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ABSTRACT
The effect of natural killer (NK) cells and lymphokine activated killer
( LAK) cells was studied on a group of human melanoma cell lines. Peripheral
blood from healthy volunteers was utilized as a fresh source of natural killer
cells and rhI L-2 for producing LAK cells. The cytotoxicity of effector cells
was quantified using a 4 hour SI
determining the density of antigen expression on tumor cell surface. The ma
jority of WM melanoma cell lines were relatively resistant to lysis by NK
cells, but all showed high sensitivity to LAK cytotoxicity. The e�pression of
MH C class I and I CAM-l on tumor cell lines varied, however using linear
regression analysis between MH C class I and I CAM-l antigen expression,
and UK/
pression of these antigens on the WM melanoma cell lines tested are indepen
dent ofNK/
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INTRODUCTION

LV. into tumor-bearing animals or cancer patients.6 How

ever, in vivo studies showed only a 25-30% response to
Natural killer (NK) cells are bone marrow derived and

administration of LAK cells and/or IL-2 among different

thymus independent, and are operationally defined by their

tumors.7 It whould therefore seem that the mechanisms

ability to lyse a restricted panel of target cells without prior

involved need to be further studied. The data which de

"antigen specific priming".1 NK cells have been considered

scribes the mechanisms of susceptibility or lack of suscep

to be effector cells that lyse tumor cells or virally infected

tibility to NK/LAK is controversial.8,9 In addition, several

cells via non-specific mechanisms.1 NK activity in vitro is

different mechanisms, including the role of antigen expres

strongly stimulated by pre-treatment of effector cells with

sion on the cells, have been considered.7,JO.11 So, an inves

IL-2 or IFNs, after which they become lymphokine activated

tigation into the relationship of surface molecules on tar

killing cells or LAK, and do not undergo cell division.J·4

get cells and NKILAK cytotoxicity might be important if

Several tumor cell lines of different origin as well as

we are to develop a better understanding of the mecha

normal cells including hepatocytes, peripheral blood leuko

nisms of lysis.

cytes (PBL), bone marrow cells and thymocytes are essen

We present the results of our investigations on the role

tially resistant to NK/LAK activity.5

of class I and adhesion molecule receptors on target cells

In "adoptive immunotherapy", LAK cells are injected

from a group of paired (primary and metastatic) melanoma
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cell lines, in order to determine their susceptibility to NKI

washed once more and the pellet re-suspended in 300flL
PBS/serum. Samples were then ready for flow cytometric
analysis.

LAK activity in vitro. The ability of NKILAK cells to

recognise and destroy target cells by multiple adhesion-like

receptors on target cellsll was included. Intracellular adhe

For flow cytometric Ab analysis, cell suspensions were
run on an Orthocyte benchtop flow cytometer (Ortho Diag
nostics Ltd.) with measurements taken of the median fluo

sion molecule- 1 (ICAM- l ) and major histocompatibility

complex (MHC) class I have been classified as the mem

rescence channel, from a total of 10,000 cells per sample.

bers of the immunoglobulin superfamily and are involved
z
in immune function and cell kiIling.1o•1 Therefore, the sus
and the relationship between the constitutive level of ex

The median fluorescent channel for each fluorescence his
togram was considered to represent the average amount of
antibody bound to each cell, and therefore be used as an

gen) and effector cytotoxicity was investigated.

A representative flow-cytometry printout which indicates
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ceptibility of the tumor cell lines to NKILAK cytotoxicity,

pression of these proteins (MHC class I and ICAM- 1 anti

indicatot of antigen density for the protein under analysis.

the intensity of antigen expression from the tested cells is

MATERIALS AND METHODS

illustrated in Figure 1.

This study was based on a group of human melanoma

g �------�

cell lines derived from primary (P) and metastatic (M) tu

morslJ as follows: (primary/metastatic); WM278/WM1617;

c

WM983B; and WM35(P); WM902 B(P); WM39(P).

CON/teAM

co

WM1361A

WM1361A/WM136 1C; WM793/WM 1 205; WM983A/
Lymphoblastoid tumor cells (K562, NK sensitive) and co

lon carcinoma cells (SW742, NK insensitive) were used as

controls. A375, a cutaneous melanoma cell line, was in

cluded. Melanoma cell lines were cultured in Dulbecco's

medium (Life Technologies Ltd; Paisly, Scotland) and pe
ripheral blood mononuclear cells (PBMC), K562 and

SW742 cells in RPMI (Life Technologies Ltd; Paisly, Scot

land) plus 10% fetal calf serum (Northumbria Biologicals
Ltd., UK) at 37°C in a 5% COz humidified incubator.
The following antibodies were used;

1) IgGz mouse monoclonal antibody W6/32 against hu

man HLA class-I antigen (a generous gift from Dr. K.
Gelsthorpe, BTS, Sheffield).

