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Introduction

A dominant theme in modern immunological
research is the elucidation of how the different
branches of the immune system communicate.
Identification of receptors for antigens, co-receptors
such as CD4 and CD8, major histocompatibility
complex (MHC) molecules and cytokine receptors,
has gone a long way to giving a clearer view of
the complexities of this interaction. More recently,
this new information has opened up avenues for
therapeutic intervention by directing novel treat-
ments towards these various receptors. This new
strategy of immune-receptor-directed therapy has
been applied to an array of human disorders both in
the laboratory and clinical settings.

Perhaps one of the most important, and certainly
most studied, cytokines is interleukin-2 (IL-2). This
molecule was first identified in 1976 by Morgan as
a substance present in the supernatant of activated
peripheral blood lymphocytes that was capable of
driving the growth and proliferation of lymphocytes
in vivo.1 Recent molecular biological advances
have allowed development of recombinant IL-2
and inhibitors of its cellular receptor. This review
focuses on the basic biology of IL-2 and its receptor,
and examines the clinical applications of IL-2
receptor-targeted therapies. Recombinant IL-2 has
also been extensively used in treatment of various
malignancies, but for reasons of space, I will not
further examine this issue.

Methods

I searched through the databases Medline, Embase
and Pre-Medline using the key words interleukin-2

and interleukin-2 receptor. I used recent reviews
from these searches along with original articles on
the subject.

Molecular biology of IL-2 and its
receptor

IL-2 is a single polypeptide of molecular weight
15.5 kDa, 133 amino acid residues long. There
is only a single IL-2 gene locus in humans, on
chromosome 4. IL-2 is a globular protein containing
two sets of a-helical domains, lying at right angles
to each other.2 These a-helical regions are involved
in the binding to the receptor, and indeed this
helical motif is found in many other cytokines,
involved in binding to their respective receptors.

Il-2 is only produced by activated T-cells,
especially the CD4q T-helper cell population,
although CD8q T-cytotoxic cells can be stimulated
in vitro to produce Il-2.3 It is a potent immuno-
modulator, and has an important role in both the
activation and maintenance of an immune response
and in lymphocyte development. Interleukin-2
serves to activate numerous key cells in the
immune system, including helper T cells, cytotoxic
T cells, B lymphocytes, natural killer cells, tumour
infiltrating lymphocytes and macrophage-monocyte
cells. Perhaps of greatest interest is their interaction
with the T-cells.

The first evidence that IL-2 worked through a
cell-bound receptor came from the observations
that there was a gradual removal of IL-2 from
incubating media by activated T-cells.4 This IL-2
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depletion correlated inversely with the number of
cells present in the culture, and once IL-2 was
purified, radio-labelled IL-2 was shown to bind
with high affinity to stimulated T-cells.5 In 1981,
Waldmann and colleagues developed a murine
monoclonal antibody against the receptor and
called the antibody anti-Tac, as it bound against
active T-cells only.6 This is now known to recognize
the a subunit of the receptor, a 55 kDa glycosylated
type 1 membrane protein also known as CD25.7

Two other components of the receptor have been
identified: the b and c chains.8,9 IL-2 in fact binds to
a receptor complex made up of three chains. The
individual chains have low affinities for IL-2, but
when combined they act as a high-affinity complex.
The a subunit on its own represents the low affinity
state, the bc complex has an intermediate affinity,
and the high affinity complex contains the abc
chains and is the active receptor.10 Cells expressing
only bc chains can be stimulated, but only at very
high concentrations of IL-2. and the biological
significance of this is unclear. The ligand is thought
to bind to the a and b subunits first, followed by
heterodimerization of the abc chains to activate the
intracellular downstream signalling mechanisms.

The a subunit gene has been identified and
is located on chromosome 10 in the human.11 The
protein product of this gene is a 251 amino acid
chain, with a long extracellular domain responsible
for binding IL-2, a 19 amino acid hydrophobic
region postulated to be the transmembrane domain,
and a C-terminal intracellular domain of only 13
amino acids.12 This intracellular domain is too short
to act as an important site for signal transduction,
and lacks any known consensus sequence for intra-
cellular signalling. However, there is conserved
sequence homology between humans and murine a
subunits, indicating a possible important role.13

Cellular expression of the a subunit is tightly
regulated. The gene has three important regions
located either upstream or downstream of the
transcribed region, which act as enhancers of
transcription. One of these sites is called PRRI
(positive regulatory region I): it binds NF-kB and
so in activated T-cells, the NF-kB produced acts to
stimulate a-subunit production.14 Another site, PRRIII,
can bind a transcription factor called Stat 5, which
is itself upregulated during IL-2 stimulation, providing
a positive feedback mechanism.10 This tight genetic
control explains why only certain cells express the a
subunit and even then only once activated.

The b chain is a 70–75 kDa protein located
on chromosome 22.15 This type 1 membrane
protein has an intracellular domain of 286 amino
acid residues that contains two key signalling
elements: Box 1 and Box 2. It is constitutively

expressed on resting lymphocytes, monocytes/
macrophages and neutrophils, and is upregulated
upon T-cell activation.

