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Summary. Human peripheral blood mononuclear cells de- 
velop a powerful lytic capacity when cultured in vitro with 
interleukin-2 (IL-2), becoming lymphokine-activated killer 
cells (LAK cells). As part of an investigation into means of 
influencing this process, the effect of other cytokines has 
been examined. In this study we describe the ability of in- 
terleukin-6 (IL-6) to regulate the induction and function of 
human LAK cells. The results show that substitution of 
IL-6 for IL-2 did not lead to the development of functional 
LAK cells, nor was IL-6 able to alter the lytic capacity of 
established LAK cells. However, when IL-6 was included 
with IL-2 during the induction phase of the LAK cells, the 
resulting cells displayed considerably greater lytic activity 
than those prepared with IL-2 alone. This effect was IL-6 
dose-related. These results indicate that LAK cell develop- 
ment may be positively regulated in vitro; the implications 
of this observation for the clinical usage of LAK cells are 
discussed. 

Introduction 

The ability of human peripheral blood mononuclear cells 
to be transformed by interleukin-2 (IL-2) into potent lytic 
effectors has attracted rauch interest as a therapeutic 
strategy for the treatment of advanced human tumours 
[13, 15]. It is of particular interest that in vitro they kill 
tumour cell targets in a non-MHC-restricted manner, 
while leaving normal tissue undamaged (as reviewed by 
Rosenberg and Lotze [14]). 

It is difficult to isolate LAK cells ex vivo, but easy to 
generate them in vitro and this suggests that their develop- 
ment taust be closely regulated within the body, if it is per- 
mitted at all. The generation of such potent effector cells 
may not be desirable physiologically, especially when they 
are not constrained by the usual requirement for antigen to 
be recognised in the context of self major histocompati- 
bility complex (MHC) molecules. However, it would give 
a therapeutic advantagc to the clinician if he were able to 
overcome this in vivo regulation in certain circumstances, 
such as the post-surgical treatment of advanced malig- 
nancies. 

This question has been addressed by examining the 
ability of cytokines other than IL-2 to influence the induc- 

Offprint requests to: G. Gallagher 

tion of human LAK cells. Previous investigations have 
suggested that several cytokines are able to inhibit human 
LAK cell development severely; in particular, transfor- 
ming growth factor [3 [9], IL-4 [3] and IL-3 or IL-4 [5]. 
Thus, it appears that several immuno-physiological signals 
can suppress LAK cell generation in the presence of IL-2. 
Natural materials that promote LAK cell induction have 
proved more difficult to identify but it has been shown 
that interferon y, interferon [31 and IL-I[~ are able to pro- 
long the induction time for LAK cells with resultant higher 
yields of cytolytic activity [11]. In this report we describe 
how recombinant human IL-6 can greatly increase the 
lytic activity of cells recovered after a 4-day induction 
period with IL-2. 

Materials and methods 

Isolation and preparation of human LAK cells. Samples of 
peripheral venous blood (20tal) were obtained from 
healthy adult volunteers; both male and female donors 
were used. Peripheral blood mononuclear cells were isolat- 
ed by density centrifugation over Ficoll-Hypaque (Phar- 
macia) then washed three times in culture medium. Cells 
were resuspended to a density of 2 × 106/tal and cultured 
in l-tal volumes in 24-well plates (Sterilin); experiments 
were established in duplicate. The culture medium em- 
ployed was Ham's F10, supplemented with 10% (v/v) 
foetal calf serum and containing 4 mM glutamine; cells 
were incubated at 37 ° C in a humidified atmosphere of 5% 
CO2 in air. All media components were from Flow Labora- 
tories (Rickmansworth, UK). IL-2 (human recombinant, 
from Genzyme, Boston, USA) was obtained from Koch- 
Light Ltd (Haverhill, UK) and added to a final concentra- 
tion of 200 units/ml (40 ng/ml). Cells were cultured for 
4 days, after which time they were harvested, counted 
and designated LAK cells. Where appropriate, human re- 
combinant IL-6 (Genzyme) was added to final concentra- 
tions of 10, 50 or 100 ng/ml and anti-IL-6 (Genzyme) at 
25 .ttg/ml. 

