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Abstract

Cytolytic processes induced by membrane-associated proteins of human lymphokine-activated killer (LAK) cells with different
phenotypes (CD3+, CD 16—, CD8* and CDI6*, CD8 ", CD3 ) were studied using L929 and K562 types of target cells.
Independently of the phenotype of effector cells and the type of target cells, total fractions of membrane proteins induced several
different cytolytic processes occuring with different rates and involving different mechanisms of genome fragmentation. The
membrane fraction induced, irrespective of the phenotype of LAK cells, mostly apoptotic processes in the 1929 line. At the same
time, cytolytic processes induced in K562 line differed by the mechanisms of DNA fragmentation. An inhibitor of lysosome
activation, NH,Cl, and a Ca®~-binding reagent, ethylene glycol bis-(f-aminoethyl ether) N,N.N'.N'-tetraacetic acid (EGTA),
induced partial inhibition of short-term cytolytic processes (developing within 1-35 h) but did not affect the development of
long-term cytolytic processes requiring more than 6-8 h for their development. © 1997 Elsevier Science B.V.
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1. Introduction phenotypes involved both apoptotic and necrotic pro-

cesses, the dynamic characteristics of these processes

As demonstrated in earlier studies, the phenotype of
LAK cells changes during their stimulation by IL-2.
During the first 4 days of stimulation, LAK cells ex-
press membrane antigens characteristic of the NK-phe-
notype (CDI6* CD8* CD37) and then antigens
characteristic of CTL (CD3* CD8~ CDI16 ~) begin to
prevail [1-3]. The alteration of the phenotype of
lymphocytes correlated with changes in the composition
and concentration of both secreted and membrane-as-
sociated cytotoxic proteins of LAK cells [3,4]. The
death of target cells induced by LAK cells of different
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being dependent on the type of target cells and on the
phenotypes of LAK cells [5—8]. In this paper we have
studied the death of target cells under the action of
membranes of LAK cells possessing cytotoxic activity.

2. Materials and methods

2.1. Cell culturing

L929 and K562 tumor cell lines were cultured in
RPMI 1640 medium, containing 0.002 M glutamine
and 10% fetal calf serum. For preparation of LAK
cells, human peripheral blood leukocytes (PBL) were
generated for 4 and 6 days in the presence 1000 u m] !
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of recombinant 1L-2 (Biolar, USSR) as described in [3].
For enrichment, plastic non-adherent and nylon wool
passed PBL were separated by using the two-step (42%
and 47.5% percoll) density gradient. The viability of
LAK cells after 6 days of stimulation with IL-2 reached
90%.

2.2. Isolation of LAK cell membranes

LAK cell membranes were isolated according to [9].
LAK cells (5 x 10° cell ml~') suspended in phosphate
buffer solution (PBS), pH 7.0 were disrupted by nitro-
gen cavitation after equilibration in N, at 350 psi for 15
min. Nuclei, unbroken cells, debris and granules were
removed by centrifugation at 500 x g for 15 min and at
14500 x g for 20 min, respectively. Supernatant ob-
tained was centrifuged at 100 000 x g for 1 h. The pellet
containing membranes was suspended in 1 M PBS and
0.1 M NaOH and centrifuged at 100000 x g for 1 h.
The pellet obtained after the last centrifugation was
twice extracted by ether to remove lipids. The mem-
brane proteins were suspended in PBS. The protein
concentration was about 3-5 mg ml~'. The specific
activity was about 10 unit mg~', where 1 unit of
cytotoxic activity was the quantity of active subtance,
induced 50% of the 3 x 10* cells lysis for 3 h incuba-
tion.

2.3. DNA fragmentation assay

DNA fragmentation was determined as described
[10]. 2 x 107° Cells ml - of the target cells (L929 and
K562 cell lines) were incubated with 0.2-0.3 xCi *H-
thymidine for 24 h at 37°C in RPMI 1640 medium. The
cells were washed extensively before use. *H-thymidine-
labeled target cells (3 x 10* cells in 100 ml RPMI
medium) were placed in 1.5 ml microfuge tubes (Eppen-
dorf) that contained 50 xg of membrane proteins in 100
ul of RPMI 1640 medium. In control experiments, 100
ul of RPMI 1640 medium was used in place of mem-
brane protein solution. The cells were incubated at
37°C for varying times. At the end of the incubation
period cells were pelleted by centrifugation (200 x g, 10
min). The culture medium was carefuly withdrawn and
saved. The pellet of the cells was lysed by the addition
of 1 ml lysing buffer (20 mM TRIS-HCI, pH 7.0, 4.4
mM EDTA, 0.4% Triton X100) and lysate was cen-
trifuged (13000 x g, 10 min) to separate fragmented
from intact chromatin. The radioactivities in the culture
medium, in the 13000 x g supernatant, and in the
13000 x g pellet were determined in a radioactive coun-
ter. The percent fragmented DNA was calculated by
the following formula:

exp.cpm — spont.cpm

F(%) = 100

total cpm — spont' cpm

in which exp.cpm = the radioactivity in culture medium
plus the radioactivity in 13000 x g pellet; total cpm =
exp.cpm plus the radioactivity in the 13000 x g pellet;
spont' cpm = the radioactivity in culture medium plus
the radioactivity in 13000 x g supernatant in control
experiment; spont cpm = spont cpm plus the radioactiv-
ity in the 13000 x g pellet in the control experiment.

