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Interleukin-2 and lymphokine activated killer
cell phenomenon: Biological considerations
and clinical applications
BISHAN S. CHARAK, AMITABHA MAZUMDER

BIOLOGICAL CONSIDERATIONS
First identified in 1976, interleukin-2 (IL-2) has subse-
quently been characterized as a protein with a molecular
weight of 15 kd.]·2The gene for IL-2 has been successfully
cloned and inserted into Escherichia coli resulting in the
production of recombinant IL-2, whose biological activity
is identical to IL-2 both in the in vitro as well as in the in
vivo systems." IL-2 was initially described as a T cell
growth factor responsible for the proliferation of activated
T cells.' Later it was shown that IL-2 induced cytotoxicity
and chemotaxis in many cell populations including helper
T cells.' In addition to suppressor, helper and cytotoxic
T-Iymphocytes, IL-2 acts on several other cell populations.
Incubation with IL-2 results in the activation of a non-T,
non-B lymphocyte population that can lyse fresh tumours
of many types. This has been defined as the Iymphokine
activated killer cell phenomenon.>? IL-2 receptors have
also been recognized on B cells, macropfiages, oligo-
dendroglial cells and cultured epidermal Langerhans
cells.s-12While IL-2 causes proliferation and differentiation
of a subset of B cells, its role on the other cell populations
remains to be understood.

Limitations of conventional modalities of treatment for
cancer have led immunologists to find ways of achieving
greater tumour cell kill by harnessing the body's immune
apparatus. Shaw et al. demonstrated that small alterations
in the normal surface antigens of the human cells were
capable of generating susceptibility to lysis by autologous
T cells.13Thereafter, it was shown that sensitized lymphoid
cells (against a pool of lymphoid cells from multiple
donors) were capable of lysing autologous leukaemic
cells.14

In 1981, we demonstrated that fresh, autologous
human solid tumour cells could be lysed by lymphoid cells
sensitized in vitro to a pool of allogeneic cells, and that
pool sensitization resulted in lymphoid cells cytotoxic for
autologous tumour cells cultured in vitro but not for fresh
autologous lymphocytes. IS Since then numerous attempts
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have been made to exploit the cytotoxic potential of the
autologous lymphoid cells against various tumour models.
The methods for inducing cytotoxic capability in the
lymphocytes included creation of altered environmental
conditions in the in vitro cultures and sensitization with
various tumour cells, but the tumoricidal capacity of such
lymphocytes was poor.l" ..18Moreover, there were difficul-
ties in obtaining suitable fresh, autologous human tumour
tissue. Thus, there was a need for alternative methods for
effectively sensitizing lymphocytes.

In an attempt to generate cells lytic for the human
tumour cells (without requiring autologous tumour tissue),
we showed that peripheral blood lymphocytes (PBL)
obtained from patients with various cancers could be
activated in vitro with concanavalin A and phyto-
haemagglutinin A (PHA). Such PBLs were lytic to
the autologous or allogeneic tumour cells but not to the
autologous or allogeneic PBLs.19.20PHA-activated PBLs
were different from natural killer (NK) cells and could be
generated from thoracic duct lymphocytes, a population
devoid of NK cells.20These studies opened new vistas for
developing tumoricidal activity in the PBL population of
the patient without requiring the tumour tissue, and using
it against various tumours as immunotherapy. At that
time, the mechanisms responsible for cytotoxicity by the
activated PBLs were not known and were being explained
on the basis of their resemblance to cytotoxic thymus-
derived lymphocytes (CfL, which is a population of cells
different from NK cells), allosensitization or lymophokine
activation.S•6•IS,20 The phenomenon of activation of PBL
by various lymphokines has, oflate, gained importance in
the immunotherapy of cancer. While we confirmed the
cytotoxic potential oflectin-activated PBLs against different
tumours, parallel investigations by our group defined the
lymphokine activation system.