The most recent chain to be identified is the c
chain.9 This is again a type 1 membrane protein
and is 347 amino acids in size giving a molecular
weight of 64 kDa. The genetic locus is on the X
chromosome.16 It has a long intracellular domain
that is vital for IL-2 signalling, and is constitu-
tively expressed on lymphocytes, monocytes and
neutrophils.

Both the b and c chains are related to the
cytokine receptor superfamily type 1, unlike the a
subunit. These receptors are characterized by the
possession of similar structural motifs: for example,
four conserved cysteine residues at the N-terminus.
Of significance is the fact that the b and c subunits
are constituents of other interleukin receptors. The c
chain acts in at least six other cytokine receptors
and has been called the common receptor cc.17 The
b subunit is a part of the IL-15 receptor, the IL-15
molecule being very similar to the IL-2 system.18

Thus it seems that the a subunit is the key to
receptor specificity. This sharing of receptors gives
rise to the phenomenon seen in the cytokine
network of redundancy in functions, meaning that
the same functions can be carried out by different
interleukins, and helps to explain the finding that
in IL-2 gene knockout mice the immune system can
still function with only slight disruption.

Signal transduction from the IL-2 receptor is
complex, and involves a number of different
mechanisms, as the actual abc complex itself has
no intrinsic enzyme activity. Perhaps one of the
most important is through the Janus tyrosine kinase
family and the STAT (signal transducer and activator
of transcription) molecules. The Janus kinases
(named after the Greek God Janus who had two
faces) were first identified in the interferon system,
and are important cellular kinases phosphorylating
key tyrosine residues.19 Jak1 and Jak3 are involved
in the IL-2 system—Jak1 is constitutively bound to
the b subunit whereas Jak3 is bound initially with
low affinity, but after cellular activation with high
affinity, to the c chain. After heterodimerization
of the abc units, Jak3 also interacts with the b unit
and this heterodimerization activates the kinases.
This leads to phosphorylation of key proteins inclu-
ding the b and c subunits of the receptor,10 which
allows the STAT molecules Stat 3, Stat5a and 5b
to dock on the receptor and themselves become
phosphorylated.20 Once this is complete, the Stats
undergo tetramerization and translocate to the
nucleus, where they can bind to promoter sequ-
ences on key genes and up-regulate the production
of their protein (Figure 1).
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Other important tyrosine kinase pathways
are through the Src family21,22 and phosphatidyl
inositol-3-kinase (PI3 kinase).23 p56lck was the first
kinase identified to be associated with the IL-2
receptor complex. The exact role which these
molecules have is still unclear, as knockout mice
for p56lck still have IL-2 signalling and prolifera-
tion. The PI3 kinase system has important down-
stream signals, including that of p70S6 kinase,
which has been identified as one of the targets of
rapamycin, a new immunosuppressive agent used
in transplantation.24

The ras-raf-MAP kinase pathway is also activated
through a complex recruitment of molecules to
the receptor, including Grb2, which then activates
p21ras.25 This allows eventual activation of MAP
kinase, which in turn activates various transcription
factors such as c-fos and c-jun. Other transcription
factors activated by the IL-2 receptor include c-myc
and NF-kB.10 This allows the activation of the IL-2
target genes including key mitogenic genes such
as the cyclins. The cyclins act to control cellular
division and Il-2 stimulation leads to the movement
of the cell from G1 to S stage.

IL-2 acts as an autocrine and a paracrine signal. In
response to interaction with an antigen-presenting
cell and IL-1 secreted by that cell, there is secretion
of IL-2 and up-regulation of IL-2Ra on the T-helper
cells called Th0. There is further differentiation of
these cells into two different pathways—either Th1
or Th2 response. These T cells are defined by their
characteristic cytokine secretion in that Th1 cells
secrete IL-2 (among others) whereas Th2 cells do

not. IL-2 is the stimulus for a number of cellular
changes. It enables cell division by allowing cells to
progress into the S phase of the cell cycle; in B-cells
it stimulates antibody production; it stimulates
the differentiation of NK cells into lymphokine-
activated killer cells, which have enhanced non-
MHC restricted cytolytic activity; and finally it can
also act on monocyte-macrophage cells, possibly
to enhance their cytotoxicity.26

More recently it has been shown that IL-2 also
serves as an important cell viability signal, and
experimentally, if it is removed from proliferating
T-cells, it can induce apoptosis. Perhaps more
confusingly, in T- and B-cell development, IL-2
may also be a necessary requirement for the pro-
cess of negative clonal selection—the process by
which autoreactive lymphocytes are removed by
apoptosis.27

The development of the IL-2
receptor as a target

As a key immune signalling molecule, the inter-
leukin-2 receptor presented itself as a possible
useful clinical target. The scientific rationale for
targeting more specifically the a subunit of the
complex is the fact that in general resting T and
B lymphocytes do not express this subunit.
Waldmann has shown that-5% of the circulating
lymphocyte population express the a subunit,
and those that do are immature developing thymo-
cytes, which are entering a stage of irreversible
commitment to T-cell lineage (called triple nega-
tive cells, as they are CD4� CD8� CD3�).28,29 As
mentioned already, only after stimulation of their
receptors with adjuvant cytokines (IL-1, IL-6 and
TNF), do mature T and B cells start to express
the a subunit.

