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The in vitro effects of Concanavalin A (Con A) and prednisolone (PRD) on the cyto- 
toxic functions of lymphocytes and the generation of lymphokine-activated killer (LAK) 
cells were investigated. Con A at concentrations ranging from 1 to 40 p&ml did not 
significantly affect the cytotoxicity of LAK cells when added directly to the effector and 
target cell mixture in a 4-hr “Cr release assay. The generation and lytic capacity of LAK 
cells were significantly affected by Con A in a dose-dependent manner when lectin was 
added at the initiation of culture. Suppression of LAK cell activity was demonstrable at 
different effector:target (E:T) cell ratios. Lymphocyte cultures incubated with PRD at 
concentrations ranging from lOmy to lo-” M showed a decrease in both the numbers of 
and activity of LAK cells using a variety of target cells. Pretreatment of target cells with 
either PRD or Con A did not affect their sensitivity to lysis by LAK cells and incubation 
of lymphocytes with Con A did not induce autoreactive cytotoxic or suppressor cells 
directed against LAK cell activity. Thus while PRD and Con A can inhibit the generation 
of LAK cells, they also directly inhibit their specific cytotoxic activity on a per cell basis. 
These results suggest that like other cytotoxic cells, LAK cells are also under active 
immunologic control. 0 1988 Academic PESS. Inc. 

INTRODUCTION 

Cytotoxic lymphocytes play a significant role in host surveillance against ma- 
lignant and virus-infected cells (l-3). Studies have shown that cytotoxic cells, 
themselves potentially immunoregulatory, are also under active immunologic con- 
trol (4-7). We reported earlier that human lymphocytes precultured with Con- 
canavalin A (Con A) showed significantly decreased levels of natural killer (NK) 
and antibody-dependent cellular cytotoxic (ADCC) activities and expressed sup- 
pressor effects on the NK and ADCC activities of autologous and allogeneic 
lymphocytes (8). Corticosteroids, accepted therapy for various autoimmune and 
allergic diseases, can affect a variety of immune functions in man. Our previous 
studies demonstrated that prednisolone (PRD) significantly inhibited the NK and 
ADCC activities of human lymphocytes (5) and PRD-activated lymphocytes pro- 
duced lymphokine(s) which can suppress the cytotoxic activities of allogeneic 
cells (9). 

Recently Rosenberg et al. (10, 11) described a cytotoxic lymphocyte subpop- 
ulation which can be expanded in vitro by treatment with interleukin 2 (IL-2). 
These cells, which have increased cytotoxic activities, are called lymphokine- 
activated killer cells or LAK cells. LAK cells are active against a variety of 
autologous, allogeneic, and xenogeneic tumor cells which are normally resistant 
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to lysis by NK cells (12-14). Another lymphocyte subpopulation that appears to 
be 50 to 100 times more potent than LAK cells has also been described, namely 
tumor infiltrating lymphocytes (TIL) (15). LAK effector cells appear to be differ- 
ent from NK, ADCC, or lectin-dependent cellular cytotoxic cells (LDCC) (14) and 
are derived from phenotypically heterogeneous precursors (16, 17). Adoptive im- 
munotherapy with LAK cells and IL-2 has resulted in regression of various human 
tumors (10); however, this form of treatment has been associated with some 
undesirable side effects (18). The administration of steroids was noted to diminish 
some of these toxic effects, and cortisone acetate also reduced the in vivo toxic 
effect of high doses of IL-2 (18). If LAK cells are potentially immunoregulatory it 
is reasonable to speculate that these cells are also under active immunoregulation. 
The present experiments were designed to investigate whether Con A and PRD, 
two agents capable of regulating NK activity, can also modulate the generation 
and function of LAK cells in vitro. 

MATERIALS AND METHODS 

Mediu 

Complete medium consisted of RPM1 1640 (GIBCO, Grand Island, NY), 80 
kg/ml gentamicin (Schering Corp., Kenilworth, NJ), 300 pg of fresh glutamine/ml, 
and 10% heat-inactivated human AB serum. 

Isolation of Lymphocytes 

Peripheral blood mononuclear cells (PBMC) were isolated from heparinized (20 
U/ml) venous blood from healthy normal donors using a modified method of 
Boyum (19). Blood was diluted with an equal volume of normal saline and cen- 
trifuged at 400g for 30 min at 18°C. The mononuclear cell band was harvested, 
washed three times with saline, and resuspended in complete medium as de- 
scribed (20). 