In 1980 we found that incubation of murine or human
PBLs with IL-2 for variable periods of time resulted in the
generation of a class of cells that could lyse fresh cancer
cells but not normal cells. This group of cells has been called
lymphokine activated killer (LAK) cells.5,21-23Murine
LAK cells from the C57BU6 strain effectively lyse numer-
ous murine tumors such as P815 mastocytoma, EL-4
thymoma, B16 melanoma, MC38 adenocarcinoma and
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several other tumours.F LAK cells are potent mediators
of antibody-dependent cellular cytotoxicity in vitro
against fresh tumour cells-' and under the influence of IL-2
expand both in vitro and in vivo.

The LAK cell system has been found to be distinct from
many previously known cytotoxic systems such as CfL
and NK cells. The system is simple in that the only
requirement for generation of cytotoxic cells is the non-
adherent PBL in (lectin-free) cultures rich in IL-2. It is
radiosensitive-2000 rads of gamma radiation can prevent
the development of LAK cells." The tumoricidal activity
of LAK cells is not restricted by MHC. LAK cells can be
generated from the PBL of more than 90% of patients
with cancers and these are cytotoxic to a variety of
autologous and allogeneic tumours. The exact charac-
teristics of LAK cells have not yet been defined.

Our initial studies showed that LAK cells are distinct
from the CfL; the population of lymphocytes rich in NK
cells was found to have abundant LAK cells but the latter
were distinguishable from the typical NK cells.24 Lysis of
fresh PBL with monoclonal antibodies OKM-I, Leu-7 or
OKT-Il depleted or completely eliminated the NK activity
but activation of the remaining cells with IL-2 resulted in
increased LAK activity. In addition, LAK cells are found in
the thymus, lymph nodes and thoracic duct-areas normally
devoid of NK cells. Thus, although NK cells comprise an
important pool of precursors of LAK cells, the latter can
be generated from lymphocyte populations completely
deficient in NK cells. It is still not clear whether the LAK
cells represent an activated/differentiated form of NK cell
or an independent line of cytotoxic lymphocyte. The
precursors of murine LAK cells are 'null' lymphocytes
bearing neither T nor B cell surface markers but develop
the Thy 1.2 cell surface marker in vitro, in association with
the development of lytic activity for fresh tumour cells
after stimulation with IL-2. Nevertheless, LAK cells kill a
much wider range of tumours with a cytotoxicity that is
higher than that of NK cells and is not easily suppressed. 6.25

Several cell types have been evaluated regarding the
generation of LAK activity. LAK cells can be generated
from lymphocytes isolated from lymph nodes, blood,
thymus, thoracic duct and bone marrow. Our recent
studies suggest that LAK cells generated from murine
bone marrow have higher cytotoxicity than that of the
activated splenic cells against murine natural killer resistant
tumours both in vitro and in vivo.26In vitro activation of
human bone marrow with IL-2 has consistently shown
cytotoxic potential against the human NK-resistant
tumours superior to that shown by LAK cells." Another
important group of cells that has been activated with IL-2
(and used in clinical practice) are the tumour infiltrating
lymphocytes, isolated from autologous tumour tissue."

Preliminary results of the phenotypic analysis of IL-2
activated PBL and bone marrow cells suggest that there is
acquisition of Thy-l marker after incubation with IL-2.28
IL-2 does not enhance the ability to bind to target cells in
Leu-II + and Leu-l l " cells. IL-2 induced cytotoxic effector
cells are heterogeneous, and IL-2 might potentiate the
cytotoxicity of functionally immature NK cells or NK
precursor cells. Further studies to define the role of NK
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cells in the development of LAK cells and more precise
phenotyping of LAK cells are underway.

In view of the diversity of the cytotoxic potential of
LAK cells, current research is concentrating on the role
of the other cells and cytokines in the development of
LAK cells. While the presence of a number of adherent
cells in the cultures is important for the development of
LAK cells, monocytes and macrophages are considered
inhibitory to their development." This inhibition is the
direct effect of transforming growth factor-s (TGF-~)-a
factor secreted by macrophages. The addition of TGF-~ in
the in vitro cultures remarkably reduces the LAK activity.29

Human alveolar macrophages have been found to signi-
ficantly inhibit tumour cell lysis by LAK cells. This
inhibition is independent of soluble reactive oxygen
species, prostaglandins and tobacco smoking. 3D The
alveolar macrophages themselves are not susceptible to
LAK cell killing.These observations explain the ineffective-
ness of LAK cell therapy against lung cancer. IL-2
induced cytotoxic potential of bone marrow is also inhibited
by interleukin-3 and interleukin-a.i?