However, in conditions such as organ-allograft
rejection, T-cell-mediated autoimmune diseases
and certain haematological malignancies, the a
subunit is continuously expressed on the cell
surface.30 In particular, HTLV-1 induced adult T-
cell leukaemia/lymphoma, hairy B-cell leukaemia,
Hodgkin’s disease and cutaneous T-cell lymphoma
have been shown to be constitutively expressing the
a subunit on their cellular surface. In contrast, in
certain T-cell-mediated diseases, such as transplant
rejection or autoimmune diseases, the a subunit is
expressed as a result of T-cell activation, and these
T-cells are only located in the area of the pathology,
for example the synovial fluid in rheumatoid arth-
ritis. By selectively targeting these diseases using
specific anti-IL-2a receptor antibodies, maximum
damage to those pathogenic cells could be inflicted

Figure 1. Outline of cytokine signalling. Defects in the
cc chain leads to failure to bind either with Jak3 or with
the ligand. This leads to XSCID.
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with minimal side effects to other non-a subunit
expressing cells.

There are various theories as to how the
monoclonal antibodies work. The most obvious
one is by direct binding to the a subunit with high
affinity and effectively preventing IL-2 from binding.
However, the development of an IL-2 knockout
mouse showed that this may not be the only
mechanism, as in this model, where the IL-2 is
non-functional, the mouse could still reject an
allograft.31 Therefore it was proposed that in fact
the monoclonal antibodies act through the ADCC
(antibody-directed cellular cytolysis) and comple-
ment fixation processes. However, this would mean
that the cells with the a subunit on them should
disappear from the circulation. Recent evidence
has shown that there is only a very small decrease
in a-subunit-positive lymphocytes after treatment
with humanized monoclonal antibodies. Thus it
may be through a combination of both direct blo-
cking and cytolytic mechanisms that the antibodies
achieve their effect.32

The development of IL-2 receptor
antibodies

As mentioned above, the initial discovery of the
a subunit of the receptor complex was by the
development of a murine monoclonal antibody
against activated T cells and this was named anti-
Tac. Since this, many adaptations have been made
to the basic structure of anti-Tac in an attempt to
improve its efficacy.

Initial clinical uses of the unmodified murine
anti-Tac were hampered by various problems.
Murine antibodies have short half-lives, and are
rapidly cleared from the circulation. This dictates
more frequent administration of the antibody,
which induces a host immune response. As the anti-
body is murine in origin, the host recognizes it as
foreign and frequently develops human anti-murine
antibodies (HAMA) that act to neutralize it. Further-
more, it fails to activate the human immune effector
systems such as complement and macrophage
dependent phagocytosis (antibody-directed cellular
cytolysis ADCC), as it lacks critical signalling
elements of the human antibody structure.33,34

To overcome these problems, genetic enginee-
ring has created both chimaeric and humanized
forms of the antibody. In the chimaeric constructs,
the murine variable regions are fused to the human
immunoglobulin constant domains, and so binding
to the a subunit is maintained, as the variable
regions contain the complementarity determining
regions (CDR) which determine antibody specificity.

In the humanized forms, more extensive remodel-
ling is performed such that all that remains of the
murine antibody are the CDRs, with the rest of the
framework being provided by the IgG1k antibody,
yielding a monoclonal antibody which is more than
90% human origin.35 Queen et al. were the first to
develop these adapted antibodies, and furthermore
went on to show that they activated complement
and ADCC, were less immunogenic, and had longer
half-lives.36

Currently, two marketed specific anti-IL2 recep-
tor antibodies exist, called basiliximab and dacli-
zumab. These have been used extensively in
clinical practice, and have already achieved an
important role in organ transplantation. Basiliximab
(Simulect) is a chimaeric monoclonal antibody
which is produced by recombinant DNA techni-
ques from a mouse-myeloma cell line. Daclizumab
(Zenapex) is a humanized monoclonal antibody,
similarly produced by recombinant technology.

Further adaptations have been made to the
anti-IL2 receptor antibody to create novel mechan-
isms for treatment of certain conditions. These
include the creation of both radio labelled anti-
Tac constructs and immunotoxin-linked conjugates.
Both a- and b-emitting radioisotopes have been
attached to the antibody, including 212bismuth
and 90yttrium.37 One major advantage of these
radiolabelled antibodies is that they can penetrate
a tissue area, and despite binding to only one cell,
the emitting radiation can work over a distance
of several cell diameters, eliminating surrounding
cells at the same time. They also do not need to be
internalized into the cell, unlike the immunotoxin-
antibody conjugates. These structures have in
essence part of a toxic protein, such as diphtheria
or Pseudomonas toxin, attached to the antibody,
which then delivers this cytotoxic agent to the target
cell. LMB2 (anti-Tac Fv-PE38) is one important
example of this type of agent.38 This is built from
the fusion of a single chain of the variable region
of the anti-Tac to a truncated Pseudomonas toxin
molecule. Pseudomonas exotoxin A is a 66 kDa
protein with three identifiable domains—the critical
one is domain III, which harbours the ADP-
ribosyltransferase that inactivates elongation factor
2 (EF-2), a key cell signalling molecule, and by
doing so leads to cell death.39 By removing domain
1, which was the Pseudomonas receptor signal,
allowing entry of the toxin to non-Tac expres-
sing cells, the molecule could be targeted to
Tac-expressing cells only.