Depletion of Adherent Cells 

PBMC were suspended in complete medium and depleted of adherent cells by 
passage through a 7-ml column of Sephadex G-10 beads (Pharmacia Fine Chem- 
icals, Piscataway, NJ) equilibrated in complete medium as previously described 
(5). After 45 min of incubation at 37°C nonadherent peripheral blood lymphocytes 
(PBL) were eluted with 1 bed volume of medium at 37°C. Cell recovery was >70% 
of the total input and monocyte contamination as indicated by nonspecific es- 
terase staining was <2%. 

Activation of LAK Cells 

Commercially available recombinant IL-2 (Collaborative Research, Inc., Bed- 
ford, MA) was diluted in complete medium and stored at - 70°C before use. IL-2 
concentrations of 5-10 U/ml in complete medium (LAK medium) were used to 
generate LAK cells. PBL were activated to generate LAK cells by in vitro incu- 
bation for 5-6 days in LAK medium in upright 25 cm2 flasks at a concentration of 
I X lo6 cells/ml at 37°C in a 5% C&/95% air atmosphere as described (21). 
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LAK cells were generated in the presence or absence of Con A or PRD in 
separate experiments. Con A (Difco Laboratories, Detroit, MI) was added to 
cultures to yield the following final concentrations: 1, 5, 10, 20, and 40 t.&ml. 
Prednisolone sodium phosphate (Merck Sharp and Dohme, West Point, PA) was 
added in varying concentrations ranging from lop4 to lop9 M. Both Con A and 
PRD were added separately to the reaction mixture of effector and target cells in 
a 4 hr “Cr release assay. Lymphocyte cultures were incubated for 5 days with 
either Con A or PRD. Control cultures received no PRD or Con A. Both treated 
and control cultures were washed and tested for their cytotoxicity against differ- 
ent target cells. Viability, as measured by trypan blue dye exclusion, always 
exceeded 85% for PRD-treated cells and 80% for Con A-treated cells at the end of 
a 5- to 6-day culture period. 

Tumor Target Cells 

The human erythroleukemia cell line, K562; the histiocytic lymphoma cell line, 
U937; the T leukemia cell line, HSB; and the B leukemia cell line, SB; were used 
as targets in cytotoxicity tests. K562, U937, and HSB are NK sensitive targets 
while SB is an NK-resistant cell line when used in a 4 hr ‘iCr release assay. All 
target cells were maintained in RPM1 1640 medium containing 10% fetal calf 
serum with 80 ~~.g/ml gentamicin and 300 pg fresh glutamine per milliliter. Target 
cells were passaged for 48 hr and washed twice with complete medium. To 0.8-ml 
aliquots of complete medium containing 5 x lo6 tumor cells, 200 PCi of “Cr as 
sodium chromate (New England Nuclear, Boston, MA) was added as described 
(20). The cells were incubated at 37°C for 1 hr in a humidified atmosphere of 5% 
CO, in air with intermittent shaking. Following incubation, the cells were washed 
three times with complete medium and resuspended to a concentration of 1 x lo5 
cells/ml. 

Assay for LAK Cell Activity 

The LAK cell cytotoxicity assay was performed as described for the NK assay 
using a 4 hr “Cr release technique (5, 6, 20). A fixed number of viable effector 
cells in complete medium was added to triplicate cultures of “Cr-labeled targets 
in V-bottom microtitration plates (Costar, Cambridge, MA). After centrifugation 
at 40g for 2 min, they were incubated at 37°C in a humidified atmosphere of 5% 
CO, in air for 4 hr. At the end of incubation, the plates were centrifuged at 400g 
for 10 min and 100 ~1 aliquots were removed from each well, transferred to glass 
tubes, and read in a Packard Model 593 gamma counter. Percent cytotoxicity was 
calculated as 

% cytotoxicity = 
experimental release - spontaneous release 

total release - spontaneous release 
x 100, 

where spontaneous release represents counts released from control wells contain- 
ing 1 x lo4 target cells, and total release represents counts obtained from an 
aliquot of 1 X lo4 target cells. 