There is sufficient evidence to suggest that various
cytokines interact with each other and influence the LAK
cell cytotoxicity. In vivo studies from our laboratory
suggest that interferon-r and tumour necrosis factor (TNF)
synergize with IL-2 in its efficacy against established
NK-resistant tumours in mice.31.32 Interleukin-l and
interferon-r have both been shown to enhance the magni-
tude of cytolytic activity of the LAK cells. 33.34 Our studies
show that interleukin-l, TNF, interferon-a and interferon-r
increase the cytotoxic activity of human bone marrow
activated with IL-2 in vitro. 29

TNF-CIhas recently been reported to synergizc with IL-2
to selectively promote the generation of CfL in human
mixed lymphocyte cultures.P TNF-CIitself is not capable
of inducing LAK activity from human PBL in vitro but the
addition of TNF- CIat the beginning of their cultures in the
presence of IL-2 has been reported to augment their
cytotoxic potential up to tenfold.v It has been shown that
TNF-II synergizes with IL-2 in the generation of CD8+
effector cells from tumour infiltrating lymphocytes of
human ovarian tumours." The role of many other
cytokines on LAK cell cytotoxicity is currently under
investigation. Studies are underway to determine if these
cytokines exert their synergistic or antagonistic influence
at the level of LAK cell generation or at the effector stage.

CLINICAL APPLICA nONS
The conventional modes of cancer treatment
(chemotherapy, surgery, and radiotherapy) have long
been recognized to have limitations. Not infrequently, at
the time of diagnosis, the tumour is too large to respond
to conventional treatment. Moreover, the toxicity of
some of the treatment programmes is life-threatening.
These problems have stimulated attempts to develop
alternative treatment strategies with equal therapeutic
potential and to enhance response to standard treatments.
Immunotherapy for cancers is one such field which has
already made an impact and may influence the outcome
of some resistant and relapsed tumours. Interleukin-2 and
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IL-2-activated cells are important modalities of present
day immunotherapy.

The tumoricidal potential of lymphoid cells has been
exploited in various ways. Early attempts at adoptive
transfer of sensitized lymphoid cells were rewarded with
regression of established tumours in several murine
models.38•39 However, the major hurdle in the process of
generation of such sensitized lymphoid populations useful
in the clinical setting is the lack of immunogenicity of most
human turnours and the non-availability of suitable cell
preparations. Therefore, attempts have been made to
sensitize and activate lymphocytes in the absence of
tumour antigens. IL-2 and its recombinant form provided
a boost to the efforts of immunotherapists. It causes
lymphoid proliferation, both in vitro and in vivo, in mice
as well as in human beings.40•41 It also leads to the restora-
tion of a depressed allogeneic response and restores the
allograft response in T cell depleted rodents.f Exposure of
lymphoid cells to IL-2 results in the production of LAK
cells which have the capacity to lyse fresh autologous and
allogeneic tumours. IL-2 administration results in the gene-
ration of LAK cells both in mice and humans and causes the
regressionof hepatic and pulinonary metastases of murine
tumours.43-45 Many other cytokines seem to synergize
with IL-2 in the control of dissemination of murine
NK-resistant tumours. We found that interferon-r and
TNF enhance the efficacy of IL-2 in the treatment of
mice with established pulmonary metastases of MCA
sarcoma. 31.32 The sequence of administration of cytokines
also appears to be important. The efficacy of treatment
being higher when TNF is administered after IL-2 rather
than when it was given before or concomitantly. Knowledge
of synergism of other cytokines with IL-2 is important
as it may help in reducing its therapeutic doses and in
minimizing its toxicity. IL-2 enhances antibody-dependent
cell mediated cytotoxicity. It synergizes with Lym-l-a
monoclonal antibody against B cell lymphoma-and
causes higher tumour killing both in vitro and in vivo.46