2) Anti-ICAM-I, CD54 against the intracellular adhe

sion molecule (a generous gift from Dr. N. Hogg, ICRF,
London).

3) FITC-conjugated goat anti-mouse (Fab)2 fragment

immunoglobulin) second stage antibody alone was used as
the negative control for the test.

Tumor cells were prepared in the following way:

Fig. 1. The flow cytometric analysis of stained cells with MoAb
againstICAM-l as well as the negative (control) outlined is shown
as a fluorescence histogram and represent the average level flf
antibody binding and antigen expression (fluorescence intensity)

5-1Ox lOs tumor cells were seeded into tissue culture
flasks and incubated in media containing 10% FCS. Cells

were then harvested as follows: media was removed and the

on WMl36lA cells.

cells washed twice using PBS. 2mL versine (0.2 g EDTA in

Cytotoxicity assay

1mL PBS) was added, incubated at 37°C for 5- 1 0 minutes

or until cells become detached, and the cells removed and

Peripheral blood was obtained from normal healthy vol

washed/centrifuged in PBS at 1900 r.p.m. for 5 minutes at

unteers. Heparinized blood was layered over Histopaque

1 x lOS cells/test tube and labelled with the primary antibody

minutes at 400 g. The buffy coat interface was collected and

mixing. Cell samples were then washed with PBS/serum at

cell preparation was utilized as a fresh (PBMC) source of

4°C. The supernatant was discarded and cells aliquoted into

1077 (density= 1.077g1m-Sigma) and centrifuged for 35

washed twice with cold PBS. The resultant mononuclear

(lO,uL), incubated for 20-30 minutes at 4°C, with occasional

natural killer (NK) cells, and PBMC cultured in the pres

4°C. The second-stage antibody (FITC) was then added at

ence of recombjnant rhIL-2 (500f.!/mL) in �4-48 hours for

IOOflL (1 in 100 dilution) and incubated at 4°C in the dark

producing LAK cells. Lysis of tumor cells by NK/LAK cells

for 30 minutes, with occasional mixing. Samples were
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was quantified using a 4 hour 51Cr release assay. Tumor cells

tion ofNKlLAK and antigen expression.

were labelled with lOOmCi 51Cr for an hour, washed three
times with RPMI and the pellet was aliquoted at a density

RESULTS

of 1x 104 cells per well on 96-well round bottom plates.NKI
LAK cells were then added to the wells to achieve effector

The results of the cytotoxicity assays showed that the

If: 1 and 6: 1. Triplicated

majority of WM melanoma cell lines were relatively resis
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to target (E:T) ratios of 50: 1, 25: 1,

wells were set up for each E: T ratio. After a 4-hour incuba

tant to lysis by freshly isolated PBMC (NK). Although NK

tion at 37°C, the supernatant was harvested (Skatron sys

cytotoxicity varied from target to target, cytotoxicity less

tem) and counted. Spontaneous release was measured from

than 8% for a ratio of 50: 1 is considered t o indicate resis

1 x 104 cells to which media alone was added, and the maxi

tance, which is similar to the data generated by the insensi
tive (SW742) cell line. In addition, 1\375 and WM35 were

mum release was measured by lysing the same number of

weakly sensitive toNK cytotoxicity in comparison with the

target cells with 1% sodium dodecyl-sulphate. Spontaneous

control cells, e.g. K562 wjth 39.6% cytotoxicity at a ratio of

release remained below 15% for all experiments. The per

50: 1 (Table I). When the PBMC were treated with IL-2 for

cent specific lysis was calculated using the following for

24-48 hours, LAK cells were produced arid the cytotoxicity

mula:
%Jysis=

(experimental CPM - spontaneously released CPM)
(maximum CPM - spontaneously released CPM)

assays showed that all cell lines tested were sensitive to LAK
cytotoxicity. The percentage of LAK cytotoxicity ranged

x 100

from 44.4 to 73 for the 50:1 ratio and 19.11 to 54.6 for 12:1,

as indicated in Table I. The tumor cell lines previously shown

Statistical analysis was performed using the Student's t

to be either sensitive or resistant to NK killing became highly

test for antigen expression and linear regression for correIa-

Table I. Basal levels ofICAM-I and MHC classI expression as weIl as the susceptibility ofthe
tumor ceIl lines to NK and LAK cytotoxicity.

