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Summary. L ymphocytes from cancer patients were stimulated in 
mixed culture with autologous tumour (MLTC) or pooled 
allogeneic lymphocytes (MLC). Both protocols induced 
increased uptake o f  3H-thymidine at 5 days and the appearance 
of  lymphoblasts. Blasts were isolated on discontinuous Percoll 
gradients and either expanded as bulk cultures or cloned directly 
under limiting dilution conditions in the presence of  conditioned 
medium containing IL-2. Results with ML TC-blast-CTC have 
been reported elsewhere. MLC-activated cultures lysed autolo- 
gous tumour but not autologous lymphoblasts. Lysis of  some 
aUogeneic tumours, lymphoblasts from members of  the induc- 
ing pool, and K562 was also apparent. ML'C activated cultures 
did not undergo restimulation in response to autologous tumour 
or lymphocytes but were restimulated by leukocytes from pool 
members. 

ML TC clones showed autologous tumour-specific cytotoxic 
activity or cross-reactive proliferative responses with tumours of  
the same site and histology. The majority of  MLC  clones 
cytotoxic for autologous tumour were also specific and did not 
lyse allogeneic tumour, K562, or lymphoblasts from the 
inducing pool. Two clones lysed autoIogous tumour and pool 
members. None of  the clones tested proliferated in response to 
autologous tumour following MLC activation but some were 
responsive to pool members and one clone was restimulated by 
autologous monocytes. No association was found between clone 
phenotype and function. The implication of  these data is that the 
effector cells with activity against autologous tumour induced in 
MLC arose largely by transstimulation of in vivo-activated 
tumour reactive lymphocytes by IL-2 release rather than 
expansion of  NK-like effectors or sharing of antigenic specif- 
icities between tumour and allogeneic lymphocytes. Since MLC 
activation of  cancer patients lymphocytes does not induce 
proliferative responses to autologous tumour it is unlikely to be a 
useful procedure in preparing cells for immunotherapy proto- 
cols. 

Reprint requests should be addressed to B. M. Vose at his present 
address: Department of Immunology, Imperial Chemical Industries, 
Pharmaceuticals Division, Mereside, Alderley Park, Macclesfield, 
England 
Abbreviations used in this paper: PBL, peripheral blood lymphocytes; 
TIL, turnout infiltrating lymphocytes; MLTC, mixed lymphocyte 
tumour culture; IL-2, interleukin-2; MLC, mixed lymphocyte culture; 
LSM, lymphocyte separation medium; BSS, balanced salt solution; 
HuSe, human serum; PBS, phosphate-buffered saline; CTC, cultured 
T cells; PHA, phytohaemagglutinin; CM, cultured medium; NK, 
natural killer; FcR, receptor for the Fc portion of IgG 

Introduction 

Some (20%-30%) patients with cancer were shown to have 
lymphocytes in the blood (PBL) and tumour-draining lymph 
nodes and within the tumour (TIL) which had specific 
cytotoxic activity against freshly isolated autologous tumour 
cells in short-term 5~Cr-release assays [18, 21, 30, 33]. 
Co-cultivation of lymphocytes with autologous turnout (mixed 
lymphocyte tumour culture, MLTC) induced (i) the appear- 
ance of lymphoblasts; (ii) DNA synthesis measurable by 
uptake of 3H-thymidine [16, 17]; and (iii) the induction or 
augmentation of specific anti-tumour cytotoxicity [16-18, 31, 
32]. These reactions were apparent in 60% -75% of patients. 
Taken together these data implied that autorecognitive 
tumour-reactive T cells were present in the patients: an 
observation which raises the possibility of their use in specific 
immunotherapy of human neoplasia [27]. We and others have 
recently shown that following activation in MLTC it was 
possible to expand cytotoxic T lymphocytes by culture in the 
presence of interleukin-2 (IL-2) and that cultured T cells 
retained their specificity for autologous tumour cells [15, 19, 
22, 24]. In addition, it was possible to demonstrate that 
cultured T cells could be restimulated by autologous tumour 
cells in primed lymphocyte tests. Using IL-2 in limiting dilution 
assays it was also possible to enumerate precursors of both 
proliferative and cytotoxic T lymphocytes responding in 
MLTC. Approximately 1/600 to 1/1,000 PBL and 1/200 to 1/600 TIL 
proliferated in the presence of tumour, and of those one-half to 
one-quarter were cytotoxic for autologous tumour [22]. 

This enrichment of anti-tumour effectors at the tumour site 
considerably strengthens the view that in at least some 
individuals the tumour is indeed immunogenic and that homing 
or selective trapping of reactive lymphocytes can occur. 

However, the induction of cytotoxic activity against freshly 
isolated autologous tumour is not restricted to MLTC-stimu- 
lated cultures. Sensitisation of patients' lymphocytes in mixed 
lymphocyte culture (MLC) [5, 14, 15, 35], by lectins [11] or by 
lectin-free IL-2 preparations without other stimulation [7, 9, 
29] have been shown to induce autologous tumour cytotoxicity. 
Lysis of third-party targets was also found in these studies, so 
that the exact significance and nature of the cytotoxic effector 
remained unclear. 

