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Immunomodulation by interleukin-2 receptor
targeted therapy
D. GUPTA, S. NAIK

ABSTRACT
The interleukin-2 receptor (IL-2R)is expressed on proliferating
T-lymphocytes following antigen stimulation. Activated
IL-2R bearing lymphocytes accumulate as cellular infiltrates
in autoimmune thyroiditis, insulin-dependent diabetes
mellitus, rheumatoid arthritis and graft rejection. Affected
cells in Hodgkin's disease, hairy cell leukaemia, non-
Hodgkin's lymphoma, cutaneous T-cell lymphoma and
lymphoid blast crises of chronic myeloid leukaemia also
express IL-2R. Anti-IL-2R monoclonal antibodies or
chimeric IL-2R toxins provide a way of selective elimination
of such cells. These have been used in experimental models
of autoimmunity and transplantation with beneficial results,
providing a novel way of selective immunosuppression. In
open uncontrolled trials, chimeric IL-2R toxin was found to
be safe and effective in patients with refractory rheumatoid
arthritis, insulin-dependent diabetes mellitus and IL-2R
bearing leukaemias and lymphomas.
Natl Med J India 1994;7:67-70

INTRODUCfION
T-cells mediate two important immune functions: (i) they
help or suppress other T- and B-cells via production of
lymphokines, and (ii) they serve in cytotoxic destruction of
antigen bearing cells. During a successful T.:sell mediated
immune response, these cells transform from a resting to an
activated state. This requires two sets of signals from the cell
surface to the nucleus. First, an appropriately processed and
presented antigen on an antigen-presenting cell interacts
with the T-cell receptor specific for the antigen. Sub-
sequently, T -cells enter a programme of activation leading to
de novo synthesis and secretion of the 15 kilodalton (kD)
lymphokine, interleukin-2 (IL-2). To exert its biological
effects, IL-2 interacts with a specific high affinity membrane
receptor (Fig. 1). Resting T-cells do not express the high
affinity IL-2R. However, after activation with an antigen or
mitogen the receptors are rapidly expressed on the surface of
T-cells.! IL-2-IL-2R interaction then triggers proliferation of
T-cells leading to clonal expansion of effector T -lymphocytes
which mediate either helper, suppressor or cytotoxic tunc-
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FIG 1. Diagrammatic representation of the IL-2 receptor

tions. As resting normal cells do not express IL-2R,
strategies directed at the high affinity IL-2R will abrogate
activated T-cells alone. This makes the target more specific
than a general anti-CD4 monoclonal antibody directed
against all helper T-cells.

IL-2R directed therapy would be beneficial in autoimmune
disorders and allograft rejection where the disease-causing
IL2R+ T-cells are over-expressed. This is especially so
because the initiating antigen has not been conclusively
identified in many autoimmune diseases. In addition, it
would also act against T-cells with constitutively high expres-
sion of IL-2R as in T-cell lymphomas, HTLV-l associated
T-ceilleukaemias and tropical spastic paraparesis.

STRUCTURE AND FUNCTION OF IL-2R
The IL-2R consists of three IL-2 binding peptides; a 55 kD
alpha chain (CD25; Tac), a 70 kD beta chain and a 64 kD
gamma chain which seem to be essential for signal transduc-
tion. The 70 kD beta chain when expressed alone on the cell
surface has intermediate binding affinity for IL-2 while the
isolated 55 kDa alpha chain is the low affinity binding site.?
In resting T-cells, the IL-2R beta chain is constitutively
expressed on CD8+ cytotoxic T-cells but not on CD4+ helper
T-cells; the gamma chain is expressed constitutively in



replaces the VH regions of the IgG molecule. 7 This molecule
retains the characteristics of both IL-2 and IgG; it can specifi-
cally bind to IL-2R bearing cells and also cause these to lyse
in the presence of complement. These chimeric antibodies
are undergoing preclinical trials.

Cytokine toxin fusion protein. Paul Ehrlich had suggested
that cell-specific antibodies conjugated to a toxin (immuno-
toxin) can be used to destroy target cells selectively.
Diphtheria toxin and pseudomonas exotoxin A (PEA) have
been extensively used for this purpose. These proteins have
three functional domains through which they (i) bind to the
target molecule on the cell surface, (ii) translocate the
toxin to the subcellular compartment, and (iii) induce
enzymatic killing of target cells" (Fig. 2). The enzymatically
active portion is an ADP-ribosyltransferase which inactivates
elongation factor-2 (EF-2), leading to cell death. (EF-2
is essential for translation of mRNA to protein.) Replace-
ment of the receptor binding sites of diphtheria toxin or PEA
with certain cytokines, for example IL-2 or growth factors,
by genetic engineering alters the specificity of the toxins.