%CXtqtoxiCiD:i E: T ratio

Constitutive expression of
Cell lines

LAK

LAK

NK

NK

50:1

11:1

50:1

12:1

ICAM-l

MHCCIassI

60±7

40±6

83

62.2

39.6

26:7

47.2

3.7

0.6

33.5

4.6

2.09
1.99
0.79

K562
SW742

81+8

166+II

76

WM793(Pj

303±15

195±18

57.9

WMI205(M)

354±98

211±56

49.7

22.9

3.4

WM278(P)

I 84±3I

378±97

64

40.3

6.8

WMI617(M)

422±96

443±101

69.8

38.5

7.49

2.9

WM983A(P)

155±12

599±24

48.1

22.8

0.42

0.45

WM983B(M)

180±36

337±35

44.4

27.5

2

0.28

WM136IA(P)

63±22

292±85

53

27

2.7

1.5

WM136IC(M)

137±63

15Q±1O

51

19.11

6.7

2.7

A375

120±6

I 89±23

73

53.5

13.2

8.9

WM35(P)

252±32

260±21

69.4

54.6

11.4

7.6

WM902B(P)

315±27

43Q±32

49.3

20.2

3.6

0.2

WM39(P)

282+24

355+33

r

for ICAM-l

66.1

37.5

5.6

0.3

0.033

0.000

0.000

0.025

(P value) for ICAM-l

(0.571)

(0.965)

(0.981)

(0.618)

r for Class I

0.024

0.040

0.215

0.212

(P v.�u-e)

(0.623)

(0.531)

(0.128)

(0.131)

The data presented for MHC class I and ICAM-I is mean±S.E. of 3-5 experiments measuring
the median channel of fluorescence intensity. r2= regression coefficient, P value for the data
presented, using SPSS software. The data presented for NK and LAK cytotoxicity, obtained by
using the same source ofPBMC effector cells and measured in 4 hours 51Cr release assay. (P)=
Primary cell line, (M)= Metastatic ceIl line.
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Cell lines With low ICAM-I expression, such as K562,

sensitive to LAK cytotoxicity in vitrQ (representative graph

SW742 and WM1361C,showed a similar level ofLAK sus

from WM793 line is illustrated in Figure 1). The quantity
(mean±S.E.) of the antigen expression was obtained from

ceptibility to cell lines with a higher ICAM-I expression,

vary among the cell lines (Table I). All the cell lines were

show any significant correlation between the expression of

3 -5 separate experiments. Antigen expression was seen to

e.g. WM1617, WM793. Linear regression analysis did not

ICAM-I and Susceptibility to LAK cytotoxicity (r2= 0.033,

found to constitutively express both proteins, as shown by

p= 0.571, for the 50:1 ratio and r2= 0.000,p= 0.965 for the

the intensity (median fluorescence channel number) of

12:1 ratio respectively) (Table I). Similar results were ob

ICAM-I and MHC class I antigen expression on the tumor

tained for the relationship between LAK cytotoxicity and
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targets. As shown in Table I, MHC class I and ICAM�1 an

the level ofMHC class I antigen expression (r2= 0.024,p=

tigen expression ranged from 150 to 599 (mean fluorescent

0.623,for the 50: 1 ratio and r2= 0.040,p= 0.531 for the 12:1

channel number) for class I and 63 to 422 for ICAM-I (con

ratio respectively). Analysis of all the data obtained from

trol cell lines are excluded). A representative flow-cytometry

these experiments shows a p value higher than 0.05.

histogram is illustrated in Figure 1 to show the quantity of

Table II indicates the percentage of LAK cytotoxicity

antigen expression for WM1316A cells labelled with anti

with different individuals (i.e., different source of effectors)

ICAM-l.

against two representative tumor cell lines (Data from the

Representative data for cytotoxicity is shown graphically

other cell lines is not shown). the ability of cytotoxic killing

for both N K and LAK cytotoxicity for ratios of 6: 1, 12:1 ,

of effector cells varied between the donors, but the ranges

25:1 and 50:1 (Figure 2). Using linear regresion analysis,
there was no statistically significant correlation between NK

of lack of NK sensitivity (less than 8% cytotoxicity, data

cytolysis and MHC class I expression for all melanoma cell

not shown) and LAK sensitivity were constant.

lines (r2=0.215,p= 0.128, for ratios of 50:1 and r2= 0.212,
p= 0.13 I for ratios of 12: I respectively), or ICAM-l antigen

Table II. Percent cytotoxicity andLAK of diff erent individuals

expression at any ratio (r2= 0.000,p= 0.981, for the 50:1 ratio

against two melanoma cell lines(representing target cells).