A similar strategy has been to attach a cytocidal
moiety to the interleukin-2 molecule itself. The
principal example of this is with the FDA-approved
drug called denileukin difitox (DAB(389)-IL-2 or
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Ontak). This has been created by recombinant
technology using an E. coli expression system to
yield a protein molecule which has IL-2 linked to
diphtheria toxin domains A and B. This toxin is very
similar to the Pseudomonas toxin described above
and once inside the target cell it inactivates EF-2
and leads to apoptosis. The prototype molecule
was DAB(486)-IL-2,33 but because of a short
half-life in vivo, further molecular engineering
led to the shortened form of DAB(389)-IL-2 being
developed.40 This has now been adopted into
clinical practice.

Clinical application of anti-IL2
receptor antibody

We will discuss the application of antibody
therapy to the conditions of neoplasia, autoimmune
diseases and organ allograft rejection.

Neoplasia

The first malignancy to be targeted using receptor
directed therapy was HTLV-1 induced adult T-cell
lymphoma/leukaemia. This is a malignant pro-
liferation of mature T cells which have a pre-
disposition to invade sites such as lungs, skin, and
the central nervous system and can cause profound
immunosuppression leading to opportunistic infec-
tions. It is common in Japan, the Caribbean and
central Africa, reflecting the distribution of the
causal agent—a human type C retrovirus called
human T-lymphotropic virus type 1.41 This has
a typical retroviral structure with long terminal
repeats, gag, env and pol genes, and integrates into
the T-cell genome. There is then transcription from
the viral genome of a protein called Tax. This is
a 42 kDa protein which acts to up-regulate the
transcription of certain genes, including IL-2, IL-2
receptor a subunit and NFkB genes, by binding to
sequences in the promotor region of these genes.
This leads to the constitutive expression of IL-2Ra
at up to 5–10 times greater than the maximally
stimulated normal T cell (correlated with a high
level of soluble IL-2Ra found in the serum of these
patients).42

There is also secretion of IL-2, and it is postulated
that at least initially there is an autocrine feedback
onto these cells from the secreted IL-2, causing
further IL-2 production and cellular division. As the
disease state progresses, chromosomal abnorm-
alities and genetic mutations can occur, rendering
the cells eventually IL-2-independent and free to
divide unregulated.12 Prognosis is dismal—average
life expectancy is 9 months in acute ATL and 24
months in the chronic form. Treatment therapies are

poor. By interrupting the cytokine-mediated growth
of the malignant cells using anti-Tac and thereby
leading to apoptotic cell death by deprivation of IL-2,
it was envisaged that a useful clinical treatment
could be developed.

This led to Waldmann and his group undertaking
a clinical trial using murine unmodified anti-Tac
against this disease.43 In this trial, 19 patients were
enrolled, 10 of whom had failed chemotherapy.
Six patients showed signs of remission—two had
complete and four had partial remissions—lasting
between 1 month and 9 years, as shown by genetic
analysis. Only mild side-effects were seen: fever in
two patients and a transient pancytopenia in one.
However, the development of human anti-murine
antibodies limited further uses of this treatment.
Furthermore, the murine antibodies were not cytoci-
dal and as the cancer cells became IL-2-independent,
the treatment became ineffective.

This contributed to the application of radio-
labelled murine antibodies to the disease. In this
study, 18 patients were enrolled with advanced
disease and given an infusion of the anti-Tac
antibody with attached 90yttrium to a dose of
5–10 mCi. Sixteen patients survived long enough
to be evaluated (at least 3 weeks). Of those 16,
seven developed a partial remission and two deve-
loped a complete remission. A partial remission was
defined as at least a 50% reduction in leukaemic
cell count, a 50% reduction in the size of all
measurable lymph nodes, and no new lesion for 1
month, while a complete remission was defined as
the disappearance of all measurable disease for
more than 1 month. Toxicity was mainly restricted
to granulocytopenia and/or thrombocytopenia in
12/18 patients, occurring at 4–5 weeks after star-
ting treatment, although significant hepatic upset
occurred in three patients. Six patients, out of
the 15 patients evaluated, were found to have
developed anti-murine antibodies.44 This hampered
repeated infusions, and as a follow-up to this further
clinical trials are being initiated using the radio-
nuclide attached to the newer more humanized
antibodies.45

Other strategies to combat neoplasia include
the use of the immunotoxin-linked antibody to the
IL-2 receptor. A phase I trial was recently reported
in which LMB-2 (anti-Tac(Fv)-PE38), as explained
above, was used in the treatment of chemoresis-
tant haematological tumours.46 This group took
35 patients in total with various haematological
cancers and treated them with LMB-2, which
was administered intravenously on alternate days
for three doses—this constituted one cycle. Patients
could go on to receive further cycles at higher
dosages if they still met eligibility criteria, and did
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not get significant toxicity or develop neutra-
lizing antibodies to the immunotoxin after the
initial treatment. Sixteen of the trial patients had
been previously treated with high-dose chemo-
therapy and bone-marrow transplantation and had
relapsed.

