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Abstract

Cancer growth and development is associated with the stimulation of the innate immune
system, including enhanced interleukin 2 receptor (IL-2R) expression in immune cells and its
shedding into the circulation in a soluble form of sII.-2Ra. In most haematological
malignancies, including different types of leukaemias and lymphomas, sIL-2Ra has been found
to be released directly from the surface of neoplastic cells thus reflecting the tumour bulk,
turnover and activity. Several studies have proved that not only lymphoid cancer cells, but also
some non-lymphoid cancer cells, express IL.-2R on their surface. They include malignant
melanoma and carcinomas of the kidney, head and neck, oesophagus and lung. It is suggested
that in most malignant solid tumours, elevated levels of sIL.-2Ra are likely to be the product of
normal peripheral mononuclear cells activated in response to the neoplasm’s growth or that they
are released from activated lymphoid cells infiltrating neoplastic tissues. This latter hypothesis
has been proved by discovering the high expression of CD25 on the cell surface of most of these
cells. Although the precise source and biological role of sIL-2Ra has not been clarified
definitively, pretreatment serum levels of sIL-2Ra have been shown to reflect the activity,
advancement and biological aggressiveness of many types of cancer in adults and children as
well as to correlate with prognosis and overall survival. The possibility of enriching the
diagnostic tools of oncologists with a new biochemical marker of activity of neoplasms resulted
in numerous studies and reports concerning the clinical usefulness of sII.-2Ra measurements in
adult and, less frequently, in paediatric malignancies. This article presents the actual knowledge
concerning the structure, source and biological function of sIL-2Ra in patients with
haematological and non-haematological malignancies. The authors review the published data
on clinical applicability of soluble IL-2Ra determination in terms of diagnostics, prognosis and
treatment monitoring of particular types of malignant disorders both in adults and in children.
They also provide an insight into the clinical usefulness of sIL.-2Ra-blocking antibodies in
patients with cancer, and in those who reject organ transplants, develop graft-versus-host
disease after allogeneic bone marrow transplantation and are affected with autoimmune
disorders.
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Introduction

Interactions between the immune system and malignant cells play an important role in
tumorigenesis (Smyth et al. 2001, Diefenbach & Raulet 2002, Igney & Krammer
2002, Dranoff 2003). The role of the immune system in fighting cancer has been
verified in the laboratory as well as with clinical experiments (de Pillis et al. 2006).
Through the mathematical modelling of tumour growth, the presence of an immune
component has been shown to be essential for producing clinically observed
phenomena such as tumour dormancy, oscillations in tumour size and spontaneous
tumour regression (Dalgleish & O’Byrne 2002). Anti-tumour responses of the
immune system in cancer patients are generally attributed to the activation of
tumour-specific T cells, both CD4 + and CD8 + (Houghton et al. 2001, Garcia-Lora
et al. 2003, Nelson 2004, Disis & Lyerly 2005, Kaufman & Jedd 2006). There is also
evidence that the presence of tumour-infiltrating T cells is associated with a favourable
prognosis in several types of cancer (Trentin et al. 1994, Diefenbach & Raulet 2002,
Pages et al. 2005). The activation of T cells is a highly regulated process commonly
provoked by the expression of transformation-associated antigens on the cell
membranes of neoplastic cells (Diefenbach & Raulet 2002, Rivoltini et al. 2002,
Dranoff 2003).

Failure of the immune system to early detect and reject transformed cells may lead
to cancer development and uncontrollable proliferation (Igney & Krammer 2002). It
is well known that the growing neoplasm takes advantage of some regulative
mechanisms of the host to assure it has optimal growth conditions. Indeed, in many
instances tumours can reappear, become resistant to therapy and escape the host
immune response (Dunn et al. 2002, Igney & Krammer 2002, Poggi & Raffaella
2006).