Cytotoxicity assay. An 18 h assay was deliberately chosen 
to mimic in vivo conditions, where LAK cells are expected 
to function for long periods [5]. The target cell was the nat- 
ural-killer - resistant ovarian tumour cell line OWmM1, 
which we have previously shown to have antigenic charac- 
teristics of primary human ovarian-tumour-derived cells 
[1]. These were cultured at a level of 2 x 104 cells/well in 
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96-well f la t -bot tom plates (Sterilin) and al lowed to adhere 100 
overnight. L A K  cells were then added  to an effector-to- 
target cell ratio of  5:1. In some cases (see Results) IL-2 8o 
a n d / o f  IL-6 were present during the effector phase. At the 
end of  this time, L A K  cells and dead target cells were 60 
removed by gentle but thorough washing with complete 
culture medium and the remaining viable target cells quan- 40 
tified by the MTT assay [4, 5, 8]. In this method,  the enzy- 
mic reduction over 4 h of  the dye 3-(4,5-dimethylthiazol- 20 
2-yl)-2,5-diphenyltetrazolium bromide  (MTT, Koch-Light  
Ltd) results in the product ion  of  blue crystals, which can 0 
be dissolved in dimethylsulphoxide.  The resulting absor- 0 
bance (595A) is directly propor t iona l  to the number  of ~ 100-f 
viable cells present  at the start of the 4 h incubation,  and z ] DONOR 2 
the percentage kill achieved in the various test wells was "] 804 
calculated by comparison with wells which contained only -~ 
OWmM1 targets and no effectors, v 60 

Results  

Interleukin-6 enhances the induction of human LAK 
cells by IL-2 

We first examined the effect of  stimulating per ipheral  
b lood  lymphocytes  with either 100 ng /ml  IL-6 or 40 ng /ml  
IL-2 (previously seen to be opt imal  [5]) or a combinat ion 
of  the two. The resultant L A K  activity was measured in the 
absence of  cytokines, for the 18 h per iod described. The 
experimental  results shown in Table 1 illustrate that IL-6 
greatly enhanced the induct ion of  L A K  activity, as shown 
by a greater percentage killing of  O w M m l  cells. In the 
case of  donors 1 -3 ,  this effect of  IL-6 on IL-2-driven L A K  
cell induct ion was shown to be dose-related (Fig. 1). In an 
addi t ional  experiment  (Fig. 2) it was clearly demonstra ted 
that 25 lxg/ml rabbit  ant i - (human IL-6), when present with 
100 n g / m l  IL-6 and 40 ng /ml  IL-2 during the induct ion 
phase,  resulted in L A K  activity no different from that 
expected with 40 ng /ml  IL-2 alone. 

These data suggest s trongly that IL-6 is able to act in 
the presence of  IL-2 to enhance the cytotoxic capabil i ty  of  
the activated per ipheral  b lood lymphocytes.  

Table 1. Interleukin-ó augments the IL-2-driven induction of 
human lymphokine-activated killer cells ~ 

Donor Killing (%) following cytokine stimulation 

None IL-6 IL-2 IL-6+IL-2 

1 24+2 29+3 54__+ 6 86+14 
2 18+7 18_+2 32+ 7 68+ 9 
3 17+3 18+4 26+ 4 52+11 
4 ND 28+9 41_+ 4 73_+12 
5 ND 11_+5 29_+ 8 56_+ 4 
6 ND 17_+2 53_+ 3 67_+13 
7 ND 24_+7 68_+ 9 82_+10 
8 ND 32+4 47-+12 78-+ 7 

