h i b i t e d  

c y t o t o x i c i t y  a g a i n s t  P l b u t  n o t  a g a i n s t  Y A C - 1  o r  K 5 6 2 .  W e  c o n c l u d e  t h a t  t w o  

i n d e p e n d e n t  r e c e p t o r s  a r e  l o c a t e d  o n  t h e s e  d o u b l e - r e a c t i v e  T cel l  c l o n e s ,  o n e  t h a t  is 

i d i o t y p i c  a n d  a n t i g e n - s p e c i f i c ,  a n d  a n o t h e r  d i s p l a y i n g  t h e  b i n d i n g  p r o f i l e  o f  N K  cells .  

Received for publication 9 November 1982 and in revised form 29 December 1982. 



H. BINZ, M. FENNER, D. FREI, AND H. WIGZELL 1259 

R e f e r e n c e s  

1. Kiessling, R., E. Klein, and H. Wigzell. 1975. Natural killer cells in the mouse. I. Cytotoxic 
cells with specificity for mouse Moloney leukemia cells. Characteristics of the killer cells. 
Eur. J. ImmunoL 5:117. 

2. Herberman, R. B., M. E. Nunn, and D. H. Lavrin. 1975. Natural cytotoxic reactivity of 
mouse lymphoid cells against syngeneic and allogeneic tumors. I. Distribution of reactivity 
and specificity. Int. J. Cancer. 16:216. 

3. Herberman, R. B., T. Timonen, C. Reynolds, and J. R. Ortaldo. 1980. Characteristics of 
NK cells. In Natural Cell-mediated Immunity against Tumors. R. B. Herberman, editor. 
Academic Press, Inc., New York. 89-104. 

4. Kiessling, R., and H. Wigzell. 1979. An analysis ofmurine NK cells as to structure, function 
and biological relevance. Immunol. Rev. 44:165. 

5. Saksela, E., T. Timonen, A. Ranki, and P. H~.yry. 1979. Morphological and functional 
characterization of isolated effector cells responsible for human natural killer activity to 
fetal fibroblasts and to cultured cell line targets. Imrnunol. Rev. 44- 71. 

6. Herberman, R. B., and J. R. Ortaldo. 1980. Specificity of NK cells. In Natural Cell- 
mediated Immunity against Tumors. R. B. Herberman, editor. Academic Press, Inc., New 
York. 873-882. 

7. Hanson, M., R. Kiessling, and R. Welsh. 1980. Interaction between NK cells and normal 
tissue: definition of a NK-sensitive thymocyte population. In Natural Cell-mediated Im- 
munity against tumors. R. B. Herberman, editor. Academic Press, Inc., New York. 855- 
872. 

8. Kiessling, R., P. S. Hochman, O. Hailer, G. M. Shearer, H. Wigzell, and G. Cudkowicz. 
1977. Evidence for a similar or common mechanism for natural killer cell activity and 
resistance to hemopoietic grafts. Eur. J. Immunol. 7;655. 

9. Lohmann-Matthes, M. L., and W. Domzig. 1980. Natural cytotoxicity of macrophage 
precursor cells and of mature macrophages. In Natural Cell-mediated Immunity against 
Tumors. R. B. Herberman, editor. Academic Press, Inc., New York. 117-130. 

10. Hengartner, H., H. Acha, R. Lang, L. Stietz, K. L. Rosenthal, R. Groscurth, and R. Keller. 
1982. Permanently growing murine cell clones with NK-like activities. In NK Cells and 
Other Natural Effector Cells. R. E. Herberman, editor. Academic Press, Inc., New York. 
893-902. 

11. Brooks, C. G., K. Kuribayasbi, G. E. Sale, and C. Henney. 1981. Characterization of five 
cloned murine cell lines showing high cytolytic activity against YAC-1 cells. J. Immunol. 
128:2326. 

12. Herberman, R. B., and J. R. Ortaldo. 1981. Natural killer cells: their role in defenses 
against diseases. Science (Wash DC). 214:24. 

13. Kaplan, J., and D. M. Callewaert. 1980. Are natural killer cells germ-line V-gene-encoded 
prothymocytes specific for self and nonself histocompatibility antigens. In Natural Cell- 
mediated Immunity against Tumors. R. B. Herberman, editor. Academic Press, Inc., New 
York. 893-908. 

14. Piontek, G. E., R. Kiessling, A. Gronberg, and L. Ahrlund-Richter. 1982. Non-NK 
leucocytes demonstrate NK-patterned binding. In NK Cells and Other Natural Effector 
Cells. R. B. Herberman, editor. Academic Press, Inc., New York. 705-711. 

15. Binz, H., B. Meier, and H. Wigzell. 1982. Induction or elimination of tumor-specific 
immunity against a chemically induced rat tumor using auto-anti-idiotypic immunity. Int. 

J. Cancer. 26:417. 
16. Binz, H., M. Fenner, and H. Wigzell. 1983. Studies on chemically induced tumors in rats. 

I. Heterogeneity of tumor cells and establishment of syngeneic, tumor-specific cytotoxic T 
cell clones. Experientia (Basel). 39:39. 

17. Wigzell, H., and B. Andersson. 1969. Cell separation on antigen-coated columns. Elimi- 



1260 TWO RECEPTORS ALLOW SELECTIVE TARGET LYSIS BY T CLONES 

nation of high rate antibody forming cells and immunological memory cells.J. Exp. Med. 
129:23. 

18. Click, R. E.. L. Bench, and B. S. Alter. 1972. Immune response in vitro. 2. Culture 
conditions for antibody synthesis. Cell. hnmunol. 3:264. 

19. Fenner, M., H. Frischknecht, H. Binz, J. Lindenmann, and H. Wigzell. 1979. Alloantigens 
derived from stimulator cells and bound onto MLC-activated rat T-lymphoblasts. Scand. a t. 
Immunol. 9:553. 

20. Daugharty, H., J. E. Hopper, A. B. McDonald, and A. Nisonoff. 1969. Quantitative 
investigations of idiotypic antibodies. I. Analysis of precipitating antibody population, at. 
Exp. Med. 130:1074. 

21. Klein, E., M. G. Masucci, G. Masucci, and F. Vanky. 1980. Natural and activated 
lymphocyte killers which affect tumor cells. In Natural Cell-mediated Immunity against 
Tumors. R. B. Herberman, editor. Academic Press, Inc., New York. 909-920. 

22. Stern, P., M. Gidlund, A. Kimura, K-O. Gronvik, and H. Wigzell. 1981. Murine embryonal 
carcinoma cells: universal targets for mammalian NK cells? Int. at. Cancer. 27"679. 

23. Perlman, P., and G. Holm. 1969. Cytotoxic effect of lymphoid cells in vitro. Adv. Immunol. 
11:117. 


