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Different pathways of the release of cytotoxic proteins in LAK cells’
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Abstract

Human LAK cells were shown to release cytotoxic proteins by both Ca®*-dependent and Ca®™* -independent mechanisms.
CD3*CD8+CDI16~ and CD16*CD8*CD3~ LAK cells were co-incubated with target cells in the presence of 4 mM EGTA.
Although EGTA inhibited the exocytosis of cytolytic granules, supernatants obtained were cytotoxic for target cells. Cytotoxicity
of CD3* LAK cells and CD16* LAK cells was due to cytotoxic proteins with MW 75 (p75), 35 (p35) and 22 (p22) kDa. LAK
cells were also shown to release cytotoxic proteins by way of continuous secretion. After co-incubation in the absence of target
cells LAK cells can secrete cytotoxic proteins with MW 75 (p75), 55 (p55), 38 (p38), 35 (p35), 25 (p25), 22 (p22) and 17 (p17) kDa.

Keywords: Lymphokine-activated killer cells: secretion; Calcium ions; Cytotoxic proteins

1. Introduction

The cytolytic activity of effector lymphocytes is
known to be expressed both in the presence and in the
absence of exogenous calcium [1-4]. Ca®*-dependent
cytotoxicity is associated mainly with secretion of solu-
ble cytotoxic proteins and Ca?* -independent cytotoxic-
ity with the activity of membrane-associated proteins
[5,6]. However, the possibility of protein secretion in
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the absence of Ca®* ions was not ruled out also, but no
experimental evidence has been obtained supporting
this possibility [7].

We have studied the cytolytic action of LAK cells
and demonstrated that their activity is determined by
secreted and membrane-associated cytotoxic proteins.
During 8-day incubation of lymphocytes with IL-2, the
phenotype and cytotoxocity of LAK cells changed.
During 4 days of incubation, antigens characteristic of
the phenotype of NK cells (CD16*CD8* CD3 ~) were
expressed on the membrane of LAK cells, then antigens
characteristic of CTL (CD3*CD8*CD16 ™) prevailed.
The change of the phenotype correlated with the
change in the composition of secreted and membrane-
associated cytotoxic proteins [8,9].

The aim of the present work is to study the possibil-
ity of secretion of cytotoxic proteins by LAK cells in
the absence of Ca’* ions and the characteristics of
proteins secreted by the Ca®* -independent mechanism
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2. Materials and methods

2.1. Target cells

L1929 and K562 tumor cell lines were cultured in
RPMI 1640 medium (Gibco), containing 0.002 M L-
glutamine, 10 mg/ml gentamicin, 10% fetal calf serum
(FCS).

2.2. Preparation and culture of LAK cells

Human peripheral blood from healthy volunteers
was obtained from Russian Oncological Center
(Moscow). Mononuclear cells were isolated by Ficoll-
Hypaque gradient centrifugation and generated for 1-8
days in the presence 1000 U ml ~! of recombinant IL-2

(8].
2.3. Cytotoxicity determination

In cytotoxicity assays trypan blue inclusion was used
to count dead cells as described [10].

2.4. Supernatant preparation

LAK cells were co-incubated with K562 target cells
both in the presence of 4 mM EGTA and the absence
of EGTA or without target cell in the absence of
EGTA for 18 h in serum-free RPMI-1640. Then cells
were centrifuged and the supernatant was collected.

2.5. Chromatographic separation of cytotoxic proteins

A total of 100 ml of each supernatant were subjected
to ion-exchange chromatography on DEAE Toyopearl
(Toyo Soda) column. The fractions were desalted and
lyophilyzed for use in cytotoxicity assay.

2.6. SDS-PAGE, electroblotting, elution of proteins
Sfrom the Immobilon membrane

Samples were subjected to electrophoresis in 12%
slab gel at reducing conditions using the method of
Laemmli [11]. Transfer to PVDF membrane (Immo-
bilon P, Millipore) was performed in 20 mM NaHCO,
for 1.5 h at 1 mA em™? in semidry electroblotter.
Elution of proteins was performed in a mixture con-
taining 50 mM NaHCO,, 50% acetonitrile, 1 mg ml !
bovine serum albumin for 3 h [12].

