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Interleukin-2 in autologous bone marrow transplantation
B. S. CHARAK

ABSTRACT
Interleukin-2 results in the generation of Iymphokine
activated killer cells which exhibit a potent effect against a
wide variety of tumours. Consequently, interleukin-2
therapy has been used to induce a graft versus tumour
effect following autologous bone marrow transplantation.
Preclinical studies have shown that this results in success-
ful engraftment, and an enhanced reconstitution of the
immune system.
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INTRODUCTION
The conventional modalities of treatment for cancer-
surgery, radiotherapy and chemotherapy-rarely achieve a
cure. These methods are now being supplemented with
immunotherapy. Earlier efforts to generate a tumour-
specific immunity within the host met largely with failure in
the clinical setting because of the variable nature of tumour
cells in patients. Current research is being focused on generat-
ing an immune response, which is more widely applicable, by
using biological response modifiers such as interleukin-2
(IL-2), interferon (IFN) and tumour necrosis factor (TNF).
However, the available data suggest that immunotherapy is
unable to eradicate a large tumour burden and therefore it is
being employed as an adjuvant to other treatment modalities
when the tumour load is at its minimum.

The principle of bone marrow transplantation (BMT) is
based on delivering high dose chemotherapy and/or
radiotherapy to achieve maximal eradication of the
tumour, leading to a minimal residual disease (MRD) state.
This is followed by reconstitution of the haematopoietic
system using infusions of allogeneic or autologous bone
marrow.

Allogeneic BMT has long been recognized to offer a
potential for the cure for certain haematological malig-
nancies.' However, the morbidity and mortality associated'
with it, especially due to graft versus host disease (GVHD),
and the non-availability of suitable donors for the majority of
patients led to the concept of autologous BMT (ABMT). The
disadvantage of ABMT is that it is followed by a high relapse
rate- which has been attributed to the presence of malignant
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cells in the bone marrow even during morphological
remission.' Several techniques-physical, pharmacological
and immunological-have been developed to remove the
malignant cells from the autologous bone marrow+leading to
a reduction in the tumour cell contamination within the
autograft. However, ABMT using bone marrow that has
been purged using these methods has not resulted in an
improvement in disease-free survival.

It has been hypothesized that relapses occur due to
reactivation of the residual disease which has escaped the
preparative regimen for BMT.5.6 Newer approaches are,
therefore, focused at the generation of killer cells that would
eradicate tumour cells from the autograft as well as from the
patient's body. This has been termed as the induction of a
graft versus tumour (GVT) effect." The agents used to
induce such an effect in ABMT have included IL-2, IFN,
granulocyte-macrophage-colony stimulating factor and
cyclosporin-A.

The incubation of lymphocytes with IL-2 in vitro results in
the generation of killer cells known as Iymphokine activated
killer (LAK) cells. 8.9 These cells lyse the tumour cells without
damaging normal tissues.!"

In vitro incubation of bone marrow with IL-2 results in the
generation of activated bone marrow (ABM) cells which are
superior to LAK cells in mediating tumour cell lysis.v!'
Biotherapy with IL-2 and LAK cells causes a reduction in
tumour dissemination, but has rarely led to complete regres-.
sion of the disease.l-!' This may be because of inadequate
treatment protocols, the presence of resistant tumour cells,
the immunocompromised status of the host and, more
important, the inability of immunotherapy to eradicate large
tumour burdens.

In the present review I summarize the data from preclinical
and clinical studies using IL-2, LAK and ABM cells in the
induction of a GVT effect in ABMT and discuss the influence
of IL-2 on the reconstitution of the immune system following
ABMT.

GRAFT VERSUS TUMOUR EFFECT
A graft versus tumour effect can be induced in three main
ways: using IL-2 alone, a combination of IL-2 and LAK cells,
and by IL-2 activated bone marrow cells.

Interleukin-Z alone
Based on initial reports that IL-2 activated cells led to inhibi-
tion of the bone marrow progenitor cells in vitro, 14,15there
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was reluctance to use IL-2 after BMT. However, a number
of recent studies have shown that IL-2 therapy after ABMT
does not cause engraftment failure. 16-18

The major toxicity of IL-2 is because of a vascular leak
syndrome which results in accumulation of fluid in the
extracellular spaces and cavities of the body. Interestingly,
the maximum tolerated dose of IL-2 in a BMT setting has
been reported to be at least ten times greater than the dose
tolerated in a non-transplant setting. 17Phase I studies have
shown that low dose IL-2 therapy instituted immediately
after ABMT results in tolerable clinical toxicity." This is
aggravated if total body irradiation is used as a conditioning
regimen for BMT and is relatively mild in patients prepared
with chemotherapy alone.

For the induction of an antitumour effect, IL-2 therapy has
usually been instituted a few weeks to several months after
ABMT.I9-22 The logic for such timing is that endogenously
generated killer cells circulate 4 to 6 weeks after ABMT.23
These cells have been shown to be highly responsive to IL-2
and show potent cytotoxicity against tumour cells in vitro.
However, the benefit of such therapy has not yet been
defined.

