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Var ious  cytotoxic  processes have been ob ta ined  in vitro in re la t ion to the i m m u n e  
rejection ofsyngeneic  t u m o r  cells. Pa r t i cu la r  a t t en t ion  has been devoted  to cytotoxic i ty  
med ia t ed  by  T lymphocytes  (1-4), macrophages  (5, 6), and  na tu ra l  killer cells (7-9). 
Nevertheless, it has proved difficult to establish defini tely to wha t  extent  these 

processes con t r ibu te  in vivo to the rejection of  the  various tumors  tha t  have been 
analyzed.  O n  this issue, one cr i ter ion of  relevance lies in the degree of  m a t c h i n g  of  the 
specificity observed in vitro wi th  that  observed in vivo. This  requires a compar i son  of  
the effects of  cytotoxic  and  rejection processes on a n u m b e r  of  different tumors.  
Unfor tuna te ly ,  this compar ison  is often compl ica ted  because tumors  differ not  only  
for their  tumor-associa ted  ant igens  but  also for many  o ther  cel lular  proper t ies  that  
influence the outcome of  the i m m u n e  processes bo th  in vitro and  in vivo. 

We have developed a system of  t umor  var iants  tha t  appears  to be pa r t i cu la r ly  
sui table  for the s tudy of  immunolog ica l  react ions d i rec ted  against  a var ie ty  of  surface 
ant igens ob ta ined  on the same background  cell. We  repor ted  that ,  by t rea t ing  a 
t e ra toca rc inoma  and  a Lewis lung ca rc inoma cell line with a mutagen ,  we ob ta ined  
a n u m b e r  of  cell var iants  that  were rejected by syngeneic mice (turn-) 1 (10, 11). Cross- 

immun iza t i on  exper iments  per formed in vivo ind ica ted  the presence of  new ant igens  
specific for each of  these var iants  (12). However ,  ne i ther  with t e r a toca rc inoma  nor 
with Lewis lung ca rc inoma were we able  to ob ta in  i m m u n e  cytotoxic  spleen cells that  
showed any specificity for the immun iz ing  t u m -  variants.  

In the search for the  effector tha t  causes the  rejection of  tu rn -  variants ,  we thought  
that  it would be useful to ob ta in  such var iants  from an  ascitic t u m o r  so as to be able  
to collect effector cells in situ. We show in the a c c o m p a n y i n g  report  (13) tha t  we were 
able  to ob ta in  tu rn-  var iants  by mu tagen  t r ea tment  of  a ma l ignan t  cell l ine isolated 
from the ascitic mas tocy toma  P815. The  c ross - immuniza t ion  pa t t e rn  observed in vivo 
with  five var iants  demons t ra t ed  the presence of  s ingular  ant igens on three of  them 
(Table  I). W e  repor t  here the existence of  a syngeneic T l ymphocy te -med ia t ed  
cytolysis d i rected against  P815 tu rn-  var iants  and  we compare  the results ob t a ined  in 
vitro to those ob ta ined  in vivo. 

* Fonds National de la Recherche Scientifique, Brussels, Belgium. 
1 Abbreviations used in this paper." FCS, fetal calf serum; HAT, 10 -4 M hypoxanthine, 3.8 × 10 -7 M 

aminopterin, and 1.6 X 10 -5 M 2-deoxythymidine; tum +, variant cells that were capable of forming tumors 
in syngeneic mice; tuna-, variant cells that were incapable of forming tumors in syngeneic mice. 
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M a t e r i a l s  a n d  M e t h o d s  

Cells. All the P815 cell clones were cultured in Petri dishes (Falcon 1001; Falcon Labware, 
Div. of Becton, Dickinson & Co., Oxnard, Calif.) in Dulbecco's modified Eagle's medium 
(Grand Island Biological Co., Grand Island, N. Y.) supplemented with 10% fetal calf serum 
(FCS). They were incubated at 37°C in an 8% C02 atmosphere. Ll210 cells (a DBA/2 
leukemia) were grown under the same conditions. 

Azaguanine-resistant Mutants. Azaguanine-resistant mutants were selected in limiting-dilution 
conditions in culture medium that contained 10 or 30 #g/ml of azaguanine (ICN Nutritional 
Biochemicals, Cleveland, Ohio). Only those mutants were used that died in a culture medium 
supplemented with 10 -4 M hypoxanthine (Merck AG, Darmstadt, Federal Republic of Ger- 
many), 3.8 × 10 -7 M aminopterin (ICN Nutritional Biochemicals), and 1.6 × l0 -s M 2- 
deoxythymidine (Merck AG) (HAT). 