In 1984, we showed that intravenously administered
LAK cells were effective in the treatment of established
pulmonary metastases of melanoma (a tumour that isNK-
resistant and does not respond to chemotherapy) in
syngeneic mice.t? Subsequently it has been shown that
therapy with LAK cells followed by parenteral administra-
tion of IL-2 results in greater reduction of the dissemination
of NK-resistant tumours in mice than with either therapy
alone.48•49 Combination treatment resulted in more than
90% reduction in metastases of sarcoma in mice while
splenocytes in culture without IL-2 did not cause a reduction
in tumour dissemination." It was observed that repeated
doses of IL-2 were necessary to obtain an adequate
response. This seems important because IL-2 therapy
results in generation and expansion of LAK cells in the
body and a protracted stimulus is likely to increase the
efficacy of LAK cells.v Results of in vitro studies and of
those carried out in the animal models prompted clinical
investigations with a combination of IL-2 and LAK cells.
In 1985, Rosenberg et al. published their results of treat-
ment using IL-2 and LAK cells on 25 selected patients
with cancers of various types who had failed to respond to
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standard therapy.>' They studied patients with
melanoma, renal cell carcinoma, colon cancer and non-
Hodgkin's lymphoma. One patient showed complete
regression of his tumour while 10 patients showed partial
(50%) regression. Subsequently this treatment was used on
a larger number of patients and the results were similar. 52

Interestingly the tumours that showed the best response
were those which are usually most resistant to standard
chemotherapy and radiotherapy, i.e. melanoma, renal
cell carcinoma and colorectal cancer. The study also
confirmed that a combination of LAK cells and IL-2 was
superior to high dose IL-2 alone. Tumour regression was
observed at many sites including the lungs, liver, bone,
skin, subcutaneous tissue and peripheral blood. Ofthe 16
patients who achieved complete remission, 13 remained
in complete remission after 3 to 31 months. The median
duration of partial response was 6 months. Several other
groups have reported identical results using similar treat-
ment protocols (Table 1).22.5l-58

The standard method of activation of peripheral blood
lymphocytes (PBL) is to perform leukapheresis on the
patient on 5 consecutive days to collect enough lymphocytes
and to place them in culture with IL-2 for 3 to 5 days.
These cells are subsequently concentrated by centrifugation
and infused intravenously over 20 to 30 minutes. IL-2 is
administered 5 days a week for one to two weeks. Such
courses are repeated every 4 to 6 weeks. Since IL-2 has a
very short half-life (about 1 hour), bolus doses are less
effective than constant infusion. Therefore, most new
protocols include constant infusions of IL-2 through central
venous catheters for 5 days a week.

TOXIC EFFECTS
LAK cells have very little toxicity. The toxicity of treat-
ment is predominantly caused by IL-2. It may be mild in
the form of reactions such as chills, pruritus, nausea,
vomiting, diarrhoea, hyperbilirubinaemia, renal dys-
function, anaemia and thrombocytopenia. Some patients
experience severe toxicity due to capillary leak syndrome
that takes place because of damage to the vascular
endothelium. This is due to increased adhesion of IL-2
activated lymphocytes to the normal vascular endothelium,
causing lysis of the endothelial cells'" and exudation of
fluid into the extravascular space resulting in oedema and
weight gain. Exudation of excessive fluid in the lung
parenchyma results in the respiratory distress syndrome
which may be life-threatening. The central nervous system
effects include somnolence, disorientation and coma,
and cardiovascular side-effects include hypotension,
arrhythmias, angina pectoris and myocardial infarction.
More recently patients receiving IL-2 have been reported
to develop severe hypocholesterolaemia.w Most side-
effects related to IL-2 treatment resolve fairly rapidly
after cessation of therapy.

