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Auto-tumor lysis by blood lymphocytes in vitro 

Strongly activated lymphocytes lack selectivity 
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Summary .  Selectivity of the lysis of the tumor cells by au- 
tologous blood lymphocytes and its various subsets was in- 
vestigated by means of the cold target competition assay. 
The effectors were autologous lymphocytes passed through 
a nylon-wool column (unfractionated: U) and their low- 
and high-density subsets, either without or after activation. 
The lymphocytes were activated (a) in autologous mixed 
lymphocyte tumor cell culture in autologous (MLTC), (b) in 
mixed lymphocyte culture (MLC), without and with in- 
terleukin-2, for 6 days, or (c) by phytohaemagglutinin for 
3 days. Autologous-lymphocyte-mediated cytotoxicity (auto- 
tumor lysis: ALC) by the unfractionated, unmanipulated 
blood lymphocyte (U) population, its high-density fraction 
and those induced for auto-tumor lysis in the MLTC is 
regularly weak and affects only the autologous tumor cells. 
Their ALC function was inhibited only by the target iden- 
tical unlabelled cells while the effect of separated low-den- 
sity lymphocytes was inhibited also by allogeneic tumor 
cells. 

The cold-target competition assay indicated that sever- 
al subsets with different specificities exist simultaneously 
in the effector populations activated in MLC, because the 
various targets did not cross-compete or did so only par- 
tially. Whenever interleukin-2 was added, at the start of 
the mixed cultures (MLTC or MLC), the lytic effects were 
no longer selective. Phytohaemagglutinin-activated effec- 
tors lysed several targets. These targets were inhibitory in a 
criss-cross fashion. Generally, populations showing auto- 
tumor selectivity had weak lytic effects, while the strongly 
activated effectors, with strong cytotoxic function, were 
not selective. 

Introduct ion 

If tumor cells express antigens recognized by the immune 
system, lymphocytes with the corresponding receptors are 
expected to be present in the blood of the patients. Such 
lymphocytes may be deteced in vitro by their reactivity 
with the tumor cells. In patients with antigenic tumors, im- 
munotherapeutic strategies are expected to provide benefi- 
cial effects. The meagre therapeutic results achieved until 
now could be taken as proof that the tumors that reach the 
clinically detectable stage do not encounter an immune re- 
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sponse; they are either not immunogenic or the patients 
are unable to mobilize immunological effector mecha- 
nisms. However, the results obtained in various types of in 
vitro experiments indicate the existence of lymphocytes 
that can recognize autologous tumor cells. 

Among the assays used for detection of antitumor reac- 
tivity, lysis of the tumor cells has been used extensively. 
Such experiments, performed mainly with cultured tumor 
targets, led to the discovery of the natural killer cells. The 
present concensus is that a direct lymptiocyte-mediated at- 
tack occurs in vitro on the basis of two essentially different 
types of recognition. When antigens, presented by the 
major histocompatibility complex (MHC) molecules, in- 
teract with the corresponding receptor-carrying members 
of the T cell repertoire, the effectors are named for cyto- 
toxic T lymphocytes (CTL). The CTLs are selective, they 
are generated in the immune response involving the steps 
of antigen presentation, enlargement of the relevant 
clones, and establishment of immunological memory. 
When cytotoxic effectors are induced to function via other 
mechanisms of interaction, the lysis of the targets occurs in 
a non-selective manner. Operationally such effectors are 
designated as natural killer, or as activated killer, also 
named interferon-activated or lymphokine-activated cells 
[3, 6-8,  16, 19, 27]. Membrane structures of the interacting 
cells, other then antigens, which are involved in cytotoxic- 
ity, have been recently identified [5]. Antibodies against 
these cell-surface molecules inhibit contact between the 
lymphocytes and targets. The CTL and natural killer phe- 
nomena are usually distinguished by the MHC restriction, 
the former but not the latter exhibiting this [12, 20, 24, 37]. 