Spleen and Peritoneal Cells. Immune spleen cells were taken from DBA/2 mice injected 
intraperitoneally 23 wk earlier with living turn- P815 cells in culture medium without FCS. 
Control mice received the same volume of injection medium. The spleen cells were teased in 
Hanks' balanced salts solution supplemented with 5% FCS. Cell suspensions were filtered 
through a nylon-mesh gauze (80/~m; Nylon Swiss; Staniar, Manchester, England). Peritoneal 
cells were obtained by rinsing the peritoneal cavity with l0 ml of Hanks' balanced salts solution 
that contained 20 U/ml  heparin (Roche, Basel, Switzerland). The cells were centrifuged for 10 
min at 200 g and resuspended in RPMI-1640 medium (Grand Island Biological Co.) supple- 
mented with 10% FCS and 10 -2 M Hepes (Sigma Chemical Co., St. Louis, Mo.). 

Mixed Lymphocyte-Tumor Cell Culture 

STIMULATION WITH IRRADIATED CELLS. 3 × 107 immune spleen cells were mixed with P815 
cells killed by gamma irradiation (5,000 rad, Cs source). The cells were incubated in 20 ml of 
RPMI-1640 medium that contained 10% FCS, 10 -2 M Hepes, and 5 X 10 -6 M 2-mercaptoeth- 
anol (Merck AG) in 50-ml Falcon flasks standing upright (Falcon 3013). After 4 d of incubation 
at 37°C in an 8% CO2 atmosphere, the stimulated lymphocytes were washed in Hanks' 
balanced salts solution supplemented with 5% FCS and resuspended in RPMI-1640 medium 
that contained 10% FCS and 10 -2 M Hepes before assay in the SXCr-release test. 

STIMULATION WITH HAT-sENSITIVE CELLS. The stimulator cells were HAT-sensitive, azagua- 
nine-resistant mutants. The stimulation conditions were the same as above, except that the 
medium was supplemented with HAT as described above. The stimulator cells were killed in 
<2 d, whereas the survival of the lymphocytes was not affected. 

Cr-retease Assays. Target cells grown in vitro were resuspended at 107 cells/ml of Hanks 
balanced salts solution medium supplemented with 5% FCS and incubated at 37°C with 100 
#Ci/ml of Na[SlCr]O~ (Institut des Radiodl~ments, Fleurus, Belgium). 1 h later, the labeled 
ceils were washed first with 50 ml of Hanks' balanced salts solution medium supplemented 
with 5% FCS, then with 50 ml of RPMI-1640 medium that contained 10% FCS and 10 -2 M 
Hepes. They were resuspended in the same medium, and 50-#1 aliquots that contained 104 cells 
were distributed into microplates (96 wells; Linbro Chemical Co., Hamden, Conn.). Stimulated 
lymphocytes were added in 100 #1 of the same medium. Assays were made in triplicate. The 
plates were centrifuged 5 min at 100 g and incubated 4 h at 37°C in an 8% CO2 atmosphere. 
The plates were then centrifuged again and 75-#1 aliquots of supernate were collected and 
counted. The percentage of ~lCr-specific release was calculated as follows: the percent specific 
release = (ER - SR) X 100/(MR - SR); where ER was the observed experimental 51Cr release, 
SR the spontaneous release measured by incubation of 104 labeled cells in 150 #1 of RPMI-1640 
medium alone, and MR the maximum release obtained by adding 50 #1 0.3% Triton X-100 
(Sigma) to the target cells. The spontaneous release was = 10% of the total label incorporated 
into the cells. 

Lytic Units. 1 lytic unit is defined here as the number of spleen or peritoneal cells that lyse 
50% of 104 target cells in 4 h (9). This number was estimated from the specific release obtained 
at various effector to target ratios by means of the regression (1 - -  e-kx). The results are 
expressed in number of lyric units/106 cells. 

Normalized Number of Lytic Units/lO n Cells. To compare the lytic activities of an effector cell 
on the immunizing clone (seif-lysis) and on other clones (cross-lysis), we corrected for differences 
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in the general sensitivity of the targets. This was done by dividing the number of lytic units 
obtained with a given effector on a given target by the average number of lytic units obtained 
on the same target with all the effectors. This average was calculated after replacement of the 
self-lysis value by the average number of lytic units of the relevant effector on all the other 
targets. The corrected values were normalized by dividing them by the average of the corrected 
cross-lysis values of the relevant effector. 