IMMUNOREGULATION OF LAK CELLS 31 

Statistical Analysis 

The statistical significance of differences in mean values was determined by a 
single tail Student’s t test and the difference was considered significant when P 
values were less than 0.05. 

RESULTS 

Effect of Con A on the Generation of LAK Cells 

In view of our earlier findings that PBL precultured with Con A demonstrated 
decreased NK and ADCC activities (8), experiments were performed to investi- 
gate whether Con A affects the in vitro generation of LAK cells. Figure 1A 
demonstrates the cytotoxic activity of LAK cells against K562 and U937 targets 
at a 1O:l effector to target (E:T) cell ratio. LAK cell activity was significantly 
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FIG. 1. Effect of Con A on LAK cell generation. Normal PBL (1 X lo6 cells/ml) were cultured in 
IL-2- containing medium (5-10 U/ml) for 6 days with or without varying concentrations of Con A, 
washed, and tested for their cytotoxic activities against several different target cells. (A) K562 and 
U937 cells were used as targets at a 10: 1 E:T ratio. (B) SB and HSB cells were used as targets at a 100: 1 
E:T ratio. The variability of the cytotoxicity reaction was always between 5-10%. 
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reduced in a dose-dependent manner when Con A was added to the IL- 
2-containing media at the initiation of LAK cell generation. Con A at 5, 10, and 20 
t&ml, respectively, produced 59% (P < 0.1): 45% (P < O.OS), and 15% (P < 
0.001) cytotoxicity against K562 targets and 68% (P < O.l), 52% (P < 0.025), and 
12% (P < 0.001) cytotoxicity against U937 targets as compared to untreated LAK 
cell controls. Figure 1B shows the cytotoxic activity of LAK cells generated with 
or without varying concentrations of Con A against NK insensitive (SB) and NK 
sensitive (HSB) target cells at a 100:1 E:T cell ratio. LAK cells generated in 
medium containing 1 and 5 pg Con A/ml produced slightly lower levels of cyto- 
toxicity, 35 and 35% against SB and 70 and 67% against HSB targets, respectively, 
compared to untreated LAK cells. Con A at higher concentrations, 10, 20, and 40 
t&ml, manifested 22% (P < 0.05), 11% (P < O.OOS), and 6% (P < 0.0025) cyto- 
toxicity against SB targets and 54% (P < 0.05), 34% (P < O.OOV), and 9% (P < 
0.0005) against HSB cells compared to higher cytotoxic activities produced by 
control cultures. Data presented in Fig. 2 demonstrate the cytotoxic activity of 
LAK cells generated in medium containing 20 p,g Con A/ml against SB and HSB 
targets at E:T cell ratios ranging from 1OO:l to 12.5:1. PBL precultured in LAK 
medium alone produced 74, 73. 65, and 40% cytotoxicity against HSB targets at 
lOO:l, 50:1, 25:1, and 12.5: 1 E:T cell ratios, respectively, compared to signifi- 
cantly lower cytotoxicities of 36% (P < O.Ol), 34% (P < O.Ol), 15% (P < O.OOl), 
and 8% (P < 0.001) produced by PBL precultured with Con A in LAK medium. 
PBL precultured in LAK medium alone produced 40,38,30, and 22% cytotoxicity 
against SB targets at lOO:l, 5O:l. 25: 1, and 12.5:1 E:T cell ratios, respectively, 
compared to significantly reduced levels of cytotoxicity, 18% (P < 0.01). 13% (P 
< O.Ol), 6% (P < O.OOS), and 4% (P < 0.005) produced by LAK cells generated in 
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FIG. 2. Effect of Con A on LAK cell activity at various E:T cell ratios. Normal PBL (1 x 10’ 
cells/ml) were cultured in IL-2-containing medium for 6 days with and without 20 )*g Con A/ml and 
tested for their cytotoxic activities against SB and HSB targets. (A), Cytotoxicity of PBL precultured 
without Con A against HSB targets; (A), cytotoxicity of PBL precultured + Con A against HSB 
targets; (O), cytotoxicity of PBL precultured without Con A against SB targets; (O), cytotoxicity of 
PBL precultured + Con A against SB targets. Values represent mean percentage cytotoxicity k SD 
of three experiments performed in triplicate. 
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LAK medium containing Con A. These results demonstrate that at all E:T cell 
ratios LAK cells generated with Con A produced lower levels of cytotoxicity 
compared to untreated cultures and these depressed levels of cytotoxicity were 
more pronounced at lower E:T cell ratios. Further, we examined the effect of 
direct addition of Con A on the cytotoxic activity of LAK cells. At a 5: 1 E:T cell 
ratio, fresh lymphocytes demonstrated 11% cytotoxicity against K562 target cells. 
Lymphocytes precultured with IL2 for 6 days (LAK cells) produced 29% cyto- 
toxicity against K562 target cells at as:1 E:T cell ratio. Con A added directly to 
the reaction mixture at a concentration of 5 pg/rnl produced a negligible decrease 
(26% cytotoxicity) in the activity of LAK cells. Con A at higher concentrations of 
10, 20, and 40 p,g/ml produced slight increases in cytotoxicity, 32%, 34%, and 
35%, respectively,.compared to 29% cytotoxicity manifested by untreated LAK 
cells. To determine whether Con A-induced suppressor cells were responsible for 
the inhibition of LAK cell activity, Con A-treated PBL were added to LAK cells 
in mixing experiments. Data presented in Table 1 demonstrate that Con A- 
activated cells at a 1: 1 effector to inhibitor cell ratio produced negligible inhibition 
of the cytotoxicity of LAK cells. Additional experiments were performed to de- 
termine whether Con A-activated cells can themselves exert cytotoxic activities 
thus potentially causing the lysis of LAK cells. Con A-treated cells were also 
examined for the expression of determinants recognized by LAK cells thus re- 
sulting in cold target competitive inhibition of LAK cells. Results presented in 
Table 2 demonstrate that Con A-treated cells did not produce any cytotoxicity 
against LAK cells or were Con A-activated PBL subject to lysis by LAK cells. 