Some immunological phenomena may promote tumour growth, acting to block
anti-neoplastic functions of the activated effector cells (Beatty & Paterson 2000,
Chouaib et al. 2002, Poggi & Raffaella 2006). It has been proven on a cellular and
molecular level that tumour cells can escape immune-mediated control by several
mechanisms that lead to subversion of the anti-cancer response (Beatty & Paterson
2000, Chouaib et al. 2002, Dunn et al. 2002, Rivoltini et al. 2002, Garcia-Lora et al.
2003). These mechanisms include: (1) alteration of the expressions of classical and
non-classical human leukocyte antigens and/or loss of tumour-associated antigens
(TAA); (2) loss of co-stimulatory molecules, which are essential in inducing a
powerful immune response; (3) the production of cytokines, which are strongly
immunosuppressive; and (4) induction of anergy or clonal deletion or suppressor cells
(Poggi & Raffaella 2006).

One of the basic phenomena responsible for tumour escape from immune-mediated
surveillance is shedding of TAA. It is well known that most of the cells physiologically
shed antigens bound to their cell membranes and release them into the circulation.
This most probably reflects their physiological activity, proliferation and turnover. In
the organism suffering from cancer the intensity of TAA shedding by neoplastic cells
may correlate with the tumour stage, bulk and aggressiveness (Heaney & Golde 1996,
1998, Dunn et al. 2002).

Numerous TAA have been identified that can be recognized by T cells and thus
exert specific anti-tumour immune response (Houghton et al. 2001, Rosenberg 2001,
Smyth et al. 2001). The possibility of detecting and measuring of TAA released by
normal or neoplastic cells into the body fluids has gained much interest lately.
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Among many antigens associated directly and indirectly with tumour growth the
soluble counterparts of cytokine receptors seem to play special pathophysiological
roles. Some authors suggest that soluble receptors are the by-products of the
membrane-bound receptor downregulation and they need not have intrinsic biological
functions. Other models assume that soluble receptors are able to modify the
biological response to their ligand, usually by competing for the ligand with the
membrane-bound receptors (Rubin et al. 1986, Dummer et al. 1992, Murakami
2004). In some other instances soluble receptors may act as binding proteins to inhibit
the fast degradation of the ligand (e.g. hormones). Several types of soluble receptors
may affect signal transduction of the membrane-associated receptor by binding the
ligand in the bloodstream and subsequently activating intracellular signalling of
the cell-bound receptor. In this model, the soluble receptor-ligand complex can
provide ligand sensitivity to cells that do not express the complete receptor (i.e. do not
express the ligand-binding subunit). Some evidence exists that several types of soluble
receptors may be able to associate with one of the subunits of the membrane-bound
receptor only when the second non-binding subunit is synthesized in the same cell
(Heaney & Golde 1998, Witkowska 2005).

Of course, several other models of soluble and membrane-bound receptor inter-
relationships may exist. It is also likely that many soluble receptors have more than one
activity depending on the concentrations of ligand and soluble receptor and on the
cellular context of the interaction. Nevertheless, many studies have shown that
interleukin 2 receptor (IL-2R) and the soluble form of its alpha subunit (sIL-2Ra) are
of special significance both in physiological and also several pathological phenomena
(Waldmann 2002, 2007). Because many diseases of immune, neoplastic and
inflammatory origin are associated with increased sIL.-2Ra, it is possible that soluble
receptors may be playing a part in the manifestation and severity of disease (Murakami
2004, Witkowska 2005). Some authors suggest that disease-related immunosuppres-
sion may be mediated by the increased concentration of sIL.-2Ra, especially when its
suppressive effect can be overcome with increased concentrations of I1.-2 or can be
abrogated if sIL-2R is removed by immunoabsorption or blocked with selective
antibodies (Heaney & Golde 1998, Sabbioni et al. 2000, Warlé et al. 2003a, Mehta
et al. 2004).

Interleukin 2 and the cell surface-bound IL-2 receptor

IL-2 was discovered as a T-cell proliferative factor purified from cultured phytohae-
magglutinin-stimulated peripheral blood mononuclear cell (Morgan et al. 1976). IL-2
is a single polypeptide of molecular weight 15.5 kDa, 133 amino acid residues long.
IL-2 is a globular protein containing two sets of a-helical domains, lying at right angles
to each other. 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 (Waldmann 2002, Church 2003).