BONE MARROW TRANSPLANTATION
Activation of bone marrow with IL-2 to generate anti-
tumour activity in vitro and in vivo, and its utilization in
autologous bone marrow transplantation (ABMT) is an
interesting area in the field of biomodulation and
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TABLE I. Results of clinical trials with IL-2 and LAK cell therapy in patients
with relapsed and resistant cancers

Authors No. Types of Tumor Response Median
of Duration of

patients Complete Partial Response (mo)

Rosenberg et al. 22 137 Renal 12 17 6
Melanoma
Colorectal
Lymphoma

Paciucci et al. 55 25 Renal 0 6 4
Hodgkin's disease
Melanoma
Soft tissue sarcoma
Breast
Colon

West5/) 102 Renal, melanoma 2 19 5
Colon,lung
Breast
Lymphoma

Philip et «» 15" Renal 0 3 4.5
Sznol et al. ~H 42 Melanoma 0 6 5.5
• Evaluable patients
NB Some patients in all these series had minimal response (defined as <50% regression of the disease)

or stabilization of the disease for a brief period of time.

immunotherapy of cancer. This concept has originated
from the knowledge that LAK cell precursors are present
in the bone marrow. We have demonstrated that IL-2
activated bone marrow (ABM), when employed in a bone
marrow transplantation (BMT) setting, is superior to
conventional LAK cells in its anti tumour activity in vitro,
retains its full potential to reconstitute the marrow elements
in lethally irradiated mice, limits the dissemination of
established tumours in vivo and prolongs the survival
of mice with established NK-resistant tumours. The anti-
tumour effect is greater when infusion of ABM is followed
by IL-2 therapy. 26.28Our in vitro experiments with human
bone marrow have also confirmed that ABM has c1onogenic
potential comparable to that of fresh bone marrow.F-" In
addition, we have shown that IL-2 activation of human
bone marrow in the presence of limited contamination
with leukaemic cells results in : the eradication of
leukaemic cells without loss of progenitor cell activity.s?
These observations suggest that ABM can be used as an
active therapeutic tool in bone marrow transplantation
and has antitumour activity while still retaining its potential
for engraftment. High anti tumour activity is probably
related to the better surveillance power conferred by
ABM and IL-2.

Autologous bone marrow transplantation with ABM
provides several other advantages. Patients undergoing
BMT remain immunocompromised for a variable period of
time because of decreased numbers and altered functions
of both T and B cells. This has been attributed to the pre-
parative regimens for BMT.61,62 As a result they are
susceptible to a host of opportunistic infections especially
those with cytomegalovirus and Pneumocystis carinii.
Some evidence has accumulated that IL-2 therapy in the
post-transplant period improves the T cell function, hastens
the reconstitution of the immune system and protects
mice against septic death.63,64 ABM with concomitant

administration of IL-2 may help reconstitute a better
immune system and provide greater resistance against
such infections. Studies from our laboratory have confirmed
that ABM cells are able to lyse cells infected with murine
CMV in vitro.65Thus ABM may play an important role in
reducing the morbidity and mortality related to immuno-
deficiency in the post-transplant period.

LEUKAEMIAS
The utilization of therapy with LAK cells and ABM for
patients with leukaemias has been ignored so far, largely
because of some reports in the literature about the suppres-
sive effects of NK cells (the predominant pool of LAK cell
precursors) on normal bone marrow progenitor cells.
However, more recent studies= suggest that LAK cells do
not compromise the function of human bone marrow stem
cells and that the ABM retains the normal c1onogenic
potential. 27 Conceivably, if early relapses of leukaemia
following BMT are due to poor immune surveillance,
ABMT with ABM should be able to decrease the incidence
of such relapses. Finally, the volume of bone marrow
required for adoptive immunotherapy, and thus to be
cultured in vitro, is less than that of PBL since the
cytotoxic potential of ABM is a lot greater than PBL. 28

We are presently conducting a phase I clinical trial
employing ABMT with ABM and IL-2 therapy for
resistant lymphomas and leukaemias. The future should
see a wider application of biomodulation and immuno-
therapy against malignancies resistant to conventional
treatment modalities. Biotherapy may ultimately find an
important place together with established forms of treat-
ment for a large number of cancers.
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