The surface moieties recognized by the autologous 
lymphocytes on the tumor cells are not known. In the ma- 
jority of cases, the lytic effect of T-cell-enriched blood 
lymphocytes (autologous lymphocyte-mediated cytotoxic- 
ity; ALC) was selective and allogeneic tumors were rarely 
lysed [31]. We have shown that the MHC class I molecules 
are required for the lytic interaction [33], therefore it is 
likely that the ALC represents an antigen-specific CTL ef- 
fect. On the other hand, with subsets separated on the basis 
of cell density, in the large majority of experiments the ef- 
fectors were found in the low-density lymphocyte popula- 
tion [9, 28]. This subset is heterogeneous, containing large 
granular lymphocytes with non-restricted cytotoxic func- 
tion [23]. The majority of the cells carry T cell markers. 
The relatively high spontaneous DNA synthesis and the 
higher proportion of cells with interleukin-2 (IL-2) recep- 



126 

tors in this subset, point to the presence of activated 
T lymphocytes [2, 31]. 

The specificity of a cytotoxic lymphocyte population 
can be investigated by the cold target competition assay. 
The method provides information about whether a partic- 
ular set of targets, if lysed by the population is recognized 
by the same or different sets of effectors [11, 21]. With the 
help of this assay we have investigated the specificity of 
various auto-tumor-lysing populations including activated 
cells generated in mixed cultures. 

Materials and methods 

Tumor cell suspensions were prepared from surgical speci- 
mens of 16 lung tumors (8 squamous cell, 4 adeno carcino- 
mas, 3 small-cell, and 1 carcinoid), 1 ovarian, 1 breast and 
2 renal carcinomas, 2 malignant melanomas and 4 malig- 
nant mesenchymal tumors. Macroscopically distinguish- 
able tumor tissue, without necrosis, was excised from the 
surgical specimens and finely minced with scissors in the 
presence of collagenase and DNase. The amounts of 
enzymes depended on the appearance of the tissue. In gen- 
eral, the higher the proportion of dead cells, the larger 
amount of DNase added, and the more collagen material 
in the specimen the higher amont of collagenase added. 
The amount varies between 20 mg and 50 mg for colla- 
genase and between 2 mg and 5 mg for DNase. The tumor 
material is then gently passed through a stainless-steel 
mesh into collagenase (3 mg/ml)  and DNase (0.2 mg/ml)  
containing balanced salt solution. By sequential centrifu- 
gation, the majority of debris is eliminated and the tumor- 
cell-enriched (60 g sediment) and lymphoid-cell-enriched 
(500 g sediment) suspensions are obtained. Each is further 
fractionated on Percoll dicontinuous gradients. Three mil- 
liliters of 10%, 15% and 20% Percoll solutions are layered 
into 15-ml Falcon tubes (no. 2057), (5 -10)x  106 cells are 
placed on the top of the gradient in 1-2  ml volume and 
the tubes are centrifuged at 25 g for 3 -5  min. The tumor 
cells usually collect at the lower part and at the bottom of 
the tube. Lymphocytes, erythrocytes and debris remain at 
the top and intermediate layers. Contaminating non-viable 
cells and erythrocytes are eliminated, by further sedimen- 
tation on Ficoll/Isopaque (FI) gradients. The gradient 
is made up of 3 ml 1.055 g /cm 3 FI solution (corresponding 
to 75% stock solution, diluted with balanced salt 
solution, layered on the stock solution (100% FI, density, 
1.077 g/cm3). On this gradient after centrifugation 
(900 g for 10 rain at 4 ° C) the viable cells are recovered at 
the interface between the 100% and 75% FI. Cells of cer- 
tain tumor types (glioma, liposarcoma and melanoma) col- 
lect on the top of the 75% FI, but generally, the top frac- 
tion contains debris, macrophages and damaged cells. 
Erythrocytes and non-viable cells sediment to the bottom. 
Following washes, the viable cells are incubated in plastic 
tissue-culture flasks in RPMI 1640 medium supplemented 
with 10% human serum, for 30 rain at 37 ° C. Each step can 
be repeated if necessary. The non-adherent cells, mainly 
tumor cells, are harvested and incubated overnight in cell- 
culture conditions, prior to the test. Experiments were per- 
formed only with suspensions which contained >80% 
viable tumor cells and <5% non-malignant cells. Non- 
malignant tissues were processed similarly. 

Characterization of the tumor cell suspensions. For morpho- 
logical characterization, tumor cells were deposited on 

slides, fixed immediately with the Spray-cyte water-soluble 
fixative (Clay Adams Div. Becton Dickinson and Co., Par- 
sippany, N. J.) and stained according to Papanicolau. For 
the evaluatiol~ of composition of the suspensions 400-800 
cells were scored. 