Effect of Prednisolone on LAK Cells 

IL-2 and LAK cells administered for the experimental treatment of malignan- 
cies has been associated with toxic reactions which could be reduced by the 
coadministration of cortisone acetate (18). We previously reported that IL-2 can 

TABLE I 
CON A ACTIVATED PBL AS INHIBITORS OF LAK CELL ACTIVITY~ 

-____ 

Effector cells’ Target cells’ % Cytotoxicityd % Inhibition 

LAK cells SB cells 38.7’ - 
Con A-treated PBL SB cells 9.3 - 
LAK cells 

i- SB cells 48.3 (48.0) 8.7 
Con A-treated PBL 

” Total PBL (2 X lo6 cells/ml) were precultured with 40 t&ml Con A for 5 days, washed, and used 
as inhibitors in LAK cell assays at a 1:l effector to inhibitor ratio in a 51Cr release assay. 

b PBL precultured with IL-2 for 6 days and used as LAK cells. 
c Target cells labeled with 5’Cr as described under Materials and Methods. 
d Cytotoxicity was calculated as described under Materials and Methods. Values represent the mean 

of triplicate determinations of a representative experiment at a 50: I E:T cell ratio. Two other exper- 
iments produced similar results. 

e Data in parentheses represent the predicted value which is the sum of cytotoxicities of LAK cells 
+ Con A-treated PBL. 

r Percentage inhibition was calculated on the basis of predicted cytotoxicity as the control. 
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TABLE 2 
CULTUREDCELLSASEFFECTORSORTARGETSOFCYTOTOXICITY~ 

Effector cells Target cell? 

Con A-activated PBL LAK cells 
LAK cells Con A-activated PBL 
LAK cells Prelabeled SB cells 

o/o Cytotoxicity 
__--- -- 

2.7’. 
3.1 

42.1 

a PBL precultured with either Con A (40 p&ml) (Con A-activated cells) or IL-2 (LAK cells) for 6 
days and used either as effector or target cells in a “Cr release assay at a 50: 1 E:T cell ratio. 

b Target cells labeled with “Cr as described under Materials and Methods. 
’ Pereentage cytotoxicity was calculated as described under Materials and Methods. Values repre- 

sent the mean of triplicate determinations of a representative experiment. Two other experiments 
produced similar results. 

partially reverse the suppression of NK activity induced by PRD (5). Experiments 
were thus undertaken to investigate whether PRD directly affects the activity of 
LAK cells or prevents their generation. Figure 3 shows the effect of direct addi- 
tion of PRD on the cytotoxic activity of LAK cells against K562 targets in a 4 hr 
“Cr release assay. At a 5:l E:T cell ratio, LAK cells produced a mean of 30% 
cytotoxicity. PRD at lo-*, lo-‘, and 10e6 M concentrations produced negligible 
inhibition of the cytotoxic effect of LAK cells, 25% (P < 0.25), 24% (P < 0. l), and 
23% (P < O.l), respectively. PRD at low5 and lop4 M concentrations significantly 
inhibited LAK cell activity, 21% (P < 0.05) and 10% (P < O.Ol), respectively. 