2.7. Determination of BLT esterase activity

BLT (N-a-CBZ-thiobenzyl ether) hydrolysis in LAK
cells supernatant was determined as described in [13].

3. Results

To find out whether secretion of cytotoxic proteins
depends on Ca?™* ions, we estimated the cytotoxic and
BLT-esterase activities of the LAK cell supernatant in
the presence of a Ca®~*-binding reagent, EGTA. Upon
binding of Ca®>™* ions the BLT-esterase activity of the
supernatant significantly decreased, suggesting the inhi-
bition of exocytosis of granular proteins. At the same
time, the cytotoxic activity of the supernatant of LAK
cells treated with EGTA slightly decreased as compared
to the control experiment (Fig. 1). These data show that
the activity of LAK cells is realized through the action
of cytotoxic proteins secreted by both Ca®*-dependent
and Ca’ " -independent mechanisms.

In our earlier studies we analyzed proteins secreted in
the presence of exogenous calcium using ion-exchange
chromatography on DEAE-Toyopear] followed by
SDS-clectrophoresis, electric transfer and elution of
cytotoxic proteins from the membrane. LAK cells dif-
ferent phenotypes secreted different proteins. The cyto-
toxic activity of CD3* cells was ecluated from the
column at a low ionic strength (NaCl concentration: 0)
and represented by proteins with a molecular weight of
40 kDa and 30 kDa. The cytotoxic action of CD16*
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Fig. 1. Cytotoxic and BLT-esterase activity of supernatants of LAK
cells stimulated in the absence (A) and in the presence of 4 mM
EGTA (B).
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Fig. 2. Chromatography of cytotoxic supernatants of LAK cells incubated with target cells in the presence of 4 mM EGTA (A) and without target
cells in the absence of EGTA (B) on DEAE-Toyopearl column. The column (1 x 4 sm) was equilibrated in 0.01 mM Tris-HCI, pH 8.0. The
proteins were eluted by NaCl gradient (0.0-0.4 M). A (280 nm) (-), NaCl concentration (- -), cytotoxic activity by separation of supernatants of
CD16% LAK cells (- -), cytotoxic activity by separation of supernatants of CD3+ LAK cells (-« -- --).

cells was related to the activity of proteins with a
molecular weight of 75 kDa, 38 kDa and 22 kDa which
were eluated from the column at a higher ionic strength
(NaCl concentration: 100 mM) [8].

Analysis of the supernatant from LAK cells treated
with EGTA revealed that under these conditions differ-
ent phenotypes of LAK cells secreted the same proteins.
Cytotoxicity of cells with the CD** and CD16* phe-
notypes was determined by the action of proteins eluat-
ing in the same fraction at a NaCl concentration of 100
mM (Fig. 2A). The activity of this fraction was associ-
ated with 75 kDa, 35 kDa and 22 kDa proteins (Fig.
3A).

The discovered secretion of cytotoxic proteins by
LAK cells with practically completely blocked exocyto-
sis of cytolytic granules probably proceeds in the form
of continuous secretion with the involvement of the
Golgi complex.

To check this supposition, we incubated lymphocytes
in a serum-free medium for 18 h in the absence of
target cells and studied cytotoxicity and the protein

composition of the obtained supernatant.

Proteins secreted by LAK cells without stimulation
by target cells possessed a low cytotoxic activity: cyto-
toxicity of proteins secreted by CD3* cells made up 7%
after 48 h incubation with target cells, and cytotoxicity
of proteins secreted by CD16" cells made up 13%.
However, after chromatographic separation of such
supernatants on a DEAE-Toyopearl column proteins
with high cytotoxicity were cluated (Fig. 2B).

Cytotoxicity of proteins secreted by cells with the
CD3 " phenotype is represented by proteins eluating at
the same ionic strength as proteins secrcted in the
presence of target cells (100 mM NaCl) as well as by an
additional fraction eluating at 300 mM NaCl concen-
tration. The proteins secreted by the CD16* LAK cells
had the low cytotoxicity in the fraction F,, that is why
we analyzed the proteins eluted in the fraction F; using
electrophoretic separation. Electrophoresis of these
fractions showed that they included cytotoxic proteins
with molecular weights of 55 kDa, 38 kDa, 25 kDa and
22 kDa. Cells with the CD16% phenotype secreted
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cytotoxic proteins eluating only at 300 mM NaCl con-
centration and having molecular weights of 75 kDa, 55
kDa, 35 kDa, 25 kDa, 22 kDa, 17 kDa. (Fig. 3B).