Resu l t s  

When  adul t  DBA/2  mice were injected intraper i toneal ly  with 2 × 105 l iving cells 
of a n u m b e r  of t u m -  variants,  they completely rejected these cells in < 20  d (Table  I). 
After that  period, these mice showed a significant protection against the i m m u n i z i n g  

variants, against other P815 tu rn -  variants,  and  against the original  P 1 cells that  were 

capable of forming tumors in syngeneic mice (turn +) (13). We tested spleen a nd  
peritoneal exudate cells of i m m u n e  animals  for their cytolytic activity. 

Cytolytic TLymphocytes in the Peritoneal Cavity. Mice that  rejected a first challenge of 
l iving P815 tu rn -  cells received a secondary intraper i toneal  injection of 2 × 105 cells 

of the same t u m -  variant.  After 4 d, all the mastocytoma cells had been e l iminated  
from the peri toneal cavity as de termined by an  agar colony test as described in the 

TABLE I 

Tumorigenicity and Specificity of P815 Clones 

No. of mice with Presence of a specific 
tumors/No, antigen detected in 

mice injected* vivo¢ 

Control clone:§ 
tum+: P1 15/15 

Mutagenized clones:l] 
tum-: P21 0/20 + 

P32 2/20 - 
P35 0/20 + 
P60 2/20 Not tested 
P76 6/20 Not tested 
P89 1/20 - 
P91 0/20 + 

tum+: P22 6/6 
P26 6/6 
P30 5/6 
P33 3/3 
P38 6/6 
P40 6/6 
P53 6/6 
P58 6/6 
P87 5/6 
P93 6/6 

* DBA/2 mice were injected intraperitoneally with 2 × 105 living cells. Mice 
without visible tumors 3 mo after injection were considered negative. 
As demonstrated in the accompanying report (13) with immune protection 
experiments performed either directly or by adoptive transfer. 

§ Clone isolated from the initial P815-X2 population, 
II Clones isolated from a P1 population treated with the mutagen N-methyl- 

N'-nit ro- N-nit rosoguanidine (13). 
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accompanying  report (13). At this time, the peri toneal  cells were collected and  their 
cytolytic activity was tested immediate ly  on a n u m b e r  of P815 t u m -  variants.  A 

significant cytolysis was obta ined,  as shown in Tab le  II. A fract ionat ion by nylon 
co lumn indicated that  the effector cells were T lymphocytes. 

As seen in Tab le  II, the peri toneal cells immunized  against variants  P21 a nd  P32 
preferentially lysed the i m m u n i z i n g  variant .  A similar specificity was ob ta ined  with 
variants  P35 and  P91. None was observed with peri toneal  cells immunized  against  

P89. 
Cytolysis by Immune Spleen Cells Stimulated In Vitro. Spleen cells of an imals  that  had 

been immunized  and  boosted so as to conta in  active peri toneal  cells had no direct 
cytolytic activity. However, we observed a strong and  specific cytolytic response after 
in vitro s t imula t ion  of i m m u n e  spleen cells with the i m m u n i z i n g  tu rn -  clone (Table  

III). Similar  results were ob ta ined  by s t imula t ing  either with t u r n -  cells killed by 
i r radiat ion or with their  azaguanine-resistant ,  HAT-sensi t ive homologues in med ium 

supplemented  with H A T .  The  splenic effector cells were T lymphocytes,  as shown by 
their presence in nylon-fil tered popula t ion  and  by their inact ivat ion with an t i -Thy-  
1.2 serum (Table III). 

Little or no specific cytolytic activity was obta ined  after s t imulat ion of spleen cells 
from naive animals  (Table III). Spleen cells from animals  immunized  5 d earlier with 
l iving tu rn -  cells already showed a significant specific cytolysis upon  res t imulat ion in 

vitro. The  capacity of spleen cells to form cytolytic effector cells upon  res t imulat ion 
remained high between 10 d and  6 mo after immuniza t ion .  A specific, but  weaker, 
cytolysis could also be obta ined  with spleen cells from animals  immunized  with 

i rradiated tu rn -  variants  (data not shown). 