In the present study, we compared activation of patients' 
lymphocytes in MLC and MLTC to determine whether both 
proliferative and cytotoxic activities against autologous tumour 
were induced. Cloned cytotoxic and proliferative lines have 
been derived from MLC and MLTC to facilitate this 
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comparison. By use of these clones it has been possible to show 
that cytotoxic activity in MLC-activated populations was 
attributable largely to expansion of specific in vivo-activated 
T-cell populations by IL-2 release rather than expansion of 
NK-like effectors [7, 12], since tumour cell lysis in the absence 
of killing of K562 was found. The possibility that tumour and 
stimulators might share antigens [1, 2] appeared unlikely since 
clones showed specific reactivity with tumonr and most 
frequently did not lyse allogeneic lymphoblasts. 

Materials and methods 

Lymphocytes. Lymphocytes from patients with cancer of the 
breast or colon were isolated from heparinised venous blood 
samples (30-40 ml) by centrifugation (900g, 15 min, room 
temperature) of 10-ml aliquots on 10-ml gradients of lympho- 
cyte separation medium (LSM Flow Laboratories, Irvine, 
Scotland). Mononuclear cells were harvested from the inter- 
face, washed twice in Hank's balanced salt solution (BSS) and 
resuspended in 20 ml RPMI 1640 supplemented with 10% 
heat-inactivated (56 ° C, 30 min) autologous plasma (HuSe), 
ampicillin (100~g/ml), streptomycin (100~g/ml), flagyl 
(10 ~zg/ml) and amphoteracin B (2.5 ~g/ml). Adherent mono- 
cytes were depleted by incubation (30 min, 37 ° C) of cells in 
Costar 75-cm 2 culture flasks and non-adherent cells were 
enriched for T lymphocytes by passage through nylon wool 
columns [8]. Monocytes were isolated from the flasks by 
treatment with 0.2% EDTA in PBS containing 5% fetal calf 
serum for 10 min on ice. 

Tumour cells. Tumour cell suspensions were prepared from 
tissue within 2 h of removal as previously described [23]. Tissue 
was finely minced and placed in an enzyme mixture consisting 
of collagenase (2 mg/ml), hyaluronidase (0.1 mg/ml), and 

DNAse (0.01 mg/ml) in Hank's BSS. All enzymes were 
obtained from Sigma Chemical Co., St Louis, Missouri, USA. 
The mixture was stirred slowly for 3 h, cells harvested, fresh 
enzyme mixture added, and dispersion continued until com- 
pleted (overnight). Cells were washed twice in Hank's BSS, 
layered onto a 10-ml gradient of LSM (density 1.077), and 
centrifuged (900g, 10 min). Cell debris, dead cells, and 
erythrocytes passed through LSM to yield a heterogenous but 
largely viable population at the interface. Cells were washed 
twice in Hank's BSS, resuspended in 20-40  ml RPMI + 10% 
HuSe, and incubated for 4 h at 37 ° C in 75-cm 2 Costar culture 
flasks to allow regeneration of cell surface components. 
Adherent cells consisted primarily of macrophages (non-spe- 
cific esters positive, FcR-positive, phagocytic ) [20], although 
occasionally small numbers of tumour cells did adhere under 
these conditions. Non-adherent cells were applied to a 
two-stage gradient comprising 6 ml LSM overlayed with a 3 : 4 
dilution of LSM in PBS (density 1.055). After centrifugation 
(900g, 10min, room temperature) a lymphocyte-enriched 
population was taken from the LSM interface and a tumour 
cell-enriched layer isolated on the upper interface. Tumour-in- 
filtrating lymphocytes were purified further by passage through 
nylon wool columns to yield a population of > 95% 
lymphocytes more than 85% of which were OKT3-positive. 
The tumour cell-enriched layer (in 2 ml RPMI) was layered 
onto HuSE (8 ml) and allowed to stand for 2 h at 22 ° C. 
Tumour cells had a high sedimentation rate (1 cm/h) and could 
thus be separated from contaminating lymphocytes. Tumour 
cells were used a~' stimulators in mixed lymphocyte-tumour 
cultures (MLTC) or cryopreserved (3 -5  x 106 cells in 2 ml) 
over liquid nitrogen by controlled rate freezing (1 ° C/min) in 
the presence of 10% dimethylsulphoxide and 25% autologous, 
heat-inactivated plasma. Cryopreserved cells were recovered 
by rapid thawing in a 37°C water bath and slow dilution to 
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15ml in RPMI + 10% HuSe over a 10-min period. If 
necessary, non-viable cells were removed from recovered cells 
by centrifugation on LSM gradients as described above. 

Experimental design. The experimental design is illustrated in 
Fig. 1. Patients' blood lymphocytes or TIL were stimulated by 
autologous tumour cells (MLTC) or in mixed lymphocyte 
culture (MLC); lymphoblasts were separated and placed in 
bulk culture in flasks or cloned. Cultures and clones were 
tested for specific cytotoxicity against autologous tumour, 
NK-like activity against the K562 cell line, restimulation in 
primed lymphocyte tests, and phenotyped. To date, it has not 
been possible to reclone populations. 

