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Lymphokine activated killer (LAK) cells generated in the
presence of cisplatin/FK-565 along with interleukin-2
(IL-2) showed enhanced binding to tumor cells as
compared with LAK cells generated in the presence of
IL-2 alone. The LAK cells showed a reorientation of
celiular organelles in the presence of tumor cells.
LAK-tumor conjugate pairs showed vesicle-like struc-
tures in the extracellular pockets. The number of vesicles
in the extracellular pockets was found to be increased in
the case of LAK cells generated in the presence of
cisplatin/FK-565 along with IL-2. The closer interaction
between the LAK cell-target cell and the large number
of vesicles in the extracellular space of conjugate pairs
may explain the increased lysis of target cells by LAK
cells generated in the presence of cisplatin/FK-565 along
with IL-2 as compared with IL-2 alone.
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Introduction

Recent advances in adoptive immunotherapy have
used cytotoxic lymphocytes with broad antitumor
reactivity. Studies have shown that co-culture of
normal lymphocytes with interleukin-2 (IL-2)
induces the generation of broadly cytotoxic
antitumor cells commonly termed LAK cells' *, and
these cells have proven useful in the control of
metastatic tumors in animal models and humans.* ¢
LAK cells are a heterogeneous population with a
subset of lvmphocyte effector cells responsible for
tumor cytotoxicity. The mechanism by which LAK
cells lyse their targets is not known. It is assumed
that LAK cells kill tumor cells by direct cell—cell
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contact, using mechanisms similar to those
proposed for cytotoxic T lymphocytes (CTL) and
natural killer (NK) cells.® '

In order to exert their cytotoxic activity, CTL
and NK cells bind to the target, undergo an
activation process leading to the release of lytic
factors and, finally, establish suitable spatial
conditions in order for these factors to reach the
target and to exert their function."'

Cisplatin, a potent antitumor compound, has
been used successfully in the treatment of tumors
in mice'? and human cancers.'>'® Further, it has
been shown to activate monocytes/macrophages
and NK cells to a tumoricidal state.!”?! FK-565, a
heptanoyl tripeptide, is an immunoadjuvant. It
activates human monocytes to a tumoricidal
state,?*?* and also enhances the production of IL-1
and superoxide anions?*** by murine macrophages.

We have previously reported that both cisplatin
and FK-565 can up-regulate LAK activity.” In the
present study, transmission electron microscopy
(TEM) analysis of the interaction of LAK cells
generated in the presence of 1L-2 alone or along
with cisplatin/FK-565 with tumor cells was carried
out.

Materials and methods
Media and reagents

Fetal calf serum (FCS) was purchased from Sera Lab
(UK). It was heat inactivated in a water bath at 56°C
for 30 min. Synthetic heptanoyl tripeptide (FK-565;
hepttanoyl - Y - D - Glu - (L) - meso - 2,e - A,pm-
(L)-D-AlaOH) and recombinant human IL-2 (Take-
da Pharmaceutical, Japan) of specific activity
3.5 x 10* U/mg, as assaved on murine NKC3 cells,
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was a kind gift from Dr Saburo Sone (University
of Tokushima, Japan). Ficol-Hypaque was pur-
chased from Nyegaard, Norway. Medium RPMI
1640 and Hank’s balanced salt solution (HBSS)
were purchased from Sigma Chemical Co. (St
Louis, MO).

Target cell

Raji cell (human Burkitt lymphoma) line was
maintained as a suspension culture in RPMI 1640
with 10% heat inactivated FCS, penicillin (100
U/ml), streptomycin (100 ug/ml) and gentamycin
(20 pg/ml), referred to as complete medium, at 37°C
in a humidified atmosphere of 5% CQO, in air. The
cell line was obtained from the National Tissue
Culture Facility, Pune, India, and subcultured
every 34 days.

Generation of LAK cells

Heparinized blood was obtained from normal
healthy donors, diluted with an equal volume of
HBSS and layered over lymphoprep as described
by Boyum.?® It was then centrifuged at 18°C for 30
min at 400 X g. Peripheral blood mononuclear cells
(PBMCs) collected from interface were washed
twice with HBSS. PBMCs (2 x 10° cells/ml) were
cultured in complete medium alone or medium
containing IL-2 (2.5 U/ml) alone or along with
cisplatin (5 pg/ml)y or FK-565 (5 ug/ml) and
incubated for 4 days at 37°C in a CO, incubator.