Effect of Prednisolone on the Generation and Activity of LAK Cells 

Figure 4 demonstrates the viability and yield of LAK cells generated in LAK 
medium with or without varying concentrations of PRD added at initiation of 
culture. PBL were cultured initially at a concentration of 1 X IO6 cells/ml. On Day 
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FIG. 3. Effect of prednisolcle on LAK cell activity. Normal PBL (1 x lo6 cells/ml) were cultured 
in LAK medium with or without varying concentrations of PRD for 6 days. washed, and tested for 
their cytotoxic activities against K562 target cells at a 5:l E:T cell ratio. Values represent mean 
percentage cytotoxicity ? SD of three experiments performed in triplicate. 
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FIG. 4. Effect of prednisolone on yield and viability of LAK cells. Normal PBL (1 x lo6 cells/ml) 
were cultured in LAK medium for 6 days with or without varying concentrations of PRD, and assayed 
for yield and viability by trypan blue dye uptake. Values represent mean values f  SD of two exper- 
iments performed in triplicate. 

6 of culture, the cell concentration increased to an average value of 2.4 X lo6 
cells/ml. Cultures containing different concentrations of PRD showed a gradual 
dose-dependent decrease in the yield of LAK cells. PBL precultured in LAK 
medium for 6 days demonstrated a mean of 94.2% viability compared to a mean 
of 95.0% viability shown by initial cultures. PBL cultured with varying concen- 
trations of PRD in LAK medium also showed levels of viability comparable to 
untreated control cultures at all PRD concentrations tested. Although PRD at 
doses as low as 1O-9 A4 caused some dimunition of LAK cell yield, a further 
dose-dependent decrease in the generation of LAK cells was noted with higher 
concentrations. Viability as determined by trypan blue dye uptake was unaffected 
by the concentration of PRD used. 

Figure 5 shows the cytotoxic activity of LAK cells generated in the presence of 
different concentrations of PRD against target cells. At PRD concentrations of 
lop8 and IO-’ M, LAK cells demonstrated a slight inhibition of their cytotoxicity, 
54% (P < 0.4) and 45% (P < O.l), respectively. PRD at lop6 and 10m5 M signif- 
icantly inhibited LAK cell activities yielding cytotoxicities of 23% (P < 0.005) and 
15% (I’ < 0.0025), respectively. LAK cells generated with PRD concentrations of 
lo-‘, 10p6, and 10m5 M manifested significantly lower levels of cytotoxicity 
against K562 targets, 30% (Z’ < 0.05), 25% (P < 0.025), and 10% (P < O.OOl>, 
respectively, compared to controls. PRD at concentrations of 10p9, 10d8, IO-‘, 
10m6, and lop5 M also produced significantly lower levels of cytotoxicity, 25% (P 
< 0.025), 18% (P < 0.025), 12% (I’ < O.Ol), 10% (P < O.OOW), and 5% (P < O.OOl), 
respectively, compared to 45% cytotoxicity expressed by untreated cultures 
against HSB target cells at 1O:l E:T ratios. LAK cells generated in media alone 
produced 21% cytotoxicity against SB targets which was significantly reduced to 
11% (P < 0.05), 7% (P < 0.025), 5% (P < O.Ol), 4% (P < O.OOS), and 2% (P < 
0.0025) cytotoxicity by 10W9, lo-‘, lo-‘, 10W6, and 10v5 M PRD concentrations, 
respectively. Data in Fig. 6 demonstrate LAK cell activity of PBL precultured in 
LAK medium with or without IO-’ M PRD at different E:T ratios. LAK cells 
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FIG. 5. Effect of prednisolone on LAK cell generation. Normal PBL (I x 10“ cells/ml) were cultured 
in LAK medium for 6 days with or without varying concentrations of PRD, washed, and tested for 
cytotoxic activity against the various targets indicated at 10: 1 E:T cell ratios. Values represent mean 
percentage cytotoxicity k SD of three experiments performed in triplicate. 