MLTC/MLC. Patients' blood- or tumour-infiltrating lympho- 
cytes were dispensed into Titertek 96-well round-bottomed 
plates (1 x 105 cells/well) in RPMI 1640 + 10% HuSe. 
Stimulators were irradiated (3,000 R) and added to wells, after 
which the fluid volume was adjusted to 0.2 ml. Stimulators 
used were: autologous tumour (stimulator : responder ratio 
1 : 5); autologous monocytes to control for autologous MLR 
(stimulator : responder ratio 1 : 5); and lymphocytes pooled 
from four healthy donors (BMV, KR, WW, HH) in equal 
numbers and used at a pool stimulator : responder ratio of 
1 : 1). Plates were incubated for 5 days at 37 ° C and pulsed for 
the final 18 h of culture with I ~xCi/well 3H-thymidine (specific 
activity 2.5 ~tCi/mMol, Radiochemical Centre, Amersham, 
Bucks.). Cells were harvested onto fibre discs with a Scatron 
multiple culture harvester and radioactivity measured in a 
fi-counter with a toluene-based scintillant. MLTC was consi- 
dered positive when the stimulation index (uptake 3H-thy- 
midine in test/uptake 3H-thymidine in controls) was greater 
than 3. Standard deviation on the triplicate samples was less 
than 10% of the mean. 

Bulk MLTC/MLC. Responder cells (1 x 106/ml in RPMI 1640 
+ 10% HuSe) were mixed with stimulators (2 x 105/ml tumour 
cells or 1 x 106/ml pooled allogeneic leukocytes) and incubated 
for 6 days at 37°C in Costar 25-cm 2 culture flasks standing 
upright. After  incubation cells were washed twice in RPMI 
1640, blasts counted and isolated on discontinuous Percoll 
gradients. Gradients consisted of 5 ml (40%) Percoll in RPMI 
1640 + 10% HuSe 1.5 ml (35%), 2.5 ml (31.5%), and 2.5 ml 
(26%). Cells in 1.5 ml were layered onto this and centrifuged 
(550 g, 30 min, room temperature).  Blast cells were taken from 
the 31.5% interface and used to initiate bulk cultures or cloned 
by limiting dilution. 

Conditioned media (CM) containing interIeukin-2. Human 
spleens removed for access in patients undergoing surgery for 
gastric carcinoma were chopped and tissue pressed through 
stainless steel grids. Mononuclear cells were separated on LSM 
gradients a n d  stimulated with P H A  (1 ~tg/ml) at a cell 
concentration of 2 x 106/ml in RPMI 1640 + 1% HuSe. 
Supernate was collected after 24 h incubation at 37°C and 
precipitated at 50% saturation by slow addition of 312 g 
(NH4)2SOJ1. After  stirring for 2 h at room temperature, 
material was centrifuged (10,000 g, 30 rain) and precipitate 
which contained P H A  was discarded. The supernate was 
precipitated at 75% saturation by addition of a further 156 g/1 
(NH4)2SO 4. Precipitate was collected, resuspended in double- 
distilled water, and dialysed against two changes of water and 
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one of RPMI 1640. Volume was adjusted to 20% of the starting 
volume. Conditioned media were tested for IL-2 activity by 
their capacity to induce proliferation and maintain long-term 
growth of an IL-2-dependent human T-cell line. In all cultures 
CM were used at the lowest concentration giving maximal 
stimulation of the line (usually 10% v/v). 

Bulk cultures. Isolated blast cells (3 x 105/mt) were expanded 
in RPMI 1640 + 10% HuSe supplemented with 10% CM. 
Cultures were counted every 3 - 4  days and adjusted to 3 x 
105/ml by addition of RPMI 1640 + 10% HuSe and CM. Prior 
to use in cytotoxicity or proliferation assays cells were washed 
free of CM and incubated overnight to avoid non-specific lytic 
activity [12] and reduce background counts in PLT. 

Cloning. Blast cells were dispensed into Titertek 96-well 
round-bottomed culture plates at different dilutions (between 
200 and 0.5 cells/well together with 10% CM and 2.5 x 104 
pooled irradiated (3000R) MLC stimulator cells. After 14 days' 
incubation (37 ° C, 5% CO2, humidified atmosphere) plates 
were examined and wells with obvious growth marked. A plot 
was made of log percentage wells negative against number of 
cells plated, and the limiting frequency was determined as the 
number of cells plated corresponding to 37% wells negative. 
'Clones' were taken where 10% or less of wells were positive. 
Proliferative frequency was confirmed by testing parallel plates 
for uptake of 3H-thymidine [22]. Cells from postive wells were 
placed in 1-ml culture in RPMI 1640 + 10% HuSe + 10% CM 
with 2.5 x 105 pooled MLC stimulators as feeders. Cultures 
were maintained in i ml by addition of fresh medium (0.1 ml 
CM) and 2.5 x 105 feeders at weekly intervals. Cells grew at a 
concentration of approximately 5 x 105 to 1 x 106/ml. It was 
possible to maintain cells for up to 12 weeks in this way, but 
cells then lost responsiveness to CM and died in spite of the 
continuous presence of stimulator cells. It was for this reason 
that recloning of positive wells was not possible in this 
series. 