TABLE II 
Cytolysis of turn- Variants by Peritoneal Cells 

Experi- 
ment 

Effector: 
Peritoneal effector cells* target ra- 

tio 

Percent specific 51Cr release from target cells 

P21 P32 P35 P89 P91 L1210 

Anti-P21 40:1 91 13 14 <1 
20:1 75 5.7 4.7 
10:1 34 2.0 

Anti-P21, T eell~ 10:1 50 
5:1 35 

Anti-P32 20:1 6.6 42 12 <1 
10:1 3.0 23 6.7 

Anti-P32, T cells:]: 20:1 13 68 22 
10:l 7.4 53 - -  
5:1 3 34 - -  

Normal 40:1 ~1  <1  <1  <1  

Anti-P35 30:1 0.8 2.9 30 4.8 3.0 
Anti-P89 30:1 1.8 3.5 8.9 8.4 8.6 
Anti-P91 30:1 0.7 4.4 5 5.4 35.4 

* In experiment 1, DBA/2 mice were in~ected with 6 X 104 living P21 or P32 cells. 20 d later, they received 
an intraperitoneal boost with 2 × 10 living cells of the same clone. Control animals were injected and 
boosted with medium alone. The peritoneal cells were collected 3 d later and assayed immediately in a 
4-h 51Cr-release test. In experiment 2, the mice were injected with 2 X 105 cells and boosted 60 d later. 
The  peritoneal cells were collected 4 d after the boost. 
Filtered once on nylon wool (14). 



1188 IMMUNOGENIC VARIANTS OBTAINED BY MUTAGENESIS OF P815. II. 

TABLE III 

Cytolysis by Spleen Cells Stimulated In Vitro 

Effector: Percent specific 51Cr release from tar- 
Experi- Spleen effec- Stimulator cells target get cells 
ment tor cells* ratio 

P1 P21 P32 P91 

1 Anti-P21 P2l irradiated 10:1 53 75 54 48 
3:1 30 61 30 27 
1:1 15 36 14 13 

(13)~ (31) (13) (11) 
Anti-P32 P32 irradiated 10:1 54 47 86 64 

3:1 33 22 68 36 
1:1 18 8 48 18 

(14) (10) (68) (18) 
Anti-P91 P91 irradiated 10: l 29 14 29 76 

3: l 9.2 3.8 11 70 
I:I 3.1 0.3 2.4 43 

(3.9) (1.7) (3.0) (67) 
Normal P21 irradiated 20:1 17 I1 22 

10:1 8.6 5.9 13 
(1.1) 0,8) (1.6) 

Normal P32 irradiated 20:1 29 19 40 
10:1 15 9.4 24 

(2.5) (1.4) (3.3) 

2 Anti-P21 

Anti-P21, 
T cells§ 

Anti-P21, 
T de- 
pleted[[ 

P21 azaguanine resistant 10:1 28 78 27 
5:1 16 64 15 

2.5:1 10 53 9.3 
(4.8) (29) (3.9) 

P21 azaguanine resistant 10:1 26 76 26 
5:1 14 59 12 

2.5:1 9 47 8.3 
(4.3) (28) (4.3) 

P21 azaguanine resistant 20:1 < 1 < I 2.5 

(<0.07) (<0.07) (0.18) 

* DBA/2 mice were immunized with 2 × 105 living P21, P32, or P91 cells. In experiment 1, the spleen cells 
were collected after 47 d. 3 × 107 spleen cells were incubated for 4 d with 6 × 105 irradiated stimulator 
cells. In experiment 2, 3 × 107 spleen cells collected after 26 d were incubated for 5 d with 2 × 105 living 
P21 azaguanine-resistant cells in HAT medium. 
Lyric units/106 cells are shown in parentheses. 

§ Filtered once on nylon wool (14). 
]1 Depleted from T lymphocytes by treatment with anti-Thy-l.2 (AKR anti-C3H) serum and complement. 

T o  e x a m i n e  the  poss ib i l i ty  t h a t  t he  lyt ic  r e s p o n s e  was  d i r e c t e d  aga ins t  F C S  

c o m p o n e n t s  b o u n d  on  P815 cells, we  i m m u n i z e d  m i c e  w i t h  t u r n -  v a r i an t s  g r o w n  in 

m o u s e  s e r u m  for > 7  d. T h e  resul ts  were  t he  s a m e  as those  o b t a i n e d  a f t e r  i m m u n i z a t i o n  

w i t h  cells g r o w n  in F C S  (da t a  no t  shown) .  