IL-2 is produced mainly by activated CD4 + T cells, although the expression of IL-
2 by naive CD8+ T cells and dendritic and thymic cells has also been reported
(Morris & Waldmann 2000, Fehniger et al. 2002, Nelson 2004). The cytokine is
considered a potent immunomodulator playing an important role in both the
activation and maintenance of an immune response. This cytokine activates numerous
key cells in the immune system, acting as an autocrine factor driving the expansion of
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antigen-specific T cells, and as a paracrine factor influencing the activity of a number
of other cells including B cells, natural killer (NK) cells, lymphokine-activated killer
(LAK) cells, neutrophils, monocytes and y/dT cells (Cassell et al. 2002, Waldmann
2002, Church 2003, Bayer et al. 2005). Recent work, however, has uncovered an
unexpected function of IL-2, which appears crucial to maintaining peripheral
tolerance by supporting the survival and function of CD25+CD4+ regulatory T
cells (Malek & Bayer 2004, Fehervari et al. 2006).

The ability of IL-2 to stimulate NK cell and CD8+ T-cell lysis of tumour targets
resulted in much clinical interest in IL.-2 as an anti-neoplastic biological agent
(Rosenberg 2000, 2001, Cassel et al. 2002, Fehniger et al. 2002, Waldmann 2002). A
recombinant human IL-2 analogue has been approved for the treatment of metastatic
melanoma and metastatic renal cell carcinoma, yielding an overall objective response
rate of approximately 15% (Atkins et al. 2000, Fisher et al. 2000).

To exert its biological effect, I1.-2 must interact with its specific receptor (IL-2R).
Among the other growth factor receptors the cell surface-bound IL-2R has a unique
structure. It is composed of at least three distinct glycopeptide subunits called o
(IL-2Ra), B (IL-2RPB) and y (IL-2Ry) chains (Waldmann 1991, 2002, Murakami
2004).

The o chain also termed the light chain and CD25 (previously known as Tac
antigen) is a protein of 55 kDa. Its primary structure shows no homology with any
other known protein receptors. IL.-2Ra lacks structural features characteristic for
members of the immunoglobulin superfamily and does not belong to the cytokine
receptor superfamily. It is composed of 251 amino acids including a signal peptide of
21 amino acids. Three parts of the o receptor: extramembrane, intramembrane and
intracellular are composed of 219, 19 and 13 amino acids, respectively (Waldmann
1991, 2002, Nelson 2004, Murakami 2004). This intracellular domain is too short to
act as an important site for signal transduction, and lacks any known consensus
sequence for intracellular signalling. However, there is conserved sequence homology
between humans and murine o subunits, indicating a possible important role
(Anderson et al. 1995, Church 2003).

The B chain called also the heavy chain (IL-2Rf3, CD122), is a protein weighting
75 kDa (p75). The full-length IL-2RB contains 551 amino acids with a signall-
ing peptide of the NH,-terminal 26 amino acids within the structure. The
extramembrane part of the B chain comprises 214 amino acids, intramembrane
(membrane-spanning) — 25 and intracellular (cytoplasmic), the biggest one —286. The
latter part of the IL-2Rp has been divided into three distinct subregions designated as
the ‘serine-rich’ region (responsible for the mitotic signal transduction), the ‘proline-
rich’ region and the ‘acidic’ region responsible for its physical association with a src-
family protein tyrosine kinase following IL.-2 stimulation. It has been shown that the 8
chain is shared by both the IL-2 and the IL-15 receptors (Bamford et al. 1994, Morris
& Waldmann 2000, Nelson 2004).