Cytotoxicity. Cytotoxic activity of CTC was assessed in 
short-term (4 h) 51Cr-release assays against freshly isolated or 
cryopreserved tumour cells as previously described [21]. Tests 
were also performed against PHA-induced lymphoblasts 
(5-day stimulation, 1 ~tg/ml PHA,  washed 1 day prior to assay) 
of the pool stimulators. Autologous monocyte preparations 
were used as targets in some experiments. Cytotoxicity was 
considered positive when it was dose-dependent and exceeded 
spontaneous release by at least three standard deviations. 

Primed lymphocyte tests (PLT). Cultured T cells (5 x 103 to 
1 x 105/well) in 96-well round-bottomed plates were stimu- 
lated with 5 x 104 irradiated (3000R) stimulator cells for a 48-h 
period and pulsed with 3H-thymidine over the last 6 h of 
culture. 

Phenotype. Phenotype of clones was monitored with the 
monoclonal antibodies OKT3 (pan T reagent), OKT4 (help- 
er/inducer), and OKT8 (suppressor/cytotoxic) obtained from 
Ortho Pharmaceutical Company, Rariton, NJ and visualised 
with FITC-labelled rabbit anti-mouse immunoglobulin 
(DAKO Mercia Brocades Limited, Weybridge, Surrey, 
England). 
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Results 

Stimulation of patients lymphocytes in MLTC and MLC 

Results of large series of MLTC from this laboratory have been 
reported previously [24, 28]. Table i presents recent data from 
experiments with n ine  breast and two colon cancers with 
different stimulator protocols. Nylon wool-passed blood 
lymphocytes or TIL were co-cultivated with autologous 
tumour,  autologous monocytes,  and pooled allogeneic lym- 
phocytes. Unst imula ted  cultures consisted of lymphocytes 
cultured in the presence of irradiated nylon wool passed 

lymphocytes to control for the effect of differing cell density. 
Six breast cancer patients (nos. 187, 180, 179, 158, 154, 148) 
and one colon cancer patient  (90) showed significantly 
increased uptake of 3H-thymidine following exposure to 
autologous tumour  cells in at least one lymphocyte prepara- 
tion. Levels of stimulation wtried markedly so that positive 
st imulation indices (s.i. defined in Materials and Methods) 
ranged from 4.6 to 41. The percentage of surviving cells with 
lymphoblastic morphology was closely correlated with stimu- 
lation index and ranged from 4% in patient 179 (s.i. 4.6) to 
25% in patient  148 (s.i. 46). Stimulation by autologous tumour  

Table 1. Stimulation of patient's lymphocytes (Ly) from blood (PBL) or tumour (TIL) with autologous turnout cells, monocytes, or pooled 
allogeneic mononuclear cells 

Responder Uptake of 3H-thymidinea in the presence of 

Ly Alone Ly + Tu Ly + pool Ly + monocytes 

Breast PBL 187 292 7,296 (25) 66,671 1,889 (6,4) 
TIL 187 130 824 (6) 9,639 214 (1.6) 
PBL 182 1,404 1,874 (1.3) 4,094 - 
PBL 180 902 6,673 (7.4) 13,592 - 
PBL 179 283 1,303 (4.6) - - 
PBL 158 202 298 (1.5) - - 
TIL 158 115 4,770 (41) - - 
PBL 154 562 460 (0.8) - - 
TIL 154 1,127 6,203 (5.5) - - 
PBL 150 960 1,193 (1.2) - - 
PBL 148 550 10,090 (18) - 487 (0.9) 
PBL 185 4,623 2,501 34,416 1,785 

Colon PBL 90 3,444 37,758 (11) 58,529 
PBL 86 2,098 1,811 (0.9) 22,515 

cpm 
Numbers in parenthesis indicate stimulation indices. 
Breast cancer patients 148, 158, 179, and 182 presented with secondary disease as chest wall recurrence or skin nodules 
Uptake of 3H-thymidine by stimulator cells alone was less than 300 cpm and was subtracted from the values shown 
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of lymphocytes from the different sites was variable and was 
positive in TIL in each of the three breast cancer patients 
tested (187, 158, 154), even in cases (158 and 154) in whom 
PBL showed no significant increase of 3H-thymidine uptake. In 
this series of breast cancers, material was obtained from four 
patients with secondary disease (chest wall recurrence or skin 
nodules). Stimulation of PBL was recorded in two of these (148 
and 179). Lymphocytes from the six patients tested responded 
to pooled allogeneic feeders, with thymidine uptake often 
exceeding peak stimulation with phytohaemagglutinin (data 
not shown). Up to 60% of surviving cells following MLC were 
lymphoblasts. Autologous MLR with monocytes as stimulators 
was recorded in patient 187's PBL. In keeping with our 
previous studies stimulation by tumour invariably exceeded 
that induced by autologous monocytes [24]. MLTC/MLC 
microcultures were completed on day 5. In those cases showing 
positive MLTC in 3H-thymidine tests, parallel bulk cultures 
were processed on day 6. Following isolation of blasts on 
Percoll gradients MLC-blast-CTC and MLTC-blast-CTC were 
initiated. 

cells corresponding to 37% of wells negative (Fig. 6). 
Regression lines intercepted the y-axis at approximately 
100%. 