Experimental studies have shown that institution of high
dose IL-2 therapy, 3 weeks after BMT is more effective in
controlling MRD and prolonging the survival of leukaemic
animals.f However, such studies are highly dependent upon
the tumour models and need to be analysed carefully. While
high dose IL-2 therapy improves the cure rate, it results in an
increase in the mortality related to toxicity. 25 Our own
studies have shown that delay in the institution of IL-2 after
BMT results in proliferation of MRD and decreases the cure
rate.26

The beneficial effect of IL-2 therapy on the disease-free
survival of patients undergoing ABMT is not yet clear
because of the small number of patients treated and the rela-
tively short follow up. IL-2 therapy was expected to induce
a GVT effect by generation of LAK cell activity and by
secretion of secondary cytokines in vivo. However, it induces
the secretion of IFN and TNF; both cytokines which have
antitumour activity." They also synergize with IL-2 in the
generation of killer cells from bone marrow in vitro. 28

Another mechanism of induction of a GVT effect by IL-2.
therapy after ABMT may be via the cellular components.
Most patients undergoing IL-2 therapy after ABMT have, in
their circulation, cells with enhanced natural killer (NK)
activity in vitro.2(}-22It was hoped that these cells would help
eradicate MRD but NK activity has not been found to cor-
relate with the in vivo antitumour effect.t? Thus, a longer
follow up of the patients receiving IL-2 after ABMT and a
more detailed analysis of the available data will provide
information whether IL-2 therapy alone can induce the GVT
effect in ABMT.

Interleukin-2 and /ymphokine activated killer cells
Parenteral IL-2 therapy leads to proliferation of lymphocytes
and generation of LAK cells in vivo. However, for genera-
tion of endogenous LAK cells, very high doses of IL-2 are
required.P Also, the half-life of IL-2 is extremely short
requiring a constant infusion to maintain optimal serum
levels.P Such treatment protocols are extremely toxic and
often result in major morbidity and mortality. 31

A number of preclinical and clinical studies have shown
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that a combination of IL-2 and LAK cells is more effective in
controlling the dissemination of tumour than treatment with
either agent alone. 31,32Thus, infusion of IL-2 and LAK cells
in the early post-transplant period could contribute to the
elimination of the disease. It has been shown that institution
of IL-2, 4 to 6 weeks after ABMT led to generation of cells
that could be stimulated in vitro with IL-2 and showed LAK
activity against tumour cells in vitroP

Recently, clinical trials employing autologous LAK cells
and IL-2, 4 to 6 weeks after ABMT have been initiated. This
has been done by collecting the patient's lymphocytes by
apheresis after their peripheral blood counts had come to
normal. The IL-2 and LAK cell therapy has been tolerated
well. The influence of this therapy on disease outcome
remains to be seen.

LAK cells selectively kill the tumour cells and spare the
bone marrow progenitor cells in vitro.r A recently concluded
study shows that infusion of a large number of LAK cells at
the time of ABMT followed by IL-2 therapy did not impede
the process of engraftment, and led to a significant GVT
effect; there was no GVHD.35 Thus, LAK cell therapy after
ABMT appears safe and should be employed in the early
post-transplant period for generation of a GVT effect.

Interleukin-2 and activated bone marrow
As the tumour burden is minimal in the immediate post-
transplant period, it is imperative that immunotherapy be
instituted at this time. This would be particularly true if
complete eradication of resistant tumour cells is to be
achieved. However, the post-transplant period is accompanied
by a prolonged lymphopenia. Since IL-2 therapy manifests
its antitumour effect via activated lymphocytes, it is to be
expected that IL-2 therapy alone instituted during this
period is unlikely to generate a major GVT effect. 26

For the same reasons, collection of autologous lymphocytes
and generation of LAK cells in the immediate post-transplant
period is also not feasible. Delay in the institution of
immunotherapy may lead to proliferation of the residual
disease which may be difficult to control. Novel strategies
for institution of active biotherapy in the immediate post-
transplant period, therefore, need to be explored.

Studies have been carried out to activate the bone marrow
with IL-2 to generate killer cells, while retaining its stem cell
function.i-!? Thus, the autologous bone marrow might be
used as an active immunotherapeutic tool with an anti tumour
effect, and not just as a passive measure to reconstitute the
haematopoietic system; the antitumour effect could begin
right at the time of ABMT.

Incubation of the bone marrow with IL-2 in vitro leads to
the generation of killer cells.5.11.28,36.37These IL-2 activated
bone marrow (ABM) cells exhibit cytotoxicity against a wide
variety of NK-sensitive and NK-resistant tumour cells. On a
per cell basis, the ABM cells show a higher tumoricidal
potential than LAK cells both in vitro and in viVO.5•11 The
IL-2 requirement of ABM cells to maintain their antitumour
effect in vivo is one-tenth that of the LAK cells-" This fact is
of great therapeutic importance as the toxicity of IL-2 is
related to its dose. Thus, it might be possible to use a smaller
dose of IL-2 in conjunction with ABM and minimize clinical
toxicity with no loss of therapeutic benefit.