The vy subunit of the IL-2R (p64, CD132) is composed of the 22 amino acid signal
sequence and 347 amino acids making up the mature form of IL-2Ry. Within this chain,
regions of 232, 29 and 86 amino acids in length constitute the extracellular, membrane-
spanning and cytoplasmic regions, respectively. The extracellular domain contains
several unique motifs that are present in other cytokine receptors including those for
1L-3, IL-4, IL-6, IL-7, IL-9, IL-13, IL-15, granulocyte-macrophage colony-stimulat-
ing factor (GM-CSF), G-CSF, prolactin, growth hormone and erythropoietin. This
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indicates that IL-2Ry belongs to the cytokine receptor superfamily. It is suggested that
IL-2Ry is required for the receptor-mediated internalization of IL-2 (Leonard et al.
1994, Murakami 2004, Nelson 2004).

Since each subunit of membrane-bound IL-2R is able to bind the ligand
independently with either low (IL-2Ra) or intermediate (IL-2Rp and vy) affinity,
different combinations of the o, B and vy chains form the three different classes of IL.-2
receptor (Cassel et al. 2002, Murakami 2004, Nelson 2004). It has been shown that
the high-affinity receptor for IL-2 consists of all three subunits combined non-
covalently and the presence of the o chain is necessary for the high-affinity IL-2R
formation (Gutgsell & Malek 1994, Cassel et al. 2002). Although resting as well as
mature activated B and T lymphocytes, monocytes, large granular lymphocytes
(LGL) and NK cells constitutively express the f and y chains, the o chain is rapidly
induced and expressed only after mononuclear cell activation. Except for a minor
subset of NK cells, non-stimulated peripheral blood lymphocytes do not express
measurable levels of high-affinity receptors. The majority of NK cells, neutrophils and
resting or IL-2-stimulated monocytes express only intermediate-affinity receptors.
Monocytes stimulated with proinflammatory cytokines do express high-affinity
receptors, but at levels far lower than NK cells or activated T cells (Cassel et al. 2002).

It seems significant that the P and y subunits are the components of other
interleukin receptors. The y chain has been called the common receptor y as it is
present in at least seven other cytokine receptors (Leonard et al. 1994). The  subunit
constitutes a part of the IL-15 receptor, the IL.-15 molecule being very similar to the
IL-2 system (Bamford et al. 1994, Morris & Waldmann 2000, Nelson 2004). This
sharing of receptors is responsible for the redundancy in their functions well known in
the cytokine network. It also helps to explain the finding that in IL-2 gene knockout
mice the immune system can still function with only slight disruption (Church 2003).

The o subunit of the IL-2 receptor

The studies of the human IL-2Ra have been markedly facilitated by the identification
of the monoclonal anti-receptor peptide antibody, termed anti-Tac, by Uchiyama
et al. (1981). Utilizing this antibody it was shown that most resting T cells, B cells or
monocytes in the circulation do not display the o subunit. It has been demonstrated
that less than 5% of freshly isolated, non-stimulated human peripheral blood T cells
react with anti-p55 antibodies. However, upon activation with different antigens or
mitogens, the IL-2Ra become expressed within 4-8 h and reach a peak of 30 000—
60 000 sites per cell approximately 48-96 h following activation (Waldmann 2002,
2007). The number of IL-2Ra declines progressively by 80-90% after 1021 days
following activation which is paralleled by a decline in an mRNA transcription for the
CD25 peptide. Also the proliferative rate of cells follows and parallels the rise and fall
in IL-2Ra expression (Rubin et al. 1985).

As it has been stated previously, the participation of the o subunit is necessary for
the forming of the high-affinity receptor (Gutgsel &Malek 1994, Cassel et al. 2002).
This is of great importance since only such receptors assure the optimal response of
immunocompetent cells to the very small concentrations of IL-2. Cells expressing
only B and y 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 o
and B subunits first, followed by heterodimerization of the afyy chains to activate the
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intracellular downstream signalling mechanisms (Church 2003). Furthermore, it has
been demonstrated by Eicher and Waldmann (1998) that IL-2Ra on one cell can
augment the IL-2 signalling by presenting IL.-2 to the IL-2Rp/y on another cell. These
findings suggest that the magnitude and duration of IL-2Ra expression may reflect the
magnitude of clone expansion and the resultant immune responses. This phenomenon
is of great importance in proper functioning of all the immunological processes
depending on IL-2. This may explain in part the diminished immunocompetence in
patients with decreased IL.-2 production or the impairment of IL-2Ra expression and
function on effector cells (Burton & Kay 1994, Roifman 2000).