Analysis of the turn- Antigenic Specificities. T o  e x a m i n e  the  p a t t e r n  o f  s i n g u l a r  a n d  

c o m m o n  a n t i g e n s  f o u n d  on  t u r n -  va r ian t s ,  seven i n d e p e n d e n t l y  i so la ted  c lones  were  

used  to i m m u n i z e  mice  a n d  s t i m u l a t e  the i r  sp leen  cells in vitro.  T h e  cy to ly t i c  ac t iv i t ies  

were  t e s t ed  aga ins t  these  seven t u r n -  v a r i an t s  a n d  the  turn  ÷ c lone  P1 (T ab l e  IV).  

Sp leen  cells i m m u n i z e d  a n d  s t i m u l a t e d  w i t h  P 2 t ,  P32,  P35, a n d  P91 s h o w e d  a 

m a r k e d l y  p r e f e r e n t i a l  cytolys is  for t h e  i m m u n i z i n g  v a r i an t ,  i n d i c a t i n g  the  p r e s e n c e  o f  
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TABLZ IV 
Specificities Defined by Immune Spleen Cell Cytolysis 

1189 

Spleen cffcc- I,ysis o f  target ceils 

tor cells* P 1 P21 P32 P35 P60 P76 P89 P91 

lyric units/ lO 6 cells 

Anti-P2I 3.9 ~ 3.4 5.3 4.0 4.1 3.0 
(0.81)§ ](6.44)] (0.97) (1.20) (0.95) (1.17) (0.90) 

Anti-P32 27 6.8 ~ 22 15 16 16 
(1.20) (0,88) 1(4.55)] (1.07) (0.76) (0.96) (1.04) 

Anti-P35 21,7 5.0 l I ~ 16 11 16 
(t 2'0) (0,81) (0.86) 1(5 .57]  (1.05) (0,{t5) (I.32) 

Anti-P60 5,6 2.7 5.2 5 ~ 4.9 3,8 
(0.85) (IA9) 0.07) (0,82) ~ (t.00) (0.83) 

Anti-P76 6.32 2.0 5,1 6.7 8.3 ~ 2.5 
(0,9 ] ) (0,84) ( 1,01 ) ( 1.05) (1,39) I (2,18) ] (0,52) 

Anti-P89 15,B 6.0 16 18 18 I 1 1 I 
(0,~) (0,97) 0.22) (].~0) ( H 6 )  (o,ss) (0.86) 

Anti-Pgl 3.26 1. t 2.7 3.5 3.4 3,7 2.8 
(0.85) (0.~) (0.98) (0.99) (1.03) (1.31) 0.05) 

3.3 
0.93) 

18 
1,05) 

12 
0,93) 
5.5 
1,12) 
5.6 
1.09) 

13 
0.96) 

* DBA/2 mice were immunized with 2 × 10 ~ living turn- variants. 21 d later, these spleen cells were rt~timulated in vitro with the irradiated 
immunizing variant and amayed in a 4-h 6tCr.relell~ t ~ t  on various turn- variants. 

:~ Boxed values were significantly different from the mean of  the other croa~-lysis values at a P - 0.02 level (Student's t test). 
§ Normalized lytic index (corrects the differences in general sensitivity of  the various targels) is shown in parent hcses, 

a singular antigenic specificity on each of  these variants. No singular specificity was 
observed on P89. Variants P60 and P76 displayed a weak, but significant, singular 
specificity which was confirmed in a duplicate experiment. The effectors immunized 
against every tum-  variant cross-reacted with all the variants and with the tum + cells. 
Not unexpectedly, we found that lymphocytes immunized in vivo with irradiated 
turn + ceils had a uniform cytolytic activity against the turn- variants (data not 
shown). 

To estimate more precisely the degree of  cross-reaction between the different target 
cells, we normalized the lysis values, taking into account the general sensitivity of  
each target (Materials and Methods). With this normalized lytic index, shown in 
Table IV, values significantly >1  indicate that the relevant target cell and the 
immunizing variant share an antigenic specificity that is not found on the other 
targets. This procedure confirmed that six out of  the seven turn- variants carried a 
singular antigenic specificity. Furthermore, it indicated that these six antigens were 
all different, and that at least those strong singular antigens carried by P21, P32, P35, 
and P91 were completely unrelated: no significant cross-reaction above that caused 
by the common antigen found on the turn + cell was observed with any pair of  tum-  
variants. 

This analysis has been extended to other t u m -  variants. From a total o f  21 variants 
analyzed so far, we detected no individual antigen on 6, weak individual antigens on 
4, and strong individual antigens (normalized lytic index >2)  on 1 I. These turn- 
antigens appeared to be completely unrelated to each other. 