In five MLTC-positive cases where clones were success- 
fully initiated cloning efficiency of MLC blasts plated was 1/t3 to 
t/24 and 1/27 to 1/104 in MLTC blasts. Once positive wells had 
been identified and transferred to 24-well Costar plates the 
majority grew to give large cell numbers within 1 week. Cells 

PLT Reactivity MLC Co90 Clones 
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MLC/ML TC-Blast-CTC E 1 , 5 0 0  

The reactivity of MLTC-blast-CTC has been described pre- ~- 
viously [24]. In previous studies it was shown that these ~ 1,oo0 
cultures had the capacity to lyse autologous but not allogeneic ~oo 
tumour and most frequently did not lyse autologous monocytes 
or lymphoblasts. Variable activity against the K562 cell line 
was demonstrable. In PLT, cultures underwent stimulation 
upon reexposure to autologous tumour and allogeneic tumour 
of the same organ and histology, but not to other tumours, 1,5oo 
monocytes or lymphocytes. 

Cultured T cells from MLC-stimulated lymphocytes lysed 1,ooo 
autologous tumour cells. Data from two representative 500 
examples of the six cultures tested are presented in Figs. 2 and 
3. Lymphoblasts from members of the sensitising pool, 
allogeneic tumours (not shown), and the K562 cell line were 
also killed, i.e., there was widespread lyric activity. However, 
autologous monocytes and lymphoblasts were not killed. 

Primed lymphocyte tests with MLC-blast-CTC were also 
performed (Fig. 4). Cultures underwent restimulation with 
IL-2 (positive control), with the inducing stimulator pool, and 
most frequently with each member of it. Some allogeneic 
tumours induced increased 3H-thymidine uptake but this was 
not seen with autologous tumour, lymphocytes, and mono- 
cytes. Results with three further examples of the six cases 
tested are presented in Fig. 5. Patterns of reactivity were 
relatively constant although occasionally one member of the 
pool did not induce D N A  synthesis (e.g., MLC Co90 with 
LyKR, Fig. 5). In only case (MLC Br 184, Fig. 5) was there 
evidence of restimulation with autologous tumour (s.i. 
3.5). 

Cloning of MLTC/MLC 12 
13 

To investigate the reactions described above, we have cloned 20 
effector cells. Blast preparations from MLTC and MLC were 21 
plated under limiting dilution conditions in Titertek 96-well 17/3 
round-bottomed plates in the presence of pooled allogeneic 
blood mononuclear cells as feeders and conditioned medium 
containing IL-2. After  culture for 14 days growth was 
apparent,  so that enumeration of positive wells was possible. 
From this scoring a plot of log percentage wells negative 
against number of cells plated could be made and the 
responder frequency thereby derived as the concentration of 
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Fig. 7. Primed lymphocyte test of reactivity of six MLC clones (5 x 10 3 

cells plated) against sensitising pool members (Ly 1, 2, 3, 4), 
autologous (Aut Tu) and allogeneic (Allo Tu) tumour, and autologous 
monocytes Aut Mono). Stimulators were added to give 5 x 10 4 

cells/well 

Table 2. Reactivity of clones from MLTC-stimulated cultures against 
various cells in primed lymphocyte tests 

Clone (3H)-Thymidine uptake with 

Auto- Allo- Auto- Lymph- Lymph- Lymph- 
logous geneic logous ocyte ocyte ocyte 
tumour tumour mono- 1 2 3 

cyte 

2,386* 2,147" 380 683 580 672 
4,187" 1,365" 633 875 619 713 
2,482* 712 775 436 450 - 

450 877 572 2,814" 1,229 775 
5,710" 4,700* 217 481 504 403 

* Significant stimulation - cpm 
Allogeneic tumour was matched with autologous for site and histology. 
Clones 12, 13, 20, colon carcinoma; clone 17/3 squamous carcinoma of 
lung. Clones 12, 13, 20 did not respond to breast adenocarcinoma cells. 
Clone 17/3 did not react with adenocarcinoma of lung or breast, AML 
blasts, or ovarian ascites, but did react with three squamous 
carcinomas of lung 
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were  used  in cytotoxici ty and  pro l i fe ra t ion  assays so tha t  
cul ture  vo lume  was m a i n t a i n e d  at 1 - 2  ml (2 x 105 to 1 x 106 
cells) by addi t ion  of f resh poo led  feeders  at weekly and  IL-2 at  
twice-weekly in tervals  unt i l  r esponse  to IL-2 was lost. Wi th  
over  100 clones so far  examined  n o n e  has  survived in cul ture  
b e y o n d  12 weeks.  