and r2= 0.025,p= 0.618 for the 12:1 ratio respectively). The

%Cytotoxicity; LAKltarget ratios

efficiency of killing at a ratio of 50:1 and 12:1 only is included
in Table 1. The data for ratios of 25:1 and 6:1 is not shown.
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Studies have supported a role for NK cells in control·
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ling the metastatic spread of tumor cells in a variety of ani
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mal models,14 although the mechanisms involved need to be
identified. Cytotoxicity mediated by NK cells shows con
611

2511

1211

siderable variability in sensitivity between different cell

50.1

lines.1l.16 When evaluating the sensitivity of target cells to

RATIO

lysis, several factors play an important role in determining

Fig. 2. Representative data f or WM793 cells in terms of suscep

susceptibility to killing. For example, the ability of a cell

tibility toNK andLAK cytotoxicity,
tor target cell populations.

line to bind to NK cells is one such requirement which de·
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pends on the expression of cell surface receptors and anti

and metastatic cells has been reported" and it has been sug
gested that the metastatic cell represents t h e main NK-tar
get cells in vivo.23.24 However, this hypothesis is not in agree

gens, and the integrity of the cell membrane.17 Although NK
cell lysis is often defined as being specific for tumor and
virus infected targets, it is often difficult to demonstrate ly

ment with our results, which showed no sig nificant differ

sis of malignant cells unlessNK cells are activated.·

ence between primary and metastatic melanoma cell lines

The results given here show that A375 and WM35, as

toNK-mediated cell cytotoxicity.

well as K562 were sensitive to NK cytolysis (K562 was 3.5

Other studies also failed t o demonstrate an absolute cor
relation between MHC class I expression and NK sensitiv
ity in cell lines8212; Moreover. NK susceptibility was found

times more sensitive than the other lines). However. all other
primary and metastatic WM melanoma cell lines tested were
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resistant to NK cell killing at the 50: I ratio (less than 8%).

to be independent of HLA class I expression on a compre
hensive panel of astrocytoma, meningioma. lung, breast and
colon carcinoma cell lines21.26

In agreement with data achieved in this study. Ma et al.18

demonstrated that the susceptibility of human uveal mela

noma cell lines to NK cell mediated cytolysis was also vari

Chong et alY demonstrated that cell adhesion molecules

able.

can provide signalling to induce cytotoxic a ctivity in NK

The results of this investigation have demonstrated a

cells. Our data showed that all cell lines used in this study

variation in the efficiency of LAK killing using different

were positive for ICAM-I, and whilst the constitutive level

individual PBMC populations against the same tumor cell

of expression varied, all were insensitive to NK cytotoxic

line, or the same PBMC population against different tar

ity. This may be the reason behind one reported observation

gets. In addition, all cell lines tested, including both NK

that ICAM-I expression in uveal melanoma was correlated

resistant andNK sensitive, showed a high degree of suscep

to tumor size. Larger tumors (generally more aggressive and

tibility to lymphokine activated killer (LAK) cells gener

metastatic) expressed more ICAM-I 28 Other studies have

ated by rhIL-2. In contrast with this data, several tumor cell

shown that ICAM-I /ICAM-2 dependent interactions may

lines have been demonstrated which were resistant to LAK

have significant roles in NK recognition at least for some

susceptibility.8

target cells29

Structures recognized on the target cells that confer sen

However, the data obtained in this study showed no cor
relation between the level of ICAM-1 expression and NKI

sitivity to LAK cell killing have also been elusive.19 The

failure of fresh, unactivated NK cells to lyse most tumor

LAK susceptibility. Therefore this study supports the view

target cells may primarily reflect the lack of expression (or

of Kondo who stated that molecules other than ICAM-I or

expression in low density) of the appropriate activation re

HLA class I may be responsible for target susceptibility to

ceptors. The ability of rhlL-2 activated NK cells (i.e., LAK

lysis by NK/LAK cells.3o It is suggested that tumor cells

cells) to efficiently lyse a wider spectrum of tumor cells may

which establish metastases are intrinsically moreNKJLAK

reflect the degree of expression of appropriate receptors on

resistant,S yet our findings did not show a constant or sig

the effector cells as a consequence of their activation sta

nificant difference in the susceptibility to LAK cytotoxicity
between the primary and metastatic lines. In addition, whilst

tuS.2.20
Many tumor cells susceptible to lysis mediated byNKJ

the cytotoxic potential of effector cells is different among

LAK cells express moderate to high levels of class I anti

individuals, the ranges of insensitivity toNK and sensitivity

gens. Thus either MHC class I antigens do not function as

to LAK remained constant for all the tumor cell targets.

specific protective elements for allogeneicNK cell cytoly
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