In vitro studies have shown that killer cells can be generated
from bone marrow contaminated with leukaemic cells.5,28
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Incubation of bone marrow heavily contaminated with
leukaemic cells with IL-2 for 24 hours in vitro resulted in their
near total eradication. 5 Once the killer cells are generated
within the bone marrow, they continue to damage the
tumour cells and thus may act as a surveillance mechanism
against the residual disease.

The in vitro purging ability of IL-2 can be enhanced by
using a combination of cytokines and could be useful when
there is a heavy contamination of the bone marrow with resis-
tant tumour cells. Our studies have shown that IL-l, IFN and
TNF enhance the generation of killer cells and the purging
ability of the bone marrow. 28

In vivo studies have shown that the progenitor cell activity
of bone marrow cultured for 24 hours is comparable to that
of fresh bone marrow.'? However, when it is cultured for
more than 24 hours, there is a decline in the progenitor cell
activity. When bone marrow cultured for 2 or 3 days is used
for BMT, more and more cells remain trapped in extra-
haematopoietic sites such as the liver and lungs, thus delaying
their homing to sites such as the bone marrow and spleen. 17
This has been explained on the basis of alterations in the
adhesion molecules on the surface of the bone marrow cells.
It has, therefore, been advocated that for ABMT, the bone
marrow should be activated for a period of24 hours in vitro,5
so that there is no chance of failure of engraftment.

Recent studies have shown that for optimal GVT effect,
BMT should be performed with ABM, and IL-2 therapy
should be instituted immediately afterwards.l" If IL-2
therapy is delayed, the ABM cells lose their cytotoxicity,
behave like non-activated cells and the G VT effect is lost."
Thus, for induction and maintenance of a GVT effect, ABM
and IL-2 are complementary. Systemic IL-2 therapy after
BMT with fresh bone marrow does not attain adequate
serum levels for generation of killer cells and is, therefore,
unable to generate a GVT effect. On the other hand, when
ABM has been generated with a high concentration of IL-2
in vitro, its requirement of IL-2 for maintaining the killer cell
activity is low; this requirement seems to be easily satisfied
even by low dose, parenteral IL-2 after BMT.

Animal studies have shown that leukaemic marrow purged
in vitro with IL-2 for 24 hours led to successful engraftment
in vivo and manifested a potent G VT effect. 39 Phase I studies
using ABM for ABMT in refractory haematological malig-
nancies are currently underway in some transplant centres.

AUGMENTATION OF IMMUNE RECONSTITUTION
Patients undergoing ABMT remain neutropenic and immuno-
compromised for variable periods of time. As a result they
are susceptible to a host of opportunistic infections. IL-2 has
been reported to increase circulating neutrophils after
ABMT .17,18This effect is transient and appears to be due to
secondary cytokines such as IL-3, IL-6 and granulocyte-
macrophage-colony stimulating factor. IL-2 has also been
reported to reduce septic death in mice." Whether it helps
reduce the incidence or severity of infections in the
immediate post-transplant period remains to be defined.

Cytomegalovirus (CMV) is one of the most important
causes of morbidity and mortality among patients under-
going BMT.41 Deficient IL-2 secretion following BMT
has been reported to be partly responsible for the immuno-
deficiency following BMT.42 IL-2 has been shown to improve
T lymphocyte functions in vitro.43 Against this background"

the anti-CMV effect of IL-2 and ABM has been evaluated in
a murine model of CMV infection, to determine its applica-
bility in a clinical setting. ABM cells effectively lysed murine
CMV-infected cells." Both IL-2 and ABM were able to
reduce the proliferation of CMV in the organs of infected
mice. However, a combination of ABM cells and IL-2 was
most effective in reducing the viral titres and led to a virtual
eradication of the CMV in both immunocompetent and
immunocompromised mice." Treatment with ABM and
IL-2 was also able to prevent reactivation of latent CMV
infection."

These observations are of clinical importance. The most
important risk factor for predicting CMV disease after BMT
is a positive CMV serology before transplantation, suggest-
ing that CMV disease after BMT probably develops by
reactivation of a latent infection. Results of clinical trials
employing ABM and IL-2 for ABMT will show whether this
form of biotherapy could be helpful in reducing CMV
infection after BMT.

FUTURE DIRECTIONS
The tumour response and clinical toxicity are both related to
the dose of IL-2. It is, therefore, understandable that the
response rates have more or less reached a plateau using
the current treatment protocols. Future research needs to
identify methods of reducing the toxicity of IL-2 therapy.

The exact phenotype ·of precursors and effectors of the
LAK and ABM cells has not been defined so far. Identifica-
tion of these and methods to expand them will allow their
utilization in large numbers, possibly enhancing the
antitumour effect. This may also permit depletion of cells
responsible for toxicity which do not possess any antitumour
effect.

IL-2 has an extremely short half-life and, therefore,
needs to be administered either repeatedly or by a constant
infusion. Further studies are required to develop protocols
and optimal delivery methods of IL-2 so as to obtain effective
immunological effects in vivo.
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