One patient developed complete remission
(hairy cell leukaemia) which was ongoing after 20
months of follow-up. Seven patients developed
partial responses—one with cutaneous T-cell
lymphoma, three with hairy cell leukaemia, one
with chronic lymphocytic leukaemia, one with
Hodgkin’s and one with adult T-cell leukaemia/
lymphoma. The definitions of complete and partial
remissions are as outlined above. In fact all
four patients with hairy cell leukaemia, which by
entry into the study was refractory to treatment,
responded to the immunotoxin therapy, leading
the group to advocate this as a future salvage
therapy in unresponsive disease.47 Toxicity was
mild and consisted of transient transaminitis and
fever. Importantly, vascular leaky syndrome, pre-
viously noticed with the administration of other
immunotoxins, was not seen. Six patients were
identified as having developed neutralizing anti-
bodies after the first cycle, which is a lower rate
than that observed in studies with other immuno-
toxins, and may reflect the smaller size of the PE38
toxin and the absence of the immunogenic murine
constant domain.

Treatment of cutaneous T-cell lymphoma
(CTCL), including mycosis fungoides, has also
been investigated using Ontak. In a double-blind
phase III trial, 71 patients with chemoresistant
tumours were treated with either 9 or 18 mg/kg/day
intravenously for 5 consecutive days every 3 weeks
for up to 8 cycles.48 These patients were eligible
if they were found to have CD25-positive malig-
nant cells. Up to 30% of these patients achieved
a response (20% obtained a partial remission, while
10% achieved a complete remission) with a median
duration of 6.8 months. Furthermore, assessments of
the 71 patients showed that those who responded
also had significant increases in their quality of life
from baseline.49 Consequently, in 1999 the FDA
liscensed the drug for use in CTCL.

Toxicity from Ontak consists of mainly either
hypersensitivity reactions or a vascular leak syn-
drome, occurring either immediately or after 10
days, respectively. Flu-like symptoms occurred
in 60–70%. Antibodies to Ontak did develop
in almost all patients and were found to result
in an increased rate of clearance of the drug.
The antibodies are directed towards the diptheria
toxin only, and not the IL-2 element of the
molecule.49 As a result there is some cross-reactivity

with those patients who have had diptheria toxoid
administered previously.

Autoimmunity

In many autoimmune conditions, the Th1 response
is the predominant factor responsible and the IL-2
receptor expressed on these active T-cells is being
used as a target for intervention. Nussenblatt et al.
looked at the use of daclizumab in the treatment
of autoimmune non-infectious uveitis.50 As in
animal models of uveitis the T-cells in the posterior
segment of the eye had increased Tac expression,
various groups considered using monoclonal anti-
bodies to the IL-2 receptor as a treatment for uveitis.
Guex-Crosier et al. found that an infusion of
unmodified Anti-Tac into a primate model of uveitis
had a beneficial effect.51

To confirm this in humans, a non-randomized
open-label study was conducted. Ten patients were
recruited who had posterior uveitis and were either
finding their current immunosuppressive dosage
too much, or agreed to have their systemic treat-
ment weaned. The uveitis was a result of different
conditions ranging from sarcoid to Vogt-Koyanagi-
Harada disease, but perhaps more importantly
was the fact that Behçet’s disease patients were
excluded from the trial.

The patients had their immunosuppression
tapered off over 8 weeks and then commenced
initially fortnightly infusions of daclizumab in a
dose of 1 mg/kg as their only form of immuno-
suppression. The infusion interval was gradually
increased until patients received the drug every 4
weeks, with follow-up for 52 weeks. Eight patients
developed statistically significant improvements
in visual acuity, in the eye with the poorer vision
at baseline. Mild transient rashes appeared in six
patients, but resolved either spontaneously or after
topical steroid administration.