Treatment of the tumor cells with monoclonal antibody 
(mAb) W6/32. One aliquot of the tumor cells was incubat- 
ed for 30 rain at room temperature with W6/32 mAb 
(1 ~tg/106 cells), which react with a monomorphic determi- 
nant of the heavy (c 0 chain of MHC class I molecules. 
After two washes the cells were used as unlabelled targets. 

Blood lymphocytes. Nylon-wool-non-adherent (U) lympho- 
cytes were separated from heparinized blood and in some 
experiments they were further fractionated on Percoll den- 
sity gradients according to the methods described earlier 
[23, 31]. The low-density (LD) fraction was collected at the 
37.5% and 40% Percoll interface, and the high-density 
(HD) fraction at the 47% interface. In the LD fraction 58% 
of the cells (range 38-70) reacted with OKT3, 22% (range 
13-25) with NKH1 mAbs and 35% (range 18-42) with 
Leul9 mAb. The IL-2 receptors (detected with anti-Tac 
mAb) were expressed on 7%-15% of the ceils. Of these 
cells, 55% (range 38-63) had the morphology of large 
granular lymphocytes. More than 99% of the cells in the 
HD fraction reacted with the OKT3 mAb. They did not 
bind N K H I ,  Leul9 or anti-Tac mAbs. 

In 18 experiments the level of [3H]thymidin uptake 
was lower in the HD than in the LD (A+ SD = 
365 _+ 96 cpm and 986 + 218 cpm respectively), which indi- 
cate the elevated state of activation of the latter. 

Activation of lymphocytes in various types of mixed lympho- 
cyte cultures. Aliquots of the lymphocytes (107 cells/flasks) 
were mixed with 105-106 autologous tumor cells for the 
autologous mixed lymphocyte tumor cell cultures (MLTC) 
(we found the optimal ratio within this range) and with 
5× 106-107 mitomycin-C-treated allogeneic non-T cells 
from one single donor, for the mixed lymphocyte culture 
(MLC) or a mixture of allogeneic non-T lymphocytes from 
ten donors for the pool MLC. The cultures (10-15 ml in 
volume) were incubated in plastic tissue-culture flasks 
(type 1013, Falcon Labware) in tissue-culture conditions 
for 6 days. In some instances 2.5 U/ml  highly puri- 
fied IL-2 (Lymphocult-T-HP, Biotest-Serum Institut, 
6000 Frankfurt/Main 73, FRG) was also included in the 
MLTC. 

The [3H]thymidin incorporation of the MLTC, MLC 
and MLTC+IL-2  effectors, increases in this order. 
A_+ SD was 3914_+563cpm, 17336_+1339cpm and 
39 150_+ 2712 cpm respectively, indicating the differences 
in their functional state. 

The 6-day MLC and pool MLC contained 90%-98% 
cells reactive to OKT3, 23%-30% to OKIa  and 25%-30% 
to anti-Tac mAb. The cell yield was between 150% and 
200% of the input. The composition of the 6-day MLTC 
and MLC effectors was similar, but the cell yield was 
lower and highly variable in the different experiments 
(30% and 80% of the input). The cell yield in the IL-2 con- 
taining cultures was 2 -3  times higher for the MLC and be- 
tween 1-1.5 times the MLTC. 

Activation with phytohaemagglutinin. Blood lymphocytes 
(107/flasks) were cultured with 0.5 ~tg/ml purified phyto- 
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England) for 5 days. One-half of the medium was changed 
with fresh on day 3. The cells (60%-70% blasts) were used 
as effectors. In three experiments, lymphocytes were ex- 
posed to the same concentration of phytohaemagglutinin 
only during the cytotoxic assay. 

Treatment with coneanavalin A. Lymphocytes used as unla- 
belled targets were exposed for 3 -5  days to 5 mg/ml  
ConA grade I I I  (Sigma Chemical Co., St. Louis, Miss, 63178 
USA). After washing with 0.1 M c~-methyl mannose, they 
were exposed to 0.2% formaldehyde in phosphate-buffered 
saline for 30 min in an ice bath and washed three times 
with ice-cold phosphate buffered saline. The advantage of 
ConA blasts in the cold-target competition tests is the easy 
removal of the lectin, which is necessary to ascertain that it 
does not influence the cellular interactions. 