generated without PRD produced 62, 50, and 24% cytotoxicity at 25: 1, 10: 1, and 
5:l E:T cell ratios, respectively, against K562 targets compared to significantly 
lower levels of cytotoxicity, 44% (P < O.OS), 25% (P < O-025), and 10% (P < 
0.025) produced by LAK cells generated with PRD. When the SB cell line, known 
to be nonsensitive to NK cells, was used as targets of LAK cells generated 
without PRD, 28, 22, and 15% cytotoxicity was observed at 25:l. lO:l, and 5:l 
E:T cell ratios, respectively. However, LAK cells generated in the presence of 
lop7 M PRD manifested significantly decreased levels of cytotoxicity, 13% (P < 

FIG. 6. Effect of prednisolone on LAK cell activity at various E:T cell ratios. Normal PBL ( 1 x IO” 
cells/ml) were cultured in LAK medium for 6 days with or without 10m7M PRD. washed. and tested 
for their cytotoxic activity against K562 and SB targets. Values are mean cytotoxicity I SD of three 
experiments with triplicate de’erminations each. (a). Cytotoxicity of PBL precultured without PRD 
against K562 targets; (A), cytotoxicity of PBL precultured + PRD against K.562 targets: (0). cyto- 
toxicity of PBL precultured without PRD against SB targets: (a), cytotoxicity of PBL precultured + 
PRD against SB targets. 
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0.029, 11% (P < 0.029, and 3% (P < 0.025) at 25: 1, 10: 1, and 5: 1 E:T cell ratios, 
respectively. Thus inhibition of LAK cell cytotoxicity by PRD was evident 
through a wide range of E:T cell ratios. 

DISCUSSION 

In a variety of animal and human studies, lectins and corticosteroids were 
observed to exert a major role in nonspecific immunoregulation (22-24). Our 
previous investigations demonstrated that PBL precultured with Con A exhibited 
diminished NK and ADCC activities and could suppress these cytotoxic functions 
in both autologous and allogeneic coculture experiments, and regulation of these 
cytotoxic activities appears to be mediated by soluble factors released by Con 
A-activated cells (8). We also demonstrated that PRD significantly inhibited the 
NK and ADCC activities of normal lymphocytes in vitro (5). 

LAK cells have been gaining importance because of their apparent role in host 
defense against tumors. The concept of adoptive immunotherapy in tumor control 
has been strengthened recently by the demonstration that LAK cells can kill a 
variety of tumor cells (10-15), although normal fetal and placental cells also 
showed susceptibility to lysis by LAK cells (14). It has been reported that the in 
vivo use of LAK cells for experimental tumor therapy can be associated with a 
toxic effect, the capillary permeability leak syndrome, which could be ameliorated 
by administration of steroids (18). To make LAK cell therapy a success, a precise 
understanding of the cellular and molecular mechanisms of their immunoregula- 
tion must be developed. We report herein a previously unrecognized immunoreg- 
ulatory aspect of LAK cell activity, Con A and PRD suppress the induction as 
well as the lytic ability of LAK cells against a variety of target cells in vitro. 

The concentration of IL-2 used in the present investigation is less than that 
generally used in the most recent LAK cell generation protocols using 1 or 2 days 
of culture. Our protocol is consistent, however, with the earlier studies of Grim 
and Rosenberg (14) who used very low concentrations of IL-2 to generate LAK 
cells over a longer period of 4 to 5 days of incubation. Further, our earlier studies 
showed that Con A and PRD exert immunomodulatory effects on NK cells when 
lymphocytes were precultured for 72 hr. Therefore generation of LAK cells using 
low concentrations of IL-2 in a 4- to 5-day culture may be a preferable model to 
study the effects of these agents on LAK cell generation and activity. 