The number of  stimulator cells added to the responder spleen cells affected not 
only the intensity of  the cytolytic response, but also its specificity (Table V). The 
highest and most specific cytolytic activities were observed with doses of  10s-106 
stimulator cells. We checked that our failure to observe a specific antigen on P89 was 
not a result of  the use of  an improper dose of  stimulator cells: no specificity was 
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TABLE V 

Effect of the Number of Stimulator Cells on the Specificity of the Lysis by 
Spleen Cells 

Number of P21 stim- 
ulator cells* 

Lysis of target cells 

PI P21 P32 

lytic units/lO 8 cells 
6 X 10 s 0.1 0.1 0.1 
2 X l0 s 7.6 14.5 7.5 
6 X 105 10.4 53 17 
2 X l0 b 5.4 44 9.3 

* 3 × 107 spleen cells from mice immunized 120 d earlier with 2 × 105 living 
P21 cells were incubated for 4 d with the number of irradiated P21 indicated. 

TABLE VI 

Absence of Spedfic Antigens on Mutagenixed Cells That Have Retained Their 

Effector cells* 

Tumorigenicity 

Lysis of target ce[ls 

self:~ P 1 P35 P91 

lytic units/ lO s cells 
Anti-P1 (control) 3.2 4.2 4.6 
Anti-P22 6.9 5.0 4.1 5.3 
Anti-P26 1.4 1.5 1.8 1.2 
Anti-P30 9.4 11.6 8.9 9.5 
Anti-P33 1.3 1.6 1.7 1.3 
Anti-P38 1.9 1.6 2.6 2.2 
Anti-P40 3.4 2.1 3.1 3. l 
Anti-P53 10.6 6.4 8.4 11.5 
Anti-P58 2.2 1.6 2.8 3.3 
Anti-P87 1.8 1.4 2.3 1.3 
Anti-P93 1.2 1.1 2. ! 1.1 

* Spleen cells from DBA/2 mice immunized with 6 × 10 e irradiated cells 50 d 
earlier, stimulated with irradiated cells of the same variant for 4 d. 

:~ Target cells were the immunizing variant. 

obse rved  af te r  s t i m u l a t i o n  at  doses r a n g i n g  f rom 3 × 10 a to 107 P89 ce l l s /3  X 107 

spleen cells (da ta  no t  shown).  

Absence of New Antigens on Mutagenized Cells That Have Remained Tumorigenic. W e  

selected 10 P815 clones  whose  ab i l i ty  to fo rm t u m o r s  was una f f ec t ed  by  the  m u t a g e n i c  

t r e a t m e n t  ( T a b l e  I). T h e s e  t u m +  clones  were  i so la ted  f rom the  m u t a g e n i z e d  p o p u l a -  

t ion  tha t  c o n t a i n e d  t u r n -  c lones  P21, P32, P35, a n d  P91. D B A / 2  m i c e  were  i m m u n i z e d  

wi th  i r r ad i a t ed  cells a n d  the i r  sp leen cells were  r e s t i m u l a t e d  in vi t ro.  No  e v i d e n c e  for 

a s ingu la r  a n t i g e n  was o b t a i n e d  w i t h  a n y  o f  these  c lones  ( T a b l e  VI) .  

turn- and the turn + Antigens Are Recognized by Distinct Populations of Lymphocytes. Sp leen  

cells r ecove red  f rom m i c e  i m m u n i z e d  wi th  P32, were  s t i m u l a t e d  in v i t ro  w i t h  t he  

s a m e  va r i an t  a n d  assayed for the i r  cy to ly t i c  ac t iv i ty  aga ins t  d i f fe ren t  51Cr-labeled 

P815 ta rge ts  in t he  presence  o f  va r ious  co ld  c o m p e t i t o r  cells (Fig. 1). W h e n  the  t a rge t  
cell  was t he  i m m u n i z i n g  va r i an t  P32, we found  tha t  this va r i an t  was a m o r e  ef fec t ive  

c o m p e t i t o r  t h a n  P21 or  P1. W h e n  the  t a rge t  was a n o t h e r  t u r n -  or  t he  turn + cell,  we 
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FIo. 1. Spleen cells from DBA/2 mice immunized with 2 x 105 living P32 cells were stimulated in 
vitro with P32 and tested against 51Cr-labeled P32 targets (2.5: l effector:target ratio) or P21 targets 
(20:1 effeetor:target ratio). Cold competitor ceils were added: P1 (O), P21 (A), and P32 (O). 

did not observe this preferential competition by P32. I f  there was only one population 
of lymphocytes with higher affinity for P32, this variant would compete better than 
the others against any P815 target. Therefore, immunization of DBA/2 mice with 
P32 generated two distinct populations of immune lymphocytes: one directed against 
the individual specificity of  P32 and another that recognized a common antigen 
present on all the turn- variants and on the turn ÷ cells. Similar results were obtained 
with lymphocytes immunized against P21. 