4. Discussion

It was found previously that cell lysis induced by
cytolytic lymphocytes can be effected by both Ca® " -de-
pendent and Ca?* -independent mechanisms [1—4]. The
presence of cytolytic granules in effector lymphocytes
gave rise to the postulation that Ca®* -dependent activ-
ity of lymphocytes is related to rapid exocytosis of
granules and that CTL are characterized by interrupted
secretion [14-18]. A signal for such secretion is the
interaction with target cells. The cytolytic effects of
lymphocytes in the absence of Ca’* are explained
mainly by the action of membrane-associated proteins
[5,6]. Fas ligand involvement in Ca?*-independent cy-
totoxicity was also proposed [27].
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Fig. 3. Cytotoxic activity and molecular weights of the proteins
obtained by electrophoretic separation of active fraction of EGTA-
treated LAK cells (A) and active fraction of LAK cells, incubated
without target cells (B). Cytotoxic activity of CD16+ LAK cells

proteins (- -); cytotoxic activity of CD3* LAK cells proteins

We have demonstrated that LAK cells are able to
secrete cytotoxic proteins both in the presence and in
the absence of Ca®*. The activity of a supernatant
obtained during incubation of cells with EGTA differs
little from the activity of a supernatant obtained with-
out EGTA although exocytosis of cytolytic granules is
practically completely blocked in this case. This slight
decrease in the activity may be due to the inhibition of
secretion of granular proteins and to a decrease in the
concentration of proteins which have no direct cyto-
toxic activity but participate in the modulation of
lymphocyte cytotoxicity. Such proteins include, first of
all, perforin and BLT-esterases [19-21].

The mechanism of Ca®* -independent release of cyto-
toxic proteins cannot be explained unambiguously. One
of the possible ways of secretion of such proteins into
the contact zone may be specific proteolysis of mem-
brane-associated cytotoxic precursors. A regulatory sig-
nal for increase of the activity of proteases may be the
interaction of effector cells with target cells [22,23]. As
exocytosis of cytolytic granules is inhibited in the ab-
sence of exogenous Ca® ™, the possibility of releasing of
cytotoxic proteins under these conditions by way of
continuous secretion through the Golgi apparatus can-
not be ruled out. Continuous secretion of antibodies by
plasmatic cells is known to occur in the presence of
EGTA [24].

We have demonstrated that during incubation of
effector cells in a cell-free medium in the absence of
target cells, LAK cells can also secrete the cytotoxic
proteins. It is possible that continuous secretion take
part in this process.

Analyzing the obtained results, one can see that the
molecular weight of cytotoxic proteins changes depend-
ing on the conditions of secretion. Upon stimulation of
secretion by target cells in the presence of Ca>*, CD3 "
LAK cells secrete proteins with molecular weights of 40
kDa and 30 kDa and CD16~ LAK cells secrete, 75
kDa, 38 kDa and 22 kDa proteins [§]. During interac-
tion of lymphocytes with target cells in the absence of
Ca’* LAK cells with different phenotypes secrete
proteins with a molecular weight of 75 kDa, 35 kDa
and 22 kDa. In the case of continuous secretion CD3
LAK cells produce proteins with molecular weights of
55 kDa, 38 kDa, 25 kDa, 22 kDa and CD16" LAK
cells produce 75 kDa, 55 kDa, 40 kDa, 35 kDa, 25
kDa, 22 kDa and 17 kDa proteins.

The change of the molecular weight of secreted
proteins may be associated with changes in the concen-
tration and composition of cytotoxic proteins. The
protein composition may change due to change in
post-translation modification in the Golgi apparatus-
carbohydrate modification or specific proteolysis
[25,26].

Thus, LAK cells are able to realize both exocytosis of
cytolytic granules and secretion without stimulation.
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Target cells and Ca®* ions are involved in modulation
of the concentration and composition of secreted
proteins.
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