Antibody based ligands These then bind only to IL-2R or the growth factor bearing
Murine (anti-CD25) monoclonal antibodies. In rodent cells. These are known as fusion toxins.":'! The chimeric

models of transplantation and autoimmunity, murine anti- molecule in which human IL-2 cDNA has replaced the receptor
IL-2R alpha monoclonal antibodies (rnAb: anti-CD25) have binding domain of the gene encoding the PE40 pseudomonas
been found to have immunosuppressive activity." These exotoxin? is extremely toxic only to IL-2 receptor positive
antibodies have not been found to be very effective in human cells.
trials since they could neither fix complement nor could they DAB486IL-2 is a diphtheria-based fusion toxin which is
activate human cytolytic Fe receptor positive (FcR+) currently undergoing clinical trials. An improved version,
phagocytic cells. They only blocked IL-2 receptors and did DAB389IL-2 (with 97 amino acids of a residual piece of
not destroy target cells. Further, repeated courses of rodent the diphtheria toxin receptor binding domain deleted) is a
mAbs led to development of neutralizing antibodies to these shorter peptide with 10 times the potency of DAB486IL-2.12.13
foreign proteins, progressively rendering them ineffective." Recently, a tripartite fusion toxin-Shiga-A-DTB'-IL-2
This has been a drawback in the therapeutic use of rodent consisting of an A chain of a Shiga-like toxin (in place of the
mAbs. Efforts have been made to replace the constant (C) diphtheria toxin 'A' chain fragment), the protease sensitive
region and variable (V) framework sequences of murine first disulphide loop of diphtheria toxin and IL-2 has been
mAbs with human sequences in order to increase their constructed. The two toxins act on different targets in the
potential to lyse target cells and also reduce their cell-the diphtheria toxin inactivating EF-2 and Shiga toxin
irnrnunogenicity. targeting ribosomes. This chimera is expected to be more

Humanized anti-CD25 monoclonal antibodies. Morrison efficient than bipartite fusion proteins." However, both
et al. fused mouse antigen binding sites of the V region toa-----"DAB389IL-2 and Shiga-A-DT-'B'-IL-2 are yet to be
human Fe domain by genetic engineering. These chimeric evaluated in clinical trials.
mAbs were able to fix human complement and activate
FcR+ cytolytic cells." However, 'humanizing' the mouse
antibody did not prevent the formation of antibodies against
the murine V region.

Most of the V region of an antibody molecule does not
participate in antigen binding but functions as a framework
region. It is the complementarity determining region (CDR)
which is important for antigen binding. Riechmann et al.?
have obtained antibody molecules which have been
'humanized' to the extent of having only mouse CDRs within
a human framework, thus reducing the immunogenicity of
the molecule. A mouse anti-human IL-2R alpha chain mAb
(anti- Tac) has also been humanized" and is undergoing phase
I clinical trials in HLA-mismatched bone marrow transplant
recipients and patients with IL-2R + lymphomas and
leukaemias.
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lymphoid cells while the alpha chain is not. Following T-cell
activation, the levels of IL-2R beta increase moderately. In
the presence of high concentrations of IL-2, IL-2-IL-2R
complexes are internalized and intracellular activation
signals are transmitted. Activation is followed by slow
release of the bound ligand together with marked increase in
the expression of the genes for all three chains. The surface
expression of various combinations of these three compo-
nents gives rise to the generation of various forms of IL-2R.
The combination of beta and gamma chains is required for
signal transduction. The reconstitution of the high affinity
form of the IL-2R requires the additional participation of the
alpha chain.! The IL-2R alpha-beta-gamma trimer binds
rapidly to IL-2.

TARGETING THE IL-2R
There are many ways of targeting cytotoxic agents to IL-2R.
These can be either using antibody based ligands or fusion
proteins with IL-2.