Discussion 

We have examined the cytolytic reaction of immune syngeneic T lymphocytes 
against a number  of independently isolated P815 turn- variants. From the 21 variants 
analyzed so far, 15 were found to carry new antigens that are not present on the 
original tum÷ cells. The presence of a strong new antigenic specificity detected by T 
lymphocyte-mediated cytolysis appears to be diagnostic for the turn- character: none 
was found on 10 clones that had remained turn + after the mutagenesis. The converse 
is clearly not true: some tum-  variants like P89 fail to show any new antigen 
detectable by T cell cytolysis. The cause of the rejection of this class of turn- variants 
remains to be determined. An obvious possibility is an increased expression of an 
antigen that is already present on the P815 turn ÷ cell. 

The  lymphocytes immunized against each t u m -  variant exerted a significant 
cytolysis against the.other variants and against the original turn + clone, indicating 
the persistence on the t u m -  variants of  an antigen present on the tum÷ cell. This is 
consistent with previous reports which demonstrate that P815 is capable of  inducing 
a syngeneic cytolysis (15, 16). Moreover, we found no instance of cross-reaction 
between any pair of  t u m -  clones that could not be accounted for by this common 
turn + antigen. The lfi turn- variants that carry new antigens all carry different 
specificities. Therefore, it is probable that the number  of completely independent 
turn- antigens that can be obtained on P815 is >30. This diversity makes it unlikely 
that the t u m -  antigens appear  as a consequence of the induction of viral components 
by the mutagen. 

For five P81fi turn- variants, it was possible to compare the pattern of specificity 
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observed in vitro to that obtained in immune protection experiments described in the 
accompanying report. For variants P21, P35, and P91, specific antigens were detected 
both in vivo and in T cell-mediated lysis. For variant P89, no specific antigen was 
found either in vivo or in vitro. However, variant P32 showed no specificity in vivo, 
whereas it showed a definite specificity in T cell cytolysis. Thus the pattern of the 
specificity obtained in T cell cytolysis matches that observed in vivo very significantly, 
but not completely. Although this correlation favors a major role of T cytolytic cells 
in the rejection of most P815 tum-  variants, it does not exclude other effector 
mechanisms. In this respect, it should be mentioned that even though teratocarcinoma 
and Lewis lung carcinoma tum-  variants generate a very specific immune protection 
in vivo, we have consistently failed to obtain specific cytolytic spleen cells in mice that 
were immunized with these variants. (11, 12; and T. Boon, O. Kellermann, A. Van 
Pel, J.  C. Leclerc, and J. Van Snick. Unpublished observations.). It has also been 
reported that, for the male-specific antigen of the mouse, the rejection of male grafts 
does not correlate well with the presence of cytolytic T cells (17). 

The results described here suggest that the turn- variants obtained in the P815 
mastocytoma system may serve as a convenient system for the study o f T  lymphocyte- 
mediated cytolysis directed against a variety of antigens on a uniform background. It 
will he of interest to examine the relation of the various turn- antigens with the 
products of the major histocompatibility locus. 

S u m m a r y  

Tumor  cell variants that were rejected by syngeneic mice (turn-) were obtained 
from mastocytoma P815 by mutagenesis (as described in the accompanying report 
(13). A considerable T lymphocyte-mediated lysis was observed upon incubation of 
these turn- variants with peritoneal exudate cells collected a few days after an 
intraperitoneal challenge of immune animals. Spleen cells from these animals were 
cytolytic after stimulation in vitro with the immunizing variant. 

New antigens, absent from the original P815 turn ÷ cells, were detected on 15 of the 
21 turn- variants that were tested. All these antigens appeared to be different. No 
new antigen was detected on any of 10 mutagenized P815 clones that had retained 
their ability to form tumors. 

We compared the evidence obtained in vivo and in vitro for the presence of specific 
antigens on five turn- variants. Three variants were shown both in vivo and in vitro 
to carry an individual antigen. One showed no specificity either in vivo or in vitro. 
However, for one variant, no specificity was observed in vivo, although cytolysis tests 
demonstrated the existence of a singular antigenic specificity. 