a Human peripheral blood lymphocytes were exposed to IL-6 
alone (100 ng/ml), IL-2 alone (40 ng/ml) or a combination of 
100 ng/ml IL-6 plus 40 ng/ml IL-2. After 4 days the cells were 
treated for LAK cell activity as described in the text. The mean 
percentage killing+standard deviation of six replicate wells is 
shown 
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Fig. 1. Interleukin-6 enhances the production of LAK cell activity 
by interleukin-2 but does not support LAK cell production by it- 
self. LAK cells were generated as described in the text and ap- 
plied to target cells at an E:T = 5:1. Killing was allowed to pro- 
ceed for 18 h in the absence of exogenous cytokines and the per- 
centage killing achieved was calculated. The results show the 
mean_+ standard deviation of six replicate wells per test point. The 
open bars show results when increasing amounts of IL-6 alone 
were used during the induction phase, the solid bars illustrate the 
effect of titrating IL-6 in the presence of 40 ng/ml IL-2 

Interleukin-6 does not increase the number of LAK cells 
recovered 

It was of  interest to investigate whether the presence of  
IL-6 led to an increase in cell growth in the presence or ab- 
sence of  IL-2. 

Table 2A shows the total  number  of  cells recovered 
from test wells receiving IL-6 alone. These wells yielded 
the same number  of  cells as untreated wells 
( 2 x  106-3 × t06 cel ls /ml  recovered),  this representing a 
minor  increase over the 2 x 106 cells plated. In addit ion,  
cells recovered from wells treated with IL-6 alone were 
morphological ly  similar to the non-s t imulated cells obtain-  
ed from control  wells (not shown). Table 2B compares  the 



100 7- 

60 ~ 

~. , 
4 5 6 7 8 

DONOR 

Fig. 2. Anti-IL-6 neutralises the effect of IL-6 on LAK cell induc- 
tion. LAK cells were generated as described above and addition- 
ally in the presence of 25 p.g/ml rabbit anti-(human IL-6). The 
open bars represent LAK activity generated by 40 ng/ml IL-2; the 
closed bars show the results with 40.ug/ml IL-2 + 100 hg/tal 
IL-6; the hatched bars give the killing generated by 40 ng/ml 
IL-2 + 100 ng/ml IL-6 + 25 l.tg/ml anti-IL-6 antibody. The mean 
+SD of six replicate wells is shown for donors 4-7 and of four 
replicates for donor 8 

number  of cells obtained following IL-2 treatment in the 
presence and absence of IL-6. Again, no difference in cell 
numbers due to the presence of IL-6 was noted although 
there was an IL-2-induced cell proliferation (2 × 106 cells/ 
ml plated, 3.56 × 106-5.88 × l06 cells/ml recovered). In ad- 
dition, the cells all showed the activated morphology typi- 
cal of IL-2 treatment. 

Interleukin-6 does not affect L A K  cell function 

We next addressed the question of whether IL-6 was able 
to influence the effector phase of LAK cell function. This 
was achieved by inducing LAK cells in the presence of 
IL-2 alone, then performing the cytotoxicity assay in the 
presence of the test cytokines. The experimental results are 
shown in Table 3 and demonstrate that IL-6 has no effect 

Table 2. Interleukin-6 does not affect the number of LAK cells 
harvested a 

Stimulation 10 .6 × Cells recovered (tal -1) 

Donor 1 Donor 2 Donor 3 

A 
None 2.64 2.85 3.72 
IL-6 (10 ng/ml) 2.66 2.56 2.96 
IL-6 (50 ng/ml) 2.66 ND 2.54 
IL-6 (100 ng/ml) 2.20 2.34 3.48 

IL-2 (40 ng/ml) 5.24 3.73 5.88 
IL-2 + IL-6 (10 ng/ml) 4.95 3.56 5.06 
IL-2+ IL-6 (50 ng/ml) 4.95 ND 5.23 
IL-2 + IL-6 (100 ng/ml) 4.50 3.87 5.70 

a LAK cells were generated in the presence of the above cytok- 
ines; 2 x 106 cells were plated into two wells of a 24-well plate per 
test point. After 4 days, cells from each point were harvested, 
pooled and counted. The average cell number thus obtained is 
shown 