IL-2 fusion proteins
IL-21lmmunoglobulin fusion protein. As IL-2 binds to

IL-2R with a much higher affinity than its antibody, a fusion
protein has been genetically engineered in which IL-2
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FIG 2. Diagrammatic representation of the functional
domains of PE, PE40 and IL-2-PE40. B, T and A refer to
binding domain, translocation domain and ADP-ribosylation
domain respectively
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CLINICAL TRIALS
Haematogical malignancy
In phases I and II clinical trials of DAB486IL-2 in highly
refractory lymphoreticular malignancies, 109 patients were
treated with 202 courses of DAB486IL-2 given daily as a bolus
or an infusion for 5 or 7 days.'>'? These patients had earlier
received an average of 3.5 different chemotherapy regimens.
The overall response rate was 25% and better responses were
seen in cutaneous T-cell and non-Hodgkin's lymphomas of
the low and intermediate grades. Complete remissions of up
to 18months were seen in 3 patients and 8 patients had partial
remissions lasting for periods varying from 2 to 12 months.
Only patients with IL-2R+ tumours responded. The therapy
was well tolerated and the side-effects observed were a
transient rise in transarninases, mild creatinine elevation,
nausea, vomiting, hypoalbuminaemia and hypersensitivity
(bronchospasm, urticaria or transient hypotension).
Adverse effects were more common at higher doses. In 3
patients, a syndrome of transient haemolysis, thrombo-
cytopenia and renal insufficiency occurred which responded
to conservative management. The majority of the patients
developed antibodies to DAB486IL-2, 26% had antibodies to
diphtheria toxin prior to therapy, while 67% had antibodies
after therapy. However, these antibodies did not interfere
with the antitumour response. Hypersensitivity events
occurred only in patients with antibodies and these were
managed with antihistamines, acetaminophen and steroids.
Only 4% patients required permanent discontinuation of
therapy due to hypersensitivity reactions.

Autoimmune diseases
DAB486IL-2 has been used in refractory rheumatoid arthritis
and recent onset diabetes mellitus. Nineteen patients with
active refractory rheumatoid arthritis were treated with
DAB486IL-2 using a 60-minute infusion daily for 5 or 7 days
in three dose regimens of 0.04, 0.07 or 0.1 mg/kg/day.
Patients who had more than 6 painful joints, more than 3
swollen joints and morning stiffness of more than 45 minutes
despite immunosuppressive agents were selected. All
immunosuppressive agents were stopped 3 weeks prior to
starting the trial. No significant improvement was observed
at the lowest dose. An improvement of 30% to 90% in clinical
disease activity was observed in 3 out of 6 and 2 out of 7 of the
0.07 mg/kg and the 0.1 mg/kg groups respectively. The effect
of the drug was apparent within one week and the response
lasted for 4 to 30 weeks. There was a decline in their CD4+
CD25+ population of cells following treatment but this was
similar in both the responders and non-responders. Since
there was no correlation between the initial CD4+ CD25 +
counts and the disease activity, the exact mechanism by
which this molecule brings about a clinical response is not
known. The lack of response does not appear to be due to
development of antibodies since this was seen in all 19 cases.
The correlation may have been better if the effect of the drug
on the CD4+ CD25 + population at the site of inflammation
in the synovium had been monitored. Observed adverse
effects included a rise in transaminases, fever and constitu-
tional symptoms and these were most prominent at higher
doses. Courses were repeated in those who showed a poor
response and some showed improvement despite the
development of antibodies. 18
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Eighteen healthy patients with insulin-dependent diabetes
mellitus with HLA DR3IDR4, hyperglycaemia of less than 4
months duration and anti-islet cell antibodies were treated
with DAB486IL-2. Cohorts of 6 patients each were given
doses of 0.025, 0.05 or 0.75 mg/kg/day as 60-minute infusions
daily for 7 days. The treatment was well tolerated with
minimal side-effects. Three patients in each group experi-
enced responses measured at 6 weeks in the form of
decreased insulin requirement «0.25 unit/kg), increased
insulin C-peptide (>0.6 mM/L) and normal glycosylated
haemoglobin.'?

IL-2 toxin is also being used in organ transplant recipients
and in HIV -infected patients in conjunction with antiviral
drugs.P

DAB48f,IL-2 is well tolerated and effective in lyrnphoreti-
cular malignancies, insulin dependent diabetes mellitus and
refractory rheumatoid arthritis in open trials. Double-blind
placebo-controlled trials are being conducted to further
assess its utility in these disorders.

CONCLUSION
These examples highlight how a detailed understanding of
T-cell biology and IL-2R expression has been exploited by
molecular biologists to 'design' proteins targeted to specific
cell types. The 'designer' has incorporated relevant toxin
sites to make the .combination lethal to its target. A variety of
cell-specific targets are being characterized and as we under-
stand more about their functions and specificity, we can look
forward to a large number of such target-directed therapeutic
agents.
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