In pro l i fe ra t ion  assays of MLC-ac t iva t ed  clones,  cultures 
were  indent i f ied  which  u n d e r w e n t  secondary  s t imula t ion  in 
response  to a single m e m b e r  of the  inducing  pool ,  e .g. ,  clones 
IB4,  IB5,  ID6 (Fig. 7). M a n y  clones (31 of 46) showed  no 
prol i fera t ive  activity (e.g. ,  c lone IF8, Fig. 7). Some clones 
reac ted  to m o r e  t h a n  one  s t imula tor  ( IE5 react ing weakly but  
significantly wi th  lymphocytes  2 and  4). Since all cul tures  were  
der ived  f rom wells seeded  with several  cells it is no t  clear 
w h e t h e r  this is a t rue  cross-react ivi ty or simply a resul t  of 
growth of m o r e  t han  one  cell in the  well. A single c lone was 
reproducib ly  res t imula ted  b y  auto logous  monocy tes  (2B9, 
Fig. 7). N o n e  of the  clones r e sponded  to auto logous  tumour :  a 
f inding in accord wi th  the  results  wi th  bu lk  MLC-blas t -CTC.  
Some M L T C - d e r i v e d  clones were  s t imula ted  by  auto logous  
t u m o u r  (Tab le  2) and  by  al logeneic t u m o u r  of the  same site 
(clones 12, 13, and  17/3). They  did no t  general ly  r e spond  to 
al logeneic  lymphocytes ,  except  for c lone 21, which r e sponded  
to lymphoblas t s  f rom a pool  m e m b e r  used in the  feeding 
protocol .  

In  cytotoxici ty assays wi th  clones f rom MLTC-s t imu la t ed  
cells as effectors,  react ivi ty was regular ly  found  against  cells of 
the  au to logous  t u m o u r  in the  absence  of similar reactivi ty 
against  a l logeneic  t um our s  or  the  K562 cell l ine (Table  3). Of  
11 clones tes ted ,  six showed  significant reactivity against  
au to logous  tu rnou t  wi th  cytotoxici ty be t w een  14.8% and 
26 .5% at an  effector  : t a rge t  rat io  of 5 : 1. O ne  clone (11) 
showed  significant react ivi ty  against  auto logous  and  al logeneic 
t u m o u r  of the  same type  and  one  (13) showed  low, bu t  
significant cytotoxici ty against  L y B M V  blasts,  which were  one  
of the  poo led  al logeneic  feeders  used in the  m a i n t enance  of 
clones.  W e  are ini t ia t ing fu r ther  clones to examine  this 
reac t ion  more  fully. N o n e  of  the  M L T C  clones had  b o t h  
prol i fera t ive  and  cytotoxic activity. Clones der ived f rom 
poo led  MLC-s t imu la t ed  cul tures  showed  a more  var ied  pa t t e rn  
of cytotoxic react ivi ty (Tab le  4). Six clones lysed auto logous  
t u m o u r  but  no t  a l logeneic  t umour ,  K562, or  cells of the  
s t imula tory  pool.  M a n y  o the r  clones,  only some of which are 
p r e sen t ed  in Tab le  4, lysed single m e m b e r s  of the  s t imulat ing 
pool.  Two clones reproducib ly  lysed L y W W  and  LyKr  blasts.  
Clone  Co9018 lysed al logeneic tu rnout  and  lymphocytes  f rom a 
single pool  m e m b e r .  Two clones (Co 91/22 and  Co 90/21) 
showed  bo th  cytotoxic and  prol i fera t ive  activity against  an 
al logeneic  pool  m e m b e r .  U p o n  repea t  tes t ing 2 weeks  apar t  
the  pa t t e rns  shown in Tables  3 and  4 were  shown to be  s table  
bu t  fu r the r  tes t ing was f requent ly  l imi ted by lack of auto logous  
t u m o u r  mater ia l .  In  this  series no  clones with react ivi ty against  
the  K562 cell l ine were  de tec ted ,  a l though  we and  o thers  have  
previously  found  several  such clones af ter  M L C  s t imula t ion  
[13, 25, 26, 34]. 

Phenotype 

Over  95% of cells in all clones were  react ive  with OKT3  and  
fo rmed  rose t tes  wi th  sheep  ery throcytes  They  did not  react  
with  O K M 1 ,  Leu  7, or a n t i - h u m a n  immunoglobul in .  W h e n  
tes ted  for  react ivi ty with  O K T 4  and  OKT8  one  clone,  
MLTC90~8 (auto logous  cytotoxic) ,  reac ted  with ne i the r  anti- 
body,  and  c lone M L C  91/5 (auto logous  cytotoxic) reac ted  wi th  

b o t h  O K T 4  and  OKT8,  over  90% of cells s taining with each 
monoclona l .  O t h e r  clones showed  p r e d o m i n a n t  reactivity with  
one  an t ibody  bu t  t he re  was no  associat ion be tween  p h e n o t y p e  
and  func t ion  (Table  5). For  example ,  OKT4-posi t ive  
(23,90/17, 90/22) and  OKTS-posi t ive  (91/12, 90/25) l ines 

Table 3. Cytotoxic activity of clones from MLTC-stimulated cultures 
against various targets 