LAK-tumor cell conjugate assay

The technique described by Bonavida e a/.?’ was
employed with minor modifications. In brief, LAK
cells and Raji target cells, both at a concentration
of 4 x 10°/ml, in complete medium were equi-
liberated separately for 30 min at 30°C. Then, 100 ul
of effector (E) cells and 200 pl of target (T) cells
were incubated together (E: T ratio of 1:2) for 10
min at 30°C and centrifuged for 5 min at 200 x g.
Part of the supernatant was removed with a pasteur
pipette. The tubes were placed in a water bath at
39°C and 25 ul of melted agarose (Sigma type VII;
2% in RPMI 1640 without serum at 39°C) was
added. The pellet was gently resuspended and 25 ul
was added to a slide, covered with an object glass
and sealed with paraffin. Conjugate-forming cells
(CFCs) on this slide were counted immediately after
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preparation. The percentage of CFCs was defined
as the proportion of LAK cells binding to Raji
target cells and was scored by counting at least 400
mononuclear cells. The absolute number was
obtained by multiplying the percentage of CFCs
with the number of LAK cells.

LAK-Raji cells co-cultures for TEM

LAK cells and Raji cells were pelleted at 250 x g
at room temperature for 5 min at an E:T ratio of
20:1. The pelleted cells were prefixed with 2%
glutaraldehyde (0.1 M cacodylate buffer) and
postfixed with an aqueous solution of 1% OsO,.
The specimens were then dehydrated in an alcohol
series and embedded in epon. Ultrathin sections

were stained with uranyl acetate and lead citrate and
examined by TEM.

Results

PBMCs treated with IL-2 (2.5 U/ml) for 4 days
showed an enhanced binding to the tumor target as
compared with untreated PBMCs or PBMCs treated
with cisplatin (5 ug/ml) or FK-565 (5 ug/ml) alone.
The binding capacity of effector cells to target cells
was significantly enhanced when LAK cells were
generated in the presence of cisplatin (5 ug/ml)/
FK-565 (5 ug/ml) along with IL-2 (2.5 U/ml)
(Figure 1).

interaction between the PBMC and the tumor cell can be
seen.



Under TEM, the LAK-Raji cells conjugates were
found to be very similar to CTL~- or NK—target cell
conjugates.”® > Contact between the LAK and
target cells was established by penetrating pseudo-
podia. In general the pseudopodia were free from
organelles other than a few ribosomes. The effector
cell nucleus was seen at a position distal to the point
of contact and organelles oriented towards the
target cell. Ultrastructurally the target cell showed
extended microvilli which were swollen and partly
dissolved. The extensions were given out only from
the surfaces in close apposition to LAK cell. Few
vesicles could be seen on the surfaces of or in the
spaces between the LAK-target cell conjugates.
The injured target cell showed swelling of
mitochondria and extensive vacuolization (Figure
2). PBMCs and Raji cells did not show any such
modification and retained their normal morphology
when co-cultured (Figure 1).

Figure 2. LAK cell {L] interacting with a tumor cell [T].
Close interaction between the LAK and tumor cell by
microvilli extension is visible. The LAK cell shows
reorientation of cellular organelles. The injured target
cell is characterized by swelling of organelles and
vacoulization.

LA K-tumor cell interaction

Figure 3. Tight binding between LAK-CP cell [L] and Raji
cell [T] by close plasma membrane apposition (arrow) is
visible. The arrow head points to the vesicles filling the
extracellular pockets.

Figure 4. Close interaction between LAK—CP cell [L] and
tumor cell [T] by cytoplasmic bridges (arrow).
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Figure 5. Interaction between LAK-CP cell [L] and tumor cell [T]. The injured target cell shows
degenerated mitochondria [m]. The intercellular space is filled with cytoplasmic extension from
LAK cell, making contact with the tumor cell surface (arrow).

In the case of LAK cells generated in the presence
of IL-2 together with cisplatin (LAK-CP), the
LAK-tumor cell conjugates showed closer apposi-
tion of plasma membranes (Figure 3). LAK cells
could be seen binding very tightly to tumor cells
with numerous plasma membrane interdigitations
(Figure 4). Between the effector and target cells,
small extracellular pockets were formed that

Figure 6. LAK-CP cell [L] and tumor cell [T] interaction.
The injured target cell is characterized by extensive
damage to the mitochondria.
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contained membrane fragments and a large number
of vesicles (Figure 5). The injured target cells
showed swelling and extensive damage to mito-
chrondria (Figure 6). Figure 7 shows an extensively
damaged target cell. In addition to vacuolization,
some myelin sheath-like structure could also be seen
in the target cell.

LAK cells generated in the presence of FK-565
together with 1L-2 (LAK-FK-565) showed a
similar interaction with target cells. The effector
LAK cells formed very tight plasma membrane
bonds with target cells (Figures 8 and 9). There was
a reorientation of cytoplasmic organelles in the
LAK cells interacting with tumor cells—the
nucleus at the trailing end and the other cellular
organelles oriented towards the tumor cell (Figure
8). Numerous interdigitations were formed between
the plasma membrane of effector and target cells,
and small extracellular pockets filled with numerous
vesicle-like structures (Figure 10). Figure 11 shows
numerous cytoplasmic extensions between the
effector—target cells with their plasmalemmae
showing close and tight contacts.