Similar studies have been completed in graft vs.
host disease. Again, in animal experiments, removal
of IL-2Ra-subunit-positive cells actually reduces
the ability of that animal to go on to develop
GVHD, identifying an important role of IL-2 in
the pathogenesis of this condition. In a phase I
study, Anasetti et al. treated 20 patients who had
steroid-resistant acute GVHD with daclizumab,
in doses of up to 1.5 mg/kg. Six patients showed
a response—two complete, and four with partial
resolution.52

A larger study conducted in the USA used multi-
ple doses of daclizumab to treat 43 patients with
GVHD following bonemarrow transplantation along
with adjuvant immunosuppression. Twenty-four
patients received 1 mg/kg on days 1, 8, 15, 22
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and 29 (called regimen 1) and 19 received the
same dose but on days 1, 4, 8, 15 and 22 (called
regimen 2) and were followed-up for both res-
ponse at day 43 and survival at day 120. A
complete response was identified as complete
resolution of rash, normalization of bilirubin and
absence of diarrhoea, while a partial response
was classed as a reduction of at least one grade.
In regimen 1, the complete response rate was
29% while it was 47% in regimen 2. Survival rates
were 29% and 53%, for regimens 1 and 2,
respectively.53

No side-effects from the infusion or development
of neutralizing antibodies were seen. The more
intensive early dosing in regimen 2 may have led
to greater receptor saturation of the IL-2 receptor on
the T-cells, but it could also have saturated the
soluble IL-2 receptor, which could have negated
some of the overall effect of the antibody.

Experience with anti-IL-2 receptor antibodies in
dermatological conditions is yielding fascinating
results. Psoriasis is characterized by a Th1 response
in plaques. Krueger et al. looked at patients with
psoriasis who had moderate to severe disease and
had been treated with at least one form of systemic
therapy, for example PUVA. Nineteen patients
were identified, and stopped all therapy for 4
weeks prior to commencing the trial.54 A loading
dose of 2 mg/kg of daclizumab was given, followed
by infusions of 1 mg/kg at weeks 2, 4, 8 and 12.
Patients were found to improve initially as assessed
by the PASI score with the peak improvement
seen at 8 weeks. This correlated with the time
of maximal receptor blockade as measured by
cytotoxic assay. After 8 weeks however, as the
dosing interval increased, there was a correspon-
ding fall in receptor saturation and in relapse of
disease. Throughout, toxicity was not a problem.
This study shows that clinical improvement was
achieved by IL-2 receptor blockade, but unless
saturation is complete then relapse can occur.
Another clinical study is required to investigate
the use of more frequent dosing regimens.

Further studies have confirmed the efficacy of
the anti-IL-2 receptor antibodies in treatment of
psoriasis.55,56 Moreover, case reports are emerging
of its usefulness in other dermatological conditions.
Kagi treated a patient with severe atopic dermatitis,
who was not responding to cyclosporin treatment,
with the standard 40 mg of basiliximab given over 2
infusions. Benefits for the patient were immediate
and lasted for 4 weeks.57

Finally, in a Rhesus monkey model of rheuma-
toid arthritis, daclizumab leads to a reduction
in joint inflammation and erosion. This awaits
investigation in formal human trials.58

Clinical experience with the immunotoxin Ontak
and its predecessor DAB(486)-IL-2, has revealed
them to be important new additions to the treatment
of both severe psoriasis and rheumatoid arthritis.
In one study, 19 patients with active rheumatoid
arthritis refractory to conventional treatment, inclu-
ding methotrexate, were given infusions of varying
dosages of DAB486-IL-2. Nine patients treated with
either the intermediate or high dosage schedule had
a substantial or meaningful response as assessed by
clinical and functional examination.59 In addition,
a number of studies have established the usefulness
of Ontak in the treatment of psoriasis, and this
remains an ongoing area of active research in
order to establish the optimal dosage regimen.60,61

In a multicentre dose escalation study, the higher
dosage regimen produced a )50% decrease in
psoriasis Area and Severity index score, in 7 of the
15 patients treated with Ontak.60

Transplantation

Acute allograft rejection is a T-cell-mediated
process in which IL-2 is a very important compo-
nent, and is a risk factor for future chronic allograft
dysfunction and loss.62 Animal studies were the first
to show the promise of anti-IL-2-receptor antibodies
in the prevention of cellular rejection. Kirkman63

and his group showed that the use of the murine
anti-Tac AMT-13 prolonged cardiac allograft sur-
vival in mice, and this was confirmed by similar
experiments in primates by Cooper et al.64 Renal
allografts were also shown to be aided by the
administration of anti-Tac in primate experiments.65

It was not until the development of the chimaeric
or humanized forms that antibody therapy in trans-
plantation was used to the full. Following on from
a phase I trial reported in 1997,66 Vincenti and
his group conducted an extensive randomized,
double-blind, placebo-controlled phase III trial
analysing daclizumab in renal transplantation.67