Clone % Cytotoxicity a against 

Auto- Allo- 
logous geneic 
tumour turnour 

K562 Lymphoblasts 

BMV KR WW HH 

3 18.9 c _a 0.2 . . . .  9.1 
4 19.4 c - -0 .8  2.1 6.1 -2 .1  1.2 

11 15.6 ~ 17.8 . . . . . .  7.5 
12 b 7.2 5.7 1.7 . . . .  
13 b 3.9 - -0 .9  10.6 c 7.8 4.5 6.0 
17 5.9 - 0.4 - - - 3.5 
18 14.8 c 5,6 . . . . .  
19 26.5 c 2.8 1.6 . . . .  
2 0  b 9.4 - 1.8 -2 .1  -1 .3  -1 .7  -4 .8  
21 b 0 - 3.6 0.2 - -4 .0  -2 .8  
23 18.0 ~ -9 .3  . . . .  9.3 

a Effector : target ratio 5 : 1 
b PLT-positive clones 
c Cytotoxicity was considered significant when 51Cr release in test 

samples exceeded spontaneous 51Cr release by more than three 
standard deviations 

d Not tested 

Table 4. Cytotoxic activity of clones from pool MLC-stimulated 
cultures against various targets 

Clone % Cytotoxicity a against 

Auto- Allo- K562 
logous geneic 
tumour tumour 

Lymphoblasts 

BMV KR WW HH 

90/ 4 12,3 2.2 - 
91/ 8 - 2.5 - 8.7 - 
90/10 3,3 - - 
90/15 - 4,2 - -2 .6  
90/16 - 1.4 - -2 .8  
90/17 23.0 - 1.5 -1 .5  
90/18 - 6.3 53.5 - 
90/21 2,6 - -0 .4  
90/22 20.9 b - 8.2 0.5 
90/23 20.7 - 1.4 1.0 

91/ 2 21.4 b - 0.2 
91/ 3 - 4,6 - 0.4 
91/ 5 69.8 b 7.4 1.3 
91/ 6 13,9 - -3 .3  
91/ 7 9,6 - -4 .9  
91/ 8 - 1,7 - 2.0 
91/ 9 - 2,7 - -0 .5  
91/10 - 5.3 - -5 .4  
91/12 20,4 b 4.8 -5 .2  
91/13 17,8 b - - 2 .2  
91/15 -11,3 - -3 .6  
91/16 - 9,9 - -5 .2  

22.8 b 6.3 - 8.7 - 7.9 
17.1 b 1.9 14.9 b -  6.7 

1.2 - - 3.5 

2.1 46.7 b -  1.5 -10.5 
- - - 5.9 
. . . .  6.0 

0.7 - - 
1.2 - - 

- - - 3.5 
9.6 10.3 b 2 0 . 8  b 1.2 
0.2 8.2 0.8 6.5 
4.9 - 0.6 2.1 6.2 
0.3 29.0 b 17.7 b 4.0 
1.1 - 0 . 4  0 0.2 
0 4.1 2.5 1.0 
0.7 4.4 3.8 13.9 b 
6.7 1.2 - 3.2 0 
4.0 7.2 18.2 b 3.7 

a Effector : target ratio 5 : 1 
b Significant cytotoxicity (see foomote to Table 2) 
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TaMe 5. Phenotype of MLTC and MLC clones 

Clone Cytotoxic a Proliferative a % Cells stained with 

OKT4 OKT8 

MLTC 
12 - + 87 1 
21 - + 0 94 
23 + - 97 0 
90/18 + - 2 4 

MLC 
91/  3 - + 0 98  

91/ 5 + - 95 97 

91/12 + - 1 94 
91/15 - - 1 100 
90/17 + - 91 0 
90/22 + + 84 3 

90/23 + - 1 79 

a Cytotoxic and proliferative activity against autologous tumour or 
lymphoblasts 

showed cytotoxicity against autologous tumour or lympho- 
blasts. 

Discussion 

Lymphocytes with cytotoxic activity against autologous 
tumour cells could be cultured from MLTC- and MLC-acti- 
vated populations in conditioned medium containing IL-2. 
Whereas MLTC-derived CTC were specific for autologous 
tumour [19, 24], MLC-blast-CTC lysed autologous tumour, 
some allogeneic tumonrs and lymphoblasts but not autologous 
lymphoblasts. NK-sensitive cell lines were also lysed to some 
extent by MLC- and less frequently MLTC-derived CTC. 
Similar data have been reported by several groups [5, 14, 19, 
35]. At  least three mechanisms have been proposed by which 
cytotoxic activity against autologous tumour could arise 
following MLC activation: (1) Expansion of NK-like cells and 
their activation by IL-2 or interferon [7, 12, 26]; (2) the  
presence on autologous tumour cells of ' inappropriate '  histo- 
compatibility antigens so that pool stimulation induces specific 
effectors with cross-reactivity between tumour and at least one 
pool member [1, 2, 35]; and (3) the expansion of lymphocytes 
which in vivo exposure to tumour had induced to express the 
IL-2 receptor by factor released during the MLC [15, 32]. In 
the present study we have attempted to distinguish effectors 
with different patterns of reactivity by cloning. 