In humans with neoplastic disease, IL.-2Ra is expressed both on normal activated
lymphocytes and monocytes and on the proportion of non-stimulated malignant cells.
Specifically, virtually all patients with human T-cell lymphotropic virus-1 (HTLV-1)-
associated adult T-cell leukaemia (ATL) and hairy cell leukaemia (HCL) constitu-
tively express very large amounts of IL-2Ra on their cell surfaces (Ambrosetti et al.
1993b, Horiuchi et al. 1997, Waldmann 2002). The CD25 peptide has also been
demonstrated on some leukaemic cells, including B-cell chronic lymphoblastic
leukaemia (B-CLL) and acute lymphoblastic leukaemia (ALL) (Burton & Kay
1994, Nakase et al. 1994a,b) and chronic myeloproliferative diseases (Panteli et al.
2005). Atypical cells of most malignant lymphomas, both Hodgkin’s lymphoma (HL)
and non-Hodgkin’s lymphoma (NHL), express the CD25 antigen in a great
proportion of cases (Tesch et al. 1993, Nakase et al. 1994a, Waldmann 2002,
2007). Although the precise biological role of IL-2Ra expression in these malignant
disorders is not clear, it may be involved in stimulating proliferation of the neoplastic
cells (Nakase et al. 1994b, Waldmann 2002, 2007). Several studies have proved,
however, that not only the lymphoid cancer cells, but also that some non-lymphoid
cancer cells, express IL.-2R. They include malignant melanoma, renal cell carcinoma,
head and neck, oesophageal and lung and, most probably, colorectal cancers (Rimoldi
et al. 1993, Yano et al. 1996, Wang et al. 2000, Tartour et al. 2001, Huang 2002).

IL-2 receptor — soluble form of its alpha subunit (sIL-2Ra)

In addition to the membrane-bound form of the IL-2Ra, a soluble form of this
receptor (sIL-2Ra) was found to be released spontaneously in the culture super-
natants of n vitro cultured T cells after stimulation with lectins and mitogens. Rubin
et al. have proven that the soluble form of the o chain is smaller than its membrane
counterpart (45 vs. 55 kDa), but it keeps the ability to bind IL-2 efficiently (Rubin
et al. 1985, 1986). An enzyme-linked immunosorbent assay (ELISA) with the use of
two non-competitive murine anti-human IL-2Ra antibodies (anti-Tac and 7G7/B6)
has enabled the detection and quantification of the released soluble form of the CD25
molecule (Waldmann 1991, 2007). Nowadays there are several commercially available
ELISA kits for soluble IL-2Ra measurements in body fluids with simple and not work-
consuming methodology.

sIL.-2Ra has been shown to be present in the serum and other body fluids of healthy
individuals and its level (approximately 100-500 U ml~*; 1 IU =3.3 pg) reflects the
activation of innate immunological responses occurring under physiological stimuli
(Rubin et al. 1985). The release of soluble CD25 is proportional to its cell surface
expression (Junghans & Waldmann 1996). It is excreted and catabolized by the
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kidneys and has a serum half-life of 0.62 h. In renal failure the serum level of sIL-2Ra
is increased due to its decreased catabolism (Morris & Waldmann 2000).

Komp et al. were the first to report that serum sIL-2Ra levels in healthy children
were much higher than in adults and that they significantly increased with age (Komp
et al. 1988). This phenomenon was later confirmed by others (Fujita et al. 2005, Bien
et al. 2006). No important sex-related differences in sIL-2Ra levels were stated
(Sadeghi et al. 2005). Moreover the plasma levels of sIL.-2Ra did not differ
significantly between nocturnal sleep and nocturnal wakefulness. There were also
no significant diurnal variations for levels of the receptor in the study of Haack et al.
(2004).