Cytotoxic assay. The method of the 5-h 51Cr-release assay 
for the detection of autologous lymphocyte-mediated cyto- 
toxicity (ALC) was used as described earlier [31]. The per- 
centage of 51Cr release (cpm) was calculated from the fol- 
lowing formula: (51Cr in supernatent/51Cr in supernatant 
and  cell pellet) 100. The percentage specific 51CR release 
was then determined by the formula: (% release in test - %  
spontaneous release) / (% maximum release - %  sponta- 
neous release) x 100. Tests in which spontaneous release 
exceeded 50% were discarded. In the present series the 
spontaneous 51Cr release varied between 11% and 45% 
(mean 24%). Statistical significances were calculated from 
the cpm values of quadruplicate samples by Student's 
t-test. The criterion for positivity was that the level of 51Cr 
release had to be at least 10% over the spontaneous release 
and the P value < 0.05. 

Cold-target competition. Effectors (5 x 10 6 cells/well) were 
dispersed in 50 txl medium and increasing numbers of un- 
labelled targets were added in 50 txl. The ratios of effector 
to unlabelled targets were between l : l  and 10:1. The 
plates were then centrifuged at 800 g for 10 s and incubat- 
ed for 30 min at 37 ° C. They were then shaken (Titretek 
plate shaker, Flow Laboratories Ltd, Irvine, Ayrshire, 
Scotland) and the 51Cr-labelled targets (104 cells/well) 
were added in 100 lxl medium. The ratios of labelled: unla- 
belled cells varied between 2:1 and 1:10. The volume of 
each well was adjusted to 200 pl. After centrifugation 
(800 g for 10 s) the plates were incubated and processed in 
the usual cytotoxic assays. Statistical significances were 
calculated on the cpm values of quadruplicate samples by 
Student's t-test. 

Strategy of the experiments. Owing to the limited number 
of tumor cells and lymphocytes, the experiments represen- 
ting different combinations between the various types of 
autologous and allogeneic reactants could not be perform- 
ed in the same experiments. The effectors were unmanipu- 
lated ex-vivo lymphocytes or lymphocytes subjected to 
various types of activation, such as exposure to autologous 
tumor cells in MLTC, exposure to allogeneic lymphocytes 
in the MLC, or exposure to IL-2, which was added to one 
aliquot of MLTC and MLC cultures, or to phytohaemag- 
glutinin. As targets and unlabelled competitors, autolo- 
gous and allogeneic tumor or non-malignant cells were 
used. 
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Fig. 1. Admixture of unlabelled autologous (O) adenocarcinoma 
of the lung, lung-tissue-derived non-malignant cells (A) and con- 
canavalin A (ConA) blasts (A) and allogeneic lung adenocarci- 
noma (11) cells into the auto-tumor lytic test performed with the 
unfractionated lymphocyte population (A), with the high- (B) and 
with the low-density (C) subsets. D Lysis of the allo-tumor by low- 
density lymphocytes. The level of cytotoxicity (percentage Specific 
5~Cr release) without competitor is indicated in these and in the 
following figures. In all figures inhibitions are expresed as per- 
centage inhibition of specific 5LCr release 

Results 

Freshly harvested blood lymphocytes 

Our earlier experiments showed that the unfractionated, 
nylon-wool-passed blood lymphocyte population of tumor 
patients rarely lyses allogeneic tumor cells. In accordance 
with this, an admixture of allogeneic tumor cells did not 
inhibit the auto-tumor lysis. Autologous ConA blasts and 
non-malignant lung tissue cells did not inhibit either 
(Fig. 1 A, Table 1). 

In six experiments, density-fractionated lymphocytes 
were the effectors (Table 1). In one of four tests the HD 
cells lysed the autologous but not the allogeneic adenocar- 
cinoma cells, and the auto-tumor lysis was not influenced 
by the admixed unlabelled allogeneic tumor (Fig. 1 B). In 
three of five tests the LD cells lysed both autologous and 
allogeneic tumor cells and these effectors could be inhib- 
ited in a criss-cross fashion (Fig. 1 C-D) .  However, the in- 
hibitory effects were not complete, indicating the existence 
of effector sets each acting on only one of the targets. 
Cross-reactive and selective effectors were detected with 
LD lymphocytes of two out of three additional patients 
(Table 1). 



Effector Target No. of Inhibition of the lysis 
popula- tumor positive by admixed 
tions test a 

Tumor Non-malignant 

Auto. All©. Auto. All©. 