Clones were derived from blast cell preparations by 
seeding into wells in the presence of conditioned medium 
containing IL-2 and pooled allogeneic mononuclear cells as 
stimulators and feeders. Under these conditions growth of 
lymphocytes was regularly seen but the efficiency of expansion 
was not high, with between 1/10 and 1/25 cells from MLC and 1/25 
and 1/10 o from MLTC growing. Since all cultures came from 
wells containing multiple responders the assignation of clon- 
ality was on a statistical basis and no population was recloned. 
However, the majority of wells were monofunctional and had a 
clonal phenotype. Examination of the frequency of IL-2-res- 
ponsive cells in limiting dilution assays showed that approx- 

imately 1/5,000 PBL from cancer patients respond without 
stimulation [22]. This figure is close so that for healthy donors: 
1/4,500 to I/6,300 [26]. Following MLTC stimulation 1/600 to 1/1,500 
cells can be expanded in IL-2 [22], and after blast isolation this 
rose to 1/2s to 1/100. Considerable enrichment of activated cells 
can thus be achieved with the methodology described here. 
Clones were expanded in 1-ml cultures and used as effectors in 
cytotoxicity assays. 

MLTC-stimulated clones corresponded in reactivity to the 
MLTC-blast-CTC previously described [24]: they lysed auto- 
logous tumour but only rarely were allogeneic tumour or 
lymphoblasts killed (Table 3). Clones from MLC-stimulated 
cultures also lysed autologous tumour (8 of 21 clones). 
Interestingly, in this series none of the clones reacted with the 
K562 cell line, although in previous experiments K562 killer 
clones have been detected both from MLC-stimulated cultures 
[13, 31] and from the isolated large granular lymphocyte 
fraction [25]. The reason for our failure to detect such NK-like 
clones here is not clear, but may be attributable to careful 
isolation of blasts. These data suggest that in this induction 
protocol activation or expansion of NK-like effectors is not 
responsible for the autologous tumour lysis observed. Of the 
autologous reative clones six showed specific reactivity as far as 
tested with no significant reactivity against allogeneic tumour, 
K562, or lymphoblasts. Two clones (91/and 91/13) reacted also 
with lymphoblasts from two and one member of the stimu- 
lating pool, respectively. Since these cultures have not been 
recloned it is difficult to draw firm conclusions from these 
observations. However, it appear from these data that 
induction of autologous tumour killing following MLC was the 
result of expansion of a tumour-specific lytic population, 
presumably by IL-2 released during stimulation. Precursors 
could have the IL-2 receptor induced by in vivo exposure to 
tumour. In addition, some inappropriate expression of shared 
specificities between tumour and allogeneic stimulator cells 
may be implied if it is considered that the cross-reactive 
cultures reacting with tumour and pool stimulators are indeed 
clonal. The latter possibility has been discussed in a recent 
paper [2], but recloning would be necessary to establish this. 
The cytotoxic activity of the majority of the clones corres- 
ponded in specificity with the patterns described by several 
groups where MLC-activated autologous tumour lysis was 
blocked in cold target inhibition assays by addition of tumour 
cells but not by lymphocytes of members of the stimulator pool 
[5, 14, 19]. 

In contrast to MLTC-blast-CTC [19, 24], MLC-blast-CTC 
did not show restimulation upon re-exposure to cells of the 
autologous tumour although they were restimulated by 
members of the stimulating pool and by some allogeneic 
tumours. Clones again showed reactivity corresponding so that 
of the bulk culture in that none of 46 clones from five patients 
proliferated upon re-exposure to autologous tumour. Proli- 
ferative clones generally responded to a single pool member 
and some allogeneic tumours. One clone was restimulated by 

autologous monocytes, presumably an indication of autolo- 
gous MLR. The lack of proliferative activity in MLR was 
unexpected since good cytotoxic reactivity was recovered. This 
observation may have important consequences for the use of 
cultured T-cell clones or cultures in immunotherapeutic 
protocols. There is emerging evidence that in several models in 
which T lymphocytes were injected it was the proliferative 
rather than the cytotoxic subsets that induced tumour or graft 
rejection [3, 4, 6, 10]. Although technically easier to perform 
than autologous tumour stimulation, MLC stimulation does 
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not appear  to induce appropriate reactivity should the same 
restrictions apply in human disease. 

In this report  we have a t tempted to delineate patterns of 
anti- tumour reactivity at the clonal level and succeeded in 
isolating clones with specific anti-turnout reactivity from both 
MLTC-  and MLC-act ivated populations.  At tempts  to charac- 
terise clones further have been hampered  by difficulties in 
maintaining long-term growth of cultures; all clones have lost 
responsiveness to IL-2 and died within 3 months of initiation. 
This represents a major  l imitation to in vivo use of CTC in 
immunotherapy.  We  are now attempting to resolve this 
p roblem with the use of different feeder/st imulator protocols 
and different sources of IL-2. It  is envisaged that once these 
technical problems are overcome it should be possible to make  
rapid progress towards the characterisation and study of the 
fine specificity of  human tumour-associated antigens. 
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