Discussion
The LAK effector cells are pleiomorphic, under-

going a characteristic rearrangement upon binding
with target cell. The basic effective mechanism of



LA K—tumor cell interaction

i s
Figure 7. LAK-CP cell [L] seen interacting with tumor cell [T]. The target cell shows a myelin
sheath-like structure [my] and highly degenerative morphology.

killing of tumor cells by LAK cells generated in the  cells gave out extensive microvilli interdigitating
presence of IL-2 alone was similar to those  with microvilli of LAK cells (Figure 2). Further,
generated in the presence of 1L-2 plus CP/FK-565,  swelling of mitochondria and formation of large
except in finer details. vacuoles were most noticeable in target cells (Figure
In the case of killing of tumor cells by LAK cells  2). These observations suggested that target cell
generated in the presence of 1L-2 alone, the target  killing was not only due to cell surface interactions
but involves the whole cell simultaneously. Recent

- w4

Figure 8. LAK—FK-565 cell [L] interaction with tumor cell
[T]. Note the plasma membrane bonds formed between Figure 9. Higher magnification of enclosed area shown in
the cells. The LAK cell shows reorientation of organelle. Figure 8. Note the close plasma membrane apposition.
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Figure 10. Numerous interdigitations formed between the
LAK-FK-565 cell [L] and the tumor cell [T]. The small
pockets are filled with numerous vesicle-like structures.

Figure 11. LAK-FK-565 cell [L] and tumor cell interaction
[T]. Note the numerous cytoptasmic extensions between
the effector and target cell, with their plasmalemmae
showing close and tight contact.
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evidence suggests that the target cell may
participate actively in the mechanism leading to its
own lysis.”* Further, there is evidence for the
involvement of the cytoskeletal elements and
surface structures of the target cell” It is
conceivable, therefore, that the signal from LAK
cells is transmitted across the target cell and that
the switch to sudden death is manipulated deep
inside the cell, as suggested in the case of CTLs.™

In the case of LAK cells generated in the presence
of IL-2 plus CP/FK-565, the LAK cell-target cell
conjugates showed close proximity of their
plasmalemmae. There was a very close apposition
of plasma membranes and the extracellular spaces
were filled with numerous vesicles (Figures 3-5 and
10-11). A common CTL and NK cell cytotoxicity
mechanism has been proposed based on the local
exocytosis of lethal substances by the effector cell
into the target cell” Cytolysin and perforins
derived from cytolytic granules have been impli-
cated in cell mediated cytotoxicity by CTL and NK
cells. These molecules form potes on the target cell.
As proposed by Hook ef a/.%, the large number of
vesicles seen in the extracellular pockets between
LAK cells and target cells probably contain
granules having a pore forming protein similar to
that of CTL effector cell.”

The present study suggests that target cell killing
could be due to massive plasma membrane
blebbing, condensing heterochromatin and swelling
of mitochondria, which are the general features of
apoptotic cell death. Apoptotic cell death, also
known as programmed cell death, has been
suggested in the killing of tumor cells by NK cells
and CTLs.”®”® The mechanism of killing Raji cells
by effector LAK cells is not clear, though it may
possibly involve lymphotoxins and various other
agents that may enter the target cell through the
pores in plasma membranes and trigger the
apoptotic death in target cells. Moreover, it has
recently been suggested that changes in the target
cell lysosomes are induced by cytotoxic T cells.
Lysosomes would act as ‘suicide capsules’ causing
target cell lysis from the inside.”

The exact mechanism of killing of tumor cells by
LAK cells is not yet known. However, it is essential
that LAK effector cells must physically bind to
tumor cells in order to kill. Indeed, in the present
study it was observed that treatment of PBMCs
with 1L-2 along with cisplatin/FK-565 enhances
their binding to tumor cells as compared with LAK
cells generated in the presence of 1L-2 alone. This
may be a possible mechanism involved in the
up-regulation of LAK activity by cisplatin FK-565.



Conclusions

In conclusion our results show that generation of
LAK cells in the presence of cisplatin/FK-565
together with IL-2 enhances their binding capacity
to tumor cell as compared with LAK cells generated
in the presence of IL-2 alone. Further, LAK and
tumor cells interact by giving out interdigitating
microvilli-like processes which are devoid of
cellular organelles but contain a few ribosomes. The
ILAK cells also show a reorientation of cellular
organelles in the presence of tumor cells. There are
a few vesicle-like structures in the extracellular
pockets formed between the conjugate pairs. These
may contain the pore forming elements, as in CTL
and NK cells. LAK cells generated in the presence
of cisplatin/FK-565 plus 1L-2 showed a closer
interaction with target cells and a large number of
vesicles in the extracellular space of the conjugate
pair, which may explain the increased lysis of target
cells by LAK cells generated in the presence of
cisplatin/FK-565 plus 1L-2 as compared with 1L.-2

alone.
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