0/5 U b Auto. 9/21 5/5 ~ 0/5 0/5 
U All©. 0/10 
LD Auto. 5/6 3/3 2/3 0/1 
LD All©. 3/5 2/2 2/2 0/1 
HD Auto. I /4 1/1 0/I 0/1 
HD All©. 0/3 

z 

c :3  

= 50 

a The results obtained in the series of experiments during the 
period when the competition tests were performed 
b U, unfractionated, blood lymphocytes passed through nylon 
wool; LD and HD are the high- and low-density fractions of U 
c At least 50%inhibition/number of tests 
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Fig. 2. Auto-tumor lysis (squamous ceil carcinoma) in the pres- 
ence of unlabelled identical untreated ((3) and W6/32-mAb- 
treated cells (-~). The W6/32-mAb-treated tumor cells were not 
lysed by the lymphocytes when used as targets 
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T a b l e  1. Summary of the cold target competition tests with 
blood lymphocyte populations 

UNLAB ELLED = LAB ELL ED TAR GETS 

Fig. 3. Auto-tumor lysis by lymphocytes activated in 6-day mixed 
lymphocyte tumor cell culture (MLTC) (squamous cell carcino- 
ma). A Admixture of unlabelled target (O), ConA blasts (/x) and 
allogeneic aden©carcinoma (11) (not lysed by these effectors). 
B Auto-tumor lysis by effectors generated in MLTC in the pres- 
ence of interleukin-2. Unlabelled targets: autologous aden©carcin- 
oma (©) and ConA blasts (/x) (lysed by these effectors) 

In one experiment, the unlabelled tumor cells were 
added both without and with pretreatment with W6/32 
mAb (Fig. 2). The antibody-treated cells were not lysed 
and they did not inhibit the lysis of  untreated cells. Thus, 
the targets were not recognized by the lymphocytes when 
their class I antigens were blocked by antibodies. 

Mixed lymphocyte tumor cell cultures, MLTC 

Auto-tumor cytotoxicity is often generated in autologous 
MLTC. The effect is usually selective, in that allogeneic tu- 
mors are rarely lysed [26, 36]. The cold-target competition 
confirmed the selectivity, i.e. the lysis of  autologous tumor 
was not inhibited by allogeneic tumor cells (eight experi- 
ments) or by autologous and allogeneic ConA blasts (sev- 
en and six experiments respectively) (Table 2). The results 
of  one experiment are shown in Fig. 3 A. 

When IL-2 (5 U/ml)  was added to the mixed culture, 
considerably stronger auto-tumor cytotoxicity was gener- 
ated. This cytotoxicity was not selective, allogeneic tumor 
cells and autologous ConA blasts were also lysed. These 
blasts competed for the tumor target (Fig. 3 B). Two addi- 
tional experiments gave similar results (Table 2). 

Mixed lymphocyte cultures, MLC 

Lymphocytes stimulated in conventional MLC can often 
lyse autologous tumor cells [1, 14, 17, 18, 22, 28, 35]. When 
lymphocytes from one ovarian carcinoma patient were 
stimulated in MLC, the admixture of  tumor cells (rhab- 
domyosarcoma) from the "stimulator" patient altered the 
lysis of  autologous tumor only marginally and the lysis of  
these rhabdomyosarcoma cells was not inhibited by ad- 
mixture o f  the autologous tumor cells (Fig. 4A, B). Thus 
there was no cross-reactivity between the autologous and 
allogeneic targets, the sets of  effectors against them did not 
overlap. MLC-stimulated effectors from one healthy indi- 
vidual lysed the cells from allogeneic small-cell lung carci- 
noma and square©us cell carcinoma of  the lung (Fig. 4 C). 
These allogeneic cells did not cross-inhibit. Admixture of  
ConA blasts, derived from the same individual, inhibited 
the lysis of  tumor ceils. Similar results were obtained with 
MLC effectors in 7 autologous and 15 allogeneic combina- 
tions (Table 2). 