Patients receiving their first cadaveric kidney
transplant were eligible, and all received triple
immunosuppression of cyclosporin, azathioprine
and prednisolone. They recruited 260 patients
(126 to the daclizumab arm) and the primary
endpoint was biopsy-proven rejection. The infusion
was given over 15 min, the first within 24 h prior to
transplantation, followed by four more doses at 2, 4,
6 and 8 weeks after transplant. This regimen had
been previously established by pharmacokinetic
studies to saturate the receptors for up to 120 days,
and although receptor saturation can be prolonged
beyond this, it is not felt necessary, as most episodes
of rejection would occur within this time period.
This is now the recommended dosage schedule.
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Fewer patients in the daclizumab group devel-
oped rejection during the first six months after
transplantation (22% vs. 35% in the placebo group;
p = 0.03), time to develop rejection was longer (73
vs. 30 days) and the numbers of rejection episodes
were lower in the daclizumab group. Moreover,
this was not associated with any adverse reactions,
nor were there any differences in infection or
cancer rates between the two groups. However, in
the short term at least, there was no difference in
graft or patient survival, either. The findings of
this trial were established by a second European
trial that recruited 275 patients and found that
in the daclizumab treatment arm only 28%
developed rejection, compared with 47% in the
placebo control. Interestingly, this was despite only
using dual immunosuppression of cyclosporin and
prednisolone.68

A comparable study has also been published
using basiliximab in renal transplantation.69 Again,
entry criteria were for patients who were receiving
their first cadaveric transplant, and specifically
excluded were patients with previous transplants,
high panel reactive antibodies ()80%) or had a
current infection. Of 380 patients initially recruited,
333 patients completed the study at 12 months
follow up; 165 in the basiliximab treatment arm.
All patients received dual immunosuppression of
cyclosporin and prednisolone and were matched
for variables such as sex, HLA-mismatches and cold
ischaemia time, which represents the time between
organ retrieval and transplantation. Patients were
given basiliximab infusions 2 h prior to transplanta-
tion and then 4 days after transplant. This has been
shown to produce receptor saturation.

There was a significant reduction in the inci-
dence of rejection in the basiliximab group at both
6 and 12 months (34% vs. 52% at 6 months and
38% vs. 55% at 12 months). Graft and patient
survival at 12 months were similar. As before, there
were no significant adverse events and no differ-
ences between groups in terms of infection rates or
malignancies confirming the safety profile of the
antibody.

Three-year follow-ups for the daclizumab trials
using triple or dual immunosuppression have been
completed.70 They confirmed the persistence of a
significant reduction in acute rejection episodes
compared to placebo at 1 year (43% vs. 28%;
p-0.001). As before, there was no significant
difference in the 3-year graft survival between
the different groups. Reassuringly there was no
increased risk of malignancies or infection seen in
the daclizumab group. Using the same data from
these daclizumab trials, Bumgardner investigated
whether daclizumab had any specific effect on

patients who develop delayed graft function follo-
wing transplantation.71 This was defined as urine
output -30 ml/h, decline in serum creatinine of
-0.5 mg/dl or need for dialysis within the first
24 h. They found a significant reduction in the time
to, and the development of, acute rejection in the
patients treated with daclizumab who developed
delayed graft function.

Further studies have confirmed beyond doubt
both the efficacy and safety profile of the mono-
clonal agents in prevention of acute rejection in
first transplants.72 However, whether these agents
can help to prolong graft survival in the long term
remains to be seen.

Since these landmark trials, the monoclonal
antibodies have been used in other organ trans-
plants. Beniaminovitz et al. used daclizumab in
preventing rejection in cardiac transplantation.73 Of
55 patients, 28 received antibody treatment at
transplantation and every 2 weeks thereafter to a
total of five doses as per standard protocols in other
organ transplantation trials. Adjuvant immuno-
suppression consisted of cyclosporin, mycopheno-
late and prednisolone. Patients were matched for
patient characteristics, although the cold ischaemia
time in the control group was found to be signi-
ficantly shorter. Despite this, the incidence and
severity of acute rejection, time to rejection and
need for rescue therapy were all significantly lower
in the daclizumab group. Overall survival at 1 year
was similar between groups, as were rates of
infection or de novo malignancies

Daclizumab has also been investigated in the
context of liver and intestinal74,75 transplantation,
and was found to reduce the incidence of acute
rejection and be of advantage as an induction
agent. In liver transplantation, Calmus and his
group looked at induction with 40 mg basiliximab
in 188 patients, along with cyclosporin and
steroids. At 6 months, there was a lower inci-
dence of biopsy-confirmed acute rejection in
the basiliximab-treated group when compared
to the placebo group. Furthermore, the safety of
the anti-IL-2-receptor antibodies was confirmed.76

There have also been some concerns about using
the antibodies in patients who require a liver
transplant secondary to hepatitis C infection. In
some reports, use of these monoclonal antibodies
was associated with an increased rate of hepatitis
C recurrence after transplant. In pancreas-kidney
transplants, monoclonal antibodies are effective
in reducing the incidence of biopsy proven
rejection at 6 months and also safe when com-
pared to induction with anti-thymocyte globulin.77

Similar findings have been seen in kidney-only
transplants.78
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A further use of the new agents may be to allow
the adoption of an immunosuppressive regimen
that uses a low dose of the calcineurin inhibitors.
Agents such as cyclosporin can be nephrotoxic, and
minimizing their use should be beneficial. Vincenti
reported on a study in which patients were given
daclizumab, mycophenolate and prednisolone
only in renal transplant induction.79 There was a
higher incidence of acute rejection in this group,
compared to expected rates, but graft survival at
12 months was 96%. Receptor saturation studies
showed that the dosing regime was adequate, and it
could be that a combination of low-dose calci-
neurin inhibitors with the monoclonal antibodies
would be more effective while less toxic.