2.4. Cytotoxicity assay

Incubation samples contained 3 x 10* target cells in
100 u1 of RPMI 1640 and 50 yg of membrane proteins
in 100 x1 of RPMI 1640. In control experiments, 100 x1
of RPMI 1640 medium was used in place of membrane
proteins solution. To determine the Ca®™-dependent
cytotoxicity 10 u! EGTA solution was added to incuba-
tion samples to a final concentration of EGTA of 4
mM. To determine the lysosomal-dependent cytotoxic-
ity, the cells were previously incubated with NH,CI
solution (30 mM) for 2 h at 37°C. The cells were then
washed and used as target cells. The target cells were
incubated with membrane proteins at 37°C for varying
times. At the end of the incubation period trypan blue
inclusion was used to count dead cells. The percentage
membrane permeability was calculated by the following
formula:

P(%0)

_ (stained cells — spontaneously stained cells)

= - x 100
(total cells — spontaneously stained cells)

3. Results

Analysis of the cytotoxic effect of LAK cell mem-
branes has demonstrated that the curve of cytotoxicity
is not directly proportional to the time of incubation of
membranes with target cells and that cytolysis is char-
acterized by two peaks of cytotoxic activity. For L929
target cells interacting with the membranes of CD3™
and CD16% LAK cells and for K562 cells interacting
with the membranes of CD16% LAK cells, the first
peak of cytotoxicity was observed after 3 h incubation
and the second peak after 48 h incubation (Fig. 1AIl,
BI, BII). Upon the action of membranes of CD3~
LAK cells on K562 cells the first pronounced peak of
cytotoxicity is absent and the second peak is achieved
after 10 h incubation (Fig. 1Al).

To determine the apoptotic and necrotic pathways of
death, changes of two cytolytic parameters (permeabil-
ity of membranes for trypan blue and DNA fragmenta-
tion) were compared. The results in Fig. 1BI, BII
indicate that DNA fragmentation in L929 cells is in-
duced very quickly and reaches a maximum after 1-3 h
whereas the permeability of membranes increases more
slowly. The data obtained indicate that both mem-
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branes of CD3* LAK cells and membranes of CD16*
LAK cells mainly cause the apoptotic death of 1929
target cells. Membranes of LAK cells of different phe-
notypes cause a complex process of K562 cell death.
The death of cells under the action of CD16* LAK cell
membranes begins with damage to cell membranes.
DNA fragmentation increases more slowly and a maxi-
mum of degradation is achieved after 7 h, i.e. the
process of death is represented by necrosis during the
carly stages of cytolysis and by apoptosis during the
late stages (Fig. 1AI). Cytolysis of K562 cells induced
by membrane of CD3* LAK cells begins with apopto-
sis, and then the rate of membrane degradation in-
creases, very rapidly, indicating an activation of the
necrotic process (Fig. 1AII).

The results obtained suggest different effects of the
lysosome inhibitor NH,Cl and the Ca’7-binding
reagent EGTA on the processes occuring with different
rates. The fast processes were inhibited by the action of
these reagents and the slow processes were not affected
either by NH,CI or by EGTA (Fig. 1).

4. Disscussion

It has been found previously that the cytolytic activ-
ity of membrane preparations of LAK cells with differ-
ent phenotypes is determined by different proportions
of membrane-associated cytolytic proteins [4]. It is
demonstrated in this work that membranes of LAK
cells of different phenotypes induce cytolysis of target
cells involving different mechanisms. Moreover, total
fractions of cytolytic proteins induced several discrete
cytolytic processes differing in the dynamics of develop-

Cytotoxicity% DNA fragmentation %

Al

Fig. 1. Membrane permeability (@) and DNA fragmentation (O) of
K562 (A) and L929 (B) target cells induced by membrane-associated
proteins of CD3* LAK cells (I) and membrane associated proteins
of CD16% LAK cells (II). Membrane permeability in the preseuce 30
mM NH,CI () and mM EGTA (M). The time of incubation in
hours is displayed on the X-axis.

ment, mechanisms of genome fragmentation and signal
realization. The influence of the lysosomal inhibitor-
NH,CI and Ca?*-binding reagent-EGTA on the pro-
cesses characterized with different rates confirmed their
fundamental difference: the short-term cytolytic pro-
cesses were partially inhibited by both reagents in con-
trast to the long-term processes. The ability to induce a
broad spectrum of cytolytic processes associated with
different mechanisms of DNA fragmentation and dif-
fering in the sensitivity to the lysosomotropic reagent
NH,Cl has been demonstrated for tubucurarine, an
antagonist of acetylcholine receptors [11].

The processes of induced death of cells are known to
differ significantly and are limited to the earlier ac-
cepted system of division into necrosis (colloid-osmotic
lysis not accompanied by regular DNA fragmentation
and being non-specific in character) and apoptosis in-
cluding activation of a number of enzymatic systems,
associated with DNA degradation into fragments corre-
sponding to nucleosomes [12]. In particular, specific
cytolytic processes unrelated to nucleosomal DNA frag-
mentation and differing both by DNA fragmentation
into large fragments [13] and by the level of activation
of the lysosomal enzymatic system are demonstrated
[14]. Realization of such cytolytic processes determines,
in particular, the cytolytic activity of membrane-associ-
ated proteins of LAK cells.
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