In three experiments MLC effectors, stimulated by 
lymphocytes from one individual, were compared with the 
atiquots exposed to pooled lymphocytes from ten donors 
(Table 2). The auto-tumor inhibition obtained with alloge- 
neic tumors on the MLC and pool MLC effects was com- 
parable. However, in one out of  three experiments a par- 
tial cross-competition was obtained between two squa- 
mous cell carcinomas of  the lung when pool-MLC-activat- 
ed cells were the effectors (Fig. 5 A, B). The same effectors 
did not affect the ovarian carcinoma cells, and these did 
not cross-compete with the two square©us cell carcinomas. 
It is important  to note that autologous ConA blasts did not 
inhibit in either tests, while ConA blasts from the another 
individual, whose tumor was the target, inhibited the ef- 
fect. Since lymphocytes from the patient who provided the 
allogeneic tumor target were included in the stimulator 
pool this reactivity is expected and represents a regular al- 
l© response. The experiments are therefore well-controlled 
and suggest the specificity of  the auto-tumor lysis on the 
effector level. 
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Lymphocytes Tumor targets 
activated" 

Autologous Allogeneic 
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Tumor Non-malignant b Tumor Non-malignant 

Auto. Allo. Auto. Allo, Auto. Allo. Auto. Allo. 

MLTC 9/9 c 0/8 0/7 0/6 
MLC 7/7 0/7 0/3 0/3 1/15 17/17 d 0/13 12/12 
Pool-MLC 3/3 1/3 0/1 1/1 
MLTC + IL-2 3/3 2/2 1/1 2/2 1/1 1/1 
MLC + IL-2 4/4 4/4 2/2 2/2 5/5 5/5 0/1 2/2 
PHA 3/3 2/2 1/1 7/7 7/7 1/1 3/3 

a Blood lymphocytes were exposed to autologous tumor cells (MLTC), to allogeneic lymphocytes from one (MLC) or ten donors (pool- 
MLC), with or without admixture of interleukin-2 (IL-2) and phytohaemagglutinin (PHA) (0.1 p.g/ml) 
b ConA blasts or ex-vivo non-malignant tissue cells 
c AI least 50% inhibition/total number of tests 
d Tumors from the individuals whose lymphocytes were the stimulators. The competition pattern with lymphocyte targets was similar to 
that obtained with the tumor cells 
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Fig. 4, Cytotoxicity by allogeneic lymphocyte- 
activated (MLC) effectors on the autologous 
ovarian carcinoma (A) and allogeneic rhab- 
domyosarcoma (from the stimulator) (B). Ad- 
mixture of the unlabeled autologous ( 0 )  and al- 
logeneic ( I )  tumor cells (criss-cross assay). 
C Allo-tumor lysis. The MLC-activated effectors 
are from a healthy individual. The target is a 
squamous cell carcinoma. Unlabelled targets: 
the target identical ([3), another tumor (small- 
cell lung carcinoma, lysed by the effectors) ( ~ )  
and ConA blasts from both patients (A,  • re- 
spectively) 
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Fig. 5. Auto-tumor (squamous cell carcinoma) lysis by lympho- 
cytes activated by MLC (A) and pool-MLC (B). Unlabelled tar- 
gets: autologous (O), allogeneic tumor (squamous cell carcinoma) 
( • )  and ovarian carcinoma (4~). The ovarian carcinoma was not 
lysed by any of these effectors and the allogeneic tumor was not 
tested as labelled target 

When IL-2 was added at the initiation of the MLC, the 
cytotoxicity was no longer selective, i.e. allogeneic tumors 
and ConA blasts were also lysed and these competed for 
the tumor targets in all cases (Table 2). 

Phytohaemagglutinin-activated lymphocytes 
The lectin-induced cytotoxicities were shown to be non-se- 
lective (Fig. 6). This was the case also when phytohaemag- 
glutinin was added to the cytotoxic assay (Fig. 7 A, B). Au- 
to-tumor lysis by phytohaemagglutinin-pretreated lympho- 
cytes was inhibited by the autologous ConA blasts, (con- 
trasting the lack of inhibition for the auto-tumor lysis by 
cells generated in MLTC, shown in Fig. 3 A). Allo-tumor 
lysis was also competed for by ConA blasts from the tu- 
mor patient. Lymphocytes derived from healthy donors, 
treated in similar way, were cytotoxic for the tumor cells 
and the competition pattern was similar (Fig. 7 C, D). Sim- 
ilar results were obtained in three autologous and seven 
allogeneic combinations (Table 2). 
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Fig. 6. Auto-tumor (squamous cell carcinoma) lysis by lympho- 
cytes cultured in 0.1 gg/ml phytohaemagglutinin. Unlabelled tar- 
gets: autologous tumor (©) and autologous ConA blasts (A) 
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Fig. 7. Lysis of melanoma cells by lymphocytes in the presence of 
phytohaemagglutinin (0.1 ~tg/ml). A, B, Autologous effectors. 
C, D, Effectors from a healthy donor. Unlabelled targets: auto- 
logous (©) and allogeneic (11) melanomas and breast carcinoma 
cells ([]) 

Discuss ion  

The auto-tumor reactivities of blood lymphocytes mea- 
sured in vitro point to the existence of tumor-recognizing 
T lymphocytes with the characteristics of antigen specific- 
ity. One important feature in which the auto-tumor-lysing 
lymphocytes resemble CTLs is the requirement of the 
MHC class I antigens on the target [10, 32-34]. 