One other important consideration to be
accounted for is the overall cost of these new
agents. A cost analysis has shown that by using
basiliximab at induction in renal transplants, a
net saving of $1554 could be made in the first
year. This was a comprehensive study based on
the multicentre trial conducted by Nashan et al.,69

and included costing for hospitalization, immuno-
suppressive drug use, dialysis, patient and graft
survival.80 This study lends further weight to the
argument for routine use of these agents in clinical
practice.

Functional implications of blocking
IL-2 mediated signalling

It is interesting to speculate what functional
consequences may arise as a result of long-term
blockage of key immune signalling pathways. With
regards to this, both nature and science have
already given us an insight in the form of naturally
occurring mutations and recombinant technology
allowing targeted disruption of specific genes in
mice. In the case of IL-2Ra and IL-2Rc, mutations
have been identified in humans as well as being
created in mice.

IL-2Ra deficiency in mice gives rise to a
phenotype consisting of a haemolytic anaemia,
lymphadenopathy and an inflammatory bowel
condition not unlike ulcerative colitis in humans.
Surprisingly T, B and natural killer (NK) cell deve
lopment is intact, although there is a polyclonal
expansion of peripheral lymphoid cells, suggesting
a role for the a subunit in regulating the overall size
and homeostasis of the lymphoid system.10 B-cell
activity is increased, and results in hypergamma-
globulinaemia, although as the mice get older,
B-cell numbers fall. The T cells have a characteristic
defect—there is absence of CD1, which is involved
in antigen presentation, and also regulation of

apoptosis. Absence of the IL-2Ra and CD1 leads
to high levels of the gene product bcl-2, which
protects cells from entering into apoptosis.81 It
is hypothesized that the CD4 CD25qve T cells
are vital for the suppression of autoreactive clones
and regulation of peripheral immune tolerance.82

Disruption of this system leads to the observed
murine phenotype mediated by a self-directed
immune system. In humans, deficiency of the
IL-2Ra has been seen as a result of a frameshift
mutation, inherited as a homozygous mutation.
This leads to a phenotype of profound immuno-
suppression with recurrent viral, fungal and
bacterial infections presenting early in life.

Perhaps the most studied abnormality has
been that of the cc chain deficiency. Mutations in
this common chain, which plays an vital role in six
other cytokine receptor systems (including IL-7 and
IL-15) leads to the human disease of X-linked severe
combined immunodeficiency (XSCID), as the c
chain gene locus is on the X chromosome. Again,
the patient presents in childhood with failure to
thrive, recurrent infections and lymphopenia.83 The
disease is characterized by defects principally in
T and NK cellular development.84,85 The T-cell
defects arises from the interruption not of IL-2
signalling but of the IL-7 system, which seems to
be a key cytokine for T-cell development. Simi-
larly, loss of IL-15-mediated effects leads to NK
cell abnormalities. In cc-knockout mice, identical
effects are seen, except there is a more profound
B-cell abnormality not seen in humans.

The loss of the cc chain leads to failure of
downstream signalling from the cytokine receptors
via the Jak3 kinase. Recently mutations in the Jak3
kinase itself have been identified, and not surpri-
singly lead to an identical phenotype to that of the
cc mutation.85

It remains to be seen if any adverse long-term
effects of the administration of the anti-IL-2a mono-
clonal antibodies will develop. Most studies to date
have not involved children, and concern remains
that treatment with these drugs may have negative
effects on the future development of their immune
systems.

Future developments

The future is exciting. Through the discovery of
the intricate signalling system of the IL-2 system,
new treatments have become available for use
in oncology, autoimmune disorders and of course
transplantation. However, as more is discovered
more opportunities for designing newer agents
become available. The redundancy of the cytokine
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system, especially between IL-2 and IL-15 means
that the IL-2Ra monoclonal antibodies can be
bypassed by the action of IL-15. Furthermore the
antibodies cannot target NK cells, which are
IL-15-dependent (and lack the IL-2Ra subunit),
and these NK cells themselves have been impli-
cated in organ rejection. Development of anti-
bodies to both IL-2Ra and IL-15Ra subunits may
provide a more complete level of immunosuppres-
sion, although the full extent to which IL-15 is
important in immune responses remains to be fully
elucidated.86 Furthermore the identification of Jak3-
deficient humans and the creation of Jak3 knockout
mice has shown that this can lead to an immuno-
deficiency syndrome almost identical to that seen
in X-linked severe combined immunodeficiency dis-
order, which results from a mutation in the common
c chain gene.32 Targeting of Jak3 may therefore
provide another immunosuppressive avenue.

In conclusion, many new medical treatments
are entering clinical practice as a result of a better
understanding of cytokine signalling, and will soon
play an important part in almost every field of
patient care. The monoclonal anti-IL-2-receptor
antibodies appear to be efficacious, safe and
cost-effective.
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