Table  3. Interleukin-6 does not 
kill the tumour cell target a 

affect the 
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ability of LAK cells to 

Cytokines present Killing (%) 

Donor 4 Donor 5 Donor 6 

None 53+ 8 32+10 68+12 
IL-6 (10ng/ml) 60+ 5 30+_ 4 58+10 
IL-6(100ng/ml) 47+_ 5 32+_ 9 42+ 9 

IL-2 (40 ng/ml) 76+13 42+ 4 >99 
IL-2+ IL-6 (10 ng/ml) 81+12 44+13 >99 
IL-2 + IL-6 (100 ng/ml) 76+ 5 36+11 89+14 

a LAK cells were generated by exposure to IL-2 alone (40 ng/ml) 
and target cells were exposed as described for Fig. 1, but in the 
presence or absence of IL-2 and/or IL-6 as shown. IL-6 was 
unable to affect the LAK cell function, either positively or nega- 
tively. The mean _+ standard deviation of six replicate wells per 
test point is shown 

on the killing achieved by the cells of any of three donors, 
irrespective of whether IL-2 is also present. 

D i s c u s s i o n  

We set out to investigate physiological signals that could 
influence the development of human LAK cells. In this re- 
port we describe how the cytokine interleukin-6 enhances 
the effect of IL-2, with an increase in the resulting cyto- 
lytic activity (Table 1). 

LAK cells harvested after exposure to IL-2 and IL-6 
showed a greatly increased killing ability, in a manner  
which was dependent  upon  the concentration of IL-6 pre- 
seht during the induction phase (Fig. 1). 

Several possible explanations exist for this observation. 
First, that IL-6 was inducing a cytotoxic populat ion addi- 
tional to that stimulated by IL-2; however, no killing was 
achieved by cells stimulated by IL-6 alone and so this pos- 
sibility can be discounted. Secondly, that IL-6 rendered 
the target cells more susceptible to LAK cell lysis, or that 
IL-6 enhanced the cytotoxic function of LAK cells; the re- 
sults shown in Table 3 suggest that this is not the oase. 
Thirdly, that increased proliferation of activated cells in 
response to the presence of IL-6 during the induct ion 
phase would lead to the development of a greater number  
of lytic effectors, which would be reflected in the func- 
tional assay of the fixed E :T  ratio as an increase in mea- 
sured killing. However, IL-6 did not influence the number  
of cells harvested after the induct ion period (Table 2). 

Two probable explanations remain. First, that IL-6 
and IL-2 act together to develop cytotoxic function in a 
subpopulat ion of peripheral blood mononuclear  cells, 
which do not become active under  the influence of either 
material alone. Secondly, that IL-6 acts on the same sub- 
populat ions as does IL-2 (but only in the presence of IL-2) 
in such a way as to amplify the lytic capability of these 
cells. At present we are unable  to discriminate between 
these two possibilities and this is an object of active 
investigation, although it is of interest that in the mouse, 
IL-6 combines with IL-2 and interferon y to promote the 
development of cytotoxic T cells from immature thymo- 
cytes [ 12]. 

The complex nature of the action of IL-6 within the 
"cytokine network" [17] has led to many activities of this 
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material being described; for example, IL-6 enhances the 
production of murine multipotent stem cells from bone- 
marrow culture [7]. Of particular interest is the pyhsiologi- 
cal role of IL-6 as the causative agent in the induction of 
acute-phase proteins in vitro [2] and in vivo [6]. Elevated 
serum and urine IL-6 levels are associated with acute- 
phase protein titres in burns patients [10] and following 
surgery [16]. Thus, IL-6 appears to be present systemically 
within the body during trauma (such as surgery) and as 
such represents orte of the few natural instances where a 
cytokine reaches measurable levels in the peripheral circu- 
lation. If this were shown to be the case in cancer patients 
then it may allow the in vivo generation of specific cyto- 
toxic T cells or LAK cells by post-surgical administration 
of IL-2. 
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