We thank Myriam Georlette, Martine Marehand, and Anne-Marie Lebacq-Verheyden for 
their contribution to the experiments. We also thank Jean-Claude Leclerc, Elisabeth Simpson, 
Jean-Charles Cerottini, H. Robson Macdonald, and Pierre Masson for stimulating discussions 
and advice. The excellent technical assistance of Jean-Claude Gaudin and Huguette Delhez is 
acknowledged. 

Received for publication 2 June 1980. 

References  
t. Cerottini, j.  c., and K. T. Brunner. 1974. Cell-mediated cytotoxicity, allograft rejection 

and tumor immunity. Adv. ImmunoL 18:67. 



BOON, VAN SNICK, VAN PEL, UYTTENHOVE, AND MARCHAND 1193 

2. Wagner, H., and M. R611inghof. 1973. Cell-mediated immunity in vitro against syngeneic 
mouse plasma tumor cells. Nat. New Biol. 241:53. 

3. Leclerc, J. C., E. Gomard, F. Plata, and J. P. Levy. 1973. Cell-mediated immune reaction 
against tumors induced by oncornaviruses. II. Nature of the effector cells in tumor-cell 
cytolysis. Int. J. Cancer. 11:426. 

4. Lamon, E. W., H. Wigzell, E. Klein, B. Andersson, and H. M. Skurzak. I973. The 
lymphocyte reponse to primary moloney sarcoma virus tumor in BALB/c mice. J. Exp. 
Med. 137:1472. 

5. Evans, R., and P. Alexander. 1970. Cooperation of immune lymphoid cells with macro- 
phages in tumour immunity. Nature (Lond.). 228:620. 

6. Evans, R., and P. Alexander. 1972. Role of macrophages and lymphoid cells in syngeneic 
tumour immunity. Immunology. 23:615. 

7. Kiessling, R., E. Klein, and H. Wigzell. 1975. Natural killer cells in the mouse. I. Cytotoxic 
cells with specificity for mouse Moloney leukemia cells. Specificity and distribution 
according to genotype. Eur. J. Immunol. 5:112. 

8. Kiessling, R., and O. Hailer. 1978. Natural killer cells in the mouse: an alternative immune 
surveillance mechanism? Contemp. Top. Immunobiol. 8:171. 

9. Cerottini, J. C., H. D. Engers, H. R. Macdonald, and K. T. Brunner. 1974. Generation of 
cytotoxic T lymphocytes in vitro. I. Response of normal and immune spleen cells in mixed 
leucocyte cuhures.J. Exp. Med. 140:703. 

10. Boon, T., and O. Kellermann. 1976. Rejection by syngeneic mice of cell variants obtained 
by mutagenesis of a malignant teratocarcinoma cell line. Proc. Natl. Acad. ScL U. S. A. 74: 
272. 

11. Boon, T., and A. Van Pel. 1978. Teratocarcinoma cell variants rejected by syngeneic mice: 
protection of mice immunized with these variants against other variants and against the 
original malignant cell line. Proc. Natl. Acad. Sci. U. S. A. 75:1519. 

12. Van Pel, A., M. Georlette, and T. Boon. 1979. Tumor cell variants obtained by mutagenesis 
of a Lewis lung carcinoma cell line: immune rejection by syngeneic mice. Proc. Natl. Acad. 
Sci. 76:5282. 

13. Uyttenhove, C., J. Van Snick, and T. Boon. 1980. Immunogenic variants obtained by 
mutagenesis of mouse mastocytoma P815. I. Rejection by syngeneic mice.,]. Exp. Med. 152: 
1175. 

14. Julius, M., E. Simpson, and L. A. Herzenberg. 1973. A rapid method for the isolation of 
functional thymus-derived murine lymphoeytes. Eur. J. Immunol. 3:645. 

15. Takei, F.,J. Levy, and D. Kilburn. 1976. In vitro induction ofcytotoxicity against syngeneic 
mastocytoma and its suppression by spleen and thymus cells from tumor-bearing mice. J. 
Immunol. 116:288. 

16. Biddison, W., and J. C. Palmer. 1977. Development of tumor cell resistance to syngeneic 
cell-mediated cytotoxicity during growth of ascitic mastocytoma P815Y. Proc. Natl. Acad. 
Sci. U. S. A. 74:329. 

17. Hurme, M., P. R. Chandler, C. M. Hetherington, and E. Simpson. 1978. Cytotoxic T-cell 
responses to H-Y: correlation with the rejection of syngeneic male skin grafts.J. Exp. Med. 
147:768. 