The mechanism by which Con A inhibits LAK cells is not yet understood. We 
examined whether Con A may induce suppressor cells capable of inhibiting LAK 
cell induction or function. In coculture experiments, Con A-treated, allogeneic 
lymphocytes did not significantly inhibit the cytotoxic activities of LAK cells 
(Table l), thus demonstrating that unlike many other lymphoid functions, LAK 
cells are not regulated by Con A-induced suppressor T cells. It is also possible that 
Con A may be inducing autoreactive cytotoxic cells, leading to lysis of LAK cells 
or may be stimulating the expression of additional LAK cell-specific target de- 
terminants thus potentially causing cold target competitive inhibition of LAK 
cells. Our data show that Con A-treated cells produced no cytotoxic activity 
against “Cr-labeled LAK cells nor did they themselves serve as targets of LAK 
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cells causing cold target competitive inhibition (Table 2). The direct addition of 
Con A to the LAK and target cell mixture showed a moderate enhancement of 
LAK cell activity which is consistent with lectin-dependent cellular cytotoxic 
activity as reported earlier by us (25, 26) and others (27, 28). The reduced cyto- 
toxic activity of LAK cells generated in the presence of Con A compared to 
control cultures containing only IL-2 was not merely due to a decrease in cell 
number as equal numbers of viable effector cells from Con A-treated and control 
cultures were used in the assay. Thus the inhibition of LAK cell generation and 
activity may be due to the direct effect of Con A on LAK cells or their precursors 
or through some soluble immunoregulatory mediators produced by Con A di- 
rected against LAK cells or their precursors. Further experiments may resolve 
this issue. 

Numerous studies have shown that steroids act on macrophages, T and I3 
lymphocytes, and NK cells (29-34). This report further demonstrates that PRD 
exerts an inhibitory effect on LAK cell generation and activity. While a negligible 
inhibitory effect was noted at lop9 and lOA8 M PRD, higher concentrations, 10m7, 
lo-“, and 10e5 M, significantly inhibited the generation of LAK cells. When PRD 
was added directly to the mixture of LAK cells and target cells in the cytotoxicity 
assay, significant inhibition was observed only at the higher steroid concentra- 
tions. The inhibitory effect of PRD on LAK cell activity was not due to increased 
resistance of targets to lysis as target cells pretreated with PRD were as sensitive 
to lysis as untreated targets (data not shown). Papa et (11. (18) reported that 
systemic administration of daily doses of cortisone reduced the toxicity resulting 
from high doses of IL-2. Similar doses of cortisone did not effect the therapeutic 
effect of administration of exogenous LAK cells plus low doses of IL-2. Using an 
in vitro system, Papa et al. (18) also observed a decreased yield of LAK cells 
when cortisone acetate was added directly to the LAK cell generation cultures. 
Our results herein are consistent with the in vitro observations of Papa et al. (18) 
as the addition of PRD to LAK cell generation cultures resulted in a reduction of 
LAK cell yields. Further, we demonstrated that the specific cytotoxic activity, on 
a per cell basis, of PRD-treated LAK cells was also decreased. This, however. 
contrasts with Papa et al. (18) who showed that the lytic activity per cell was not 
changed by incubation with cortisone acetate. This discrepancy may be due to 
potential differences between the immunoregulatory effects of cortisone acetate 
and PRD. Another mechanism which could result in a lower yield of LAK cells is 
the direct lysis of lymphocytes by PRD. However, this is unlikely since PRD, 
even at higher concentrations, did not cause any loss of viability as shown in 
Fig. 4. 

The mechanisms by which PRD affects LAK cell activity are also not well 
understood. Palacios and Sugawara (23) demonstrated that hydrocortisone inhib- 
its the proliferation of T cells in the autologous-mixed lymphocyte reaction by 
causing IL-2 producing T cells to become unresponsive to IL-l and therefore 
unable to synthesize IL-2. Although exogeneous IL-2 is available in the LAK cell 
culture, precursor cells cannot respond to IL-2 stimulation as indicated by the 
lower yield of LAK cells generated in the presence of PRD as well as their 
decreased functional activity. We reported earlier that PRD-induced inhibition of 
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NK and ADCC activities was not significantly reversed by the addition of exog- 
enous IL-2 (5). Future studies may elucidate the cellular and biochemical mech- 
anisms underlying PRD-induced suppression of LAK cell generation and func- 
tion. To achieve an effective antitumor response in adoptive immunotherapy us- 
ing LAK cells, special consideration should be given to the coadministration of 
corticosteroids. These in vitro effects of PRD on LAK cell activity may be a 
reflection of similar immunological changes occurring in vitro, however, caution 
should be exercised for the direct extrapolation of these in vitro results to more 
complex in vivo situations. 
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