In a group of patients with lung carcinomas and with 
malignant mesenchymal tumors we have obtained a corre- 
lation between the auto-tumor lysis, measured at the time 
of surgery, and the post-surgical clinical course. This sug- 
gests that immunological recognition may control tumor 
growth [30]. Selectivity of the lysis for the autologous 
tumor and correlation of the results with the clinical 
course were observed only with the T-cell-enriched, un- 
fractionated population of blood lymphocytes. When 
tested separately, the low-density subsets (LD) damaged 
the autologous tumor cells in a higher proportion of cases 
and they had a broader target panel, including allogeneic 
tumors [29, 33]. The LD cells show elevated DNA syn- 
thesis, their size is large (compared to the HD) and a high 
proportion express IL-2 receptors. Thus, the subset con- 
tains activated T cells, which is reflected in the broader 
target panel in their lytic potential. The results of the cold- 
target inhibition assay suggest that while a proportion of 
LD cells can lyse more than one target, selective effectors 
also exist among them. 

Auto-tumor lysis can be generated in mixed cultures. 
Cocultivation with autologous tumor cells represents the 
specific stimulus and in the MLTC selective cytotoxicity 
was induced. Lysis of allogeneic tumors of the same histo- 
logical types, was rare [26, 28, 35, 36]. In accordance with 
these earlier observations, the auto-tumor lysis induced in 
MLTC was not inhibited by admixture of allogeneic tumor 
or autologous ConA blasts. 

In a recent publication, reporting the results in a 
mouse tumor system, the IL-2-activated population con- 
tained effector subsets with narrow ranges of specificity, 
i.e. separate subsets lysed the autologous or allogeneic 
tumor cells and the allogeneic blasts. Lysis of each alloge- 
neic blast was competed for only by cells of the same ha- 
plotype. The LAK cells acting on trinitrophenol-modified 
blasts were shown to stem from Thy-1 +, while those acting 
on tumor cells came from Thy-1- precursors [13]. In 
human ovarian carcinomas, effectors maintained in the 
presence of IL-2 (1000 U/ml) lysed a wide range of autolo- 
gous and allogeneic tumor cells and the different tumor 
targets cross-competed with each other [7]. Our results are 
consistent with the latter observation, i.e. the MLTC effec- 
tots did not have selectivity when IL-2 (5 U/ml) was 
added at the initiation of the culture. 

Activation of lymphocytes for auto-tumor lysis can oc- 
cur in MLC [1, 14, 17, 18, 22, 28, 35]. We showed that in 
these cultures distinct alloreactive populations coexist. The 
different tumor targets did not cross-compete but each was 
competed for by the ConA blasts from the same individu- 
al. In addition to the specific alloreactive subsets, a pro- 
portion of effectors lysed more than one target, as indicat- 
ed by the cross-inhibitions. This was more evident with the 
pool-MLC-stimulated effectors. The beneficial effect of in 
vivo allosensitisatiton in murine malignancies [14, 15] and 
the graft-versus-leukemia phenomenon [25] are consistent 
with the selectivity of MLC effectors acting on autologous 
tumor but not on non-malignant cells. In this context, lysis 
of allogeneic tumors is not a relevant function. 

Auto-tumor-selective cytotoxic lymphocytes could not 
be detected in strongly activated populations, i.e. when 
IL-2 or phytohaemagglutinin was added. 

I1-2-activated cells are now used for therapeutic pur- 
poses. The mechanism of the observed beneficial effects in 
vivo is difficult to asses. It is, however, likely that they do 
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not act through direct damage of the tumor cells. If their 
direct effect were the relevant function, their widened tu- 
mor target panel  would not  necessarily create problems, 
because this is irrelevant in the autologous host. However, 
when the lymphocytes can also attack non-mal ignant  cells 
in vitro, such as ConA blasts, they may also harm normal  
cells in vivo. 
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