Increased serum levels of sIL-2Ra in non-cancerous disorders

Elevated serum levels of sIL-2Ra have been found in a variety of autoimmune and
inflammatory diseases (Table I). They include rheumatoid arthritis, multiple sclerosis,
systemic lupus erythematosus, systemic sclerosis, myasthenia gravis, aplastic anaemia,
Crohn’s disease, celiac disease, sarcoidosis, non-infectious uveitis, toxic epidermal
necrolysis, tropical spastic paraparesis, Bell’s palsy, asthma and many others
(Heaney & Golde 1996, 1998, Dejica 2001, Correia et al. 2002, Romaldini et al.
2002, Yilmaz et al. 2002, Grutters et al. 2003, Lis & Brzezinska-Wcislo 2003, Gustot
et al. 2005, Witkowska 2005, Kuuliala et al. 2005, 2006, Can et al. 2006, Fukushima
et al. 2007). Soluble IL-2Ra has also been shown to increase in most viral and
bacterial infections (including chronic hepatitis B and C, febrile neutropenia,
pneumonia, brucellosis, Lyme disease and latent tuberculosis (Fawcett et al. 1993,
Soker et al. 2001, Matsuno et al. 2003, Makis et al. 2005, Shitrit et al. 2006, Xiao
et al. 2006). Daily monitoring during the early course after liver transplantation has
demonstrated the clinical relevance of serum sIL.-2Ra as an early marker of acute liver
graft rejection (Warlé et al. 2003b). It has also been shown to correlate with the
severity of graft-versus-host disease following bone marrow transplantation (Kami
et al. 2000). sIL-2Ra has proven to be an extremely important and valuable marker of
the course of Langerhans cell histiocytosis in children (Ishii et al. 2006).

In these above-mentioned situations, the reason for having increased circulating
sIL.-2R is uncertain and may represent a non-specific response to inflammation or
stress. In some instances serial determination of the receptor may be useful in the
monitoring of disease severity and also in predicting and following of the response to
anti-inflammatory therapies (Fawcett et al. 1993, Warlé et al. 2003a,b).

Soluble IL-2Ra as a marker of neoplastic diseases

The biological mechanisms underlying the increase of sIL.-2Ra in serum and other
body fluids in the course of malignant processes have not been defined clearly. It has
been shown that in most neoplastic haematological conditions, especially in ATL and
HCL, sIL-2Ra is released by neoplastic cells constitutively expressing CD25 antigen
on their membrane (Ambrosetti et al. 1993b, Arun et al. 2000, Zhang et al. 2006).
Thus the serum level of sIL.-2Ra in most lymphoproliferative has been suggested to
reflect directly the burden of the malignant transformed cells and the disease activity.
In these situations sIL.-2Ra may act as a true neoplastic marker. In patients with solid
tumours the biological source and role of sIL.-2Ra is more complex. The expression of
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Table I. Disorders associated with the increased serum soluble interleukin (IL)-2 receptor o concentrations.

Allograft

Autoimmune diseases Neoplasia rejection Infections Other
Aplastic anaemia Leukaemias: Renal Brucellosis Drugs
Asthma Acute myelocytic Liver Chronic In vivo IL-2
Behget’s syndrome leukaemia Cardiac hepatitis B administration
Bell’s palsy Adult T-cell leukaemia/ Bone and C Febrile In vivo G-CSF
Bipolar disorder lymphoma marrow neutropenia administration
Celiac disease Chronic lymphocytic HIV/AIDS General
Crohn’s disease leukaemia Infectious anaesthesia
Giant cell arteritis Chronic myelocytic mononucleosis End-stage renal
Idiopathic leukaemia Lyme disease  disease

thrombocytopenic Hairy cell leukaemia Pneumonia Veno-occlusive

purpura Acute lymphoblastic Pulmonary disease
Juvenile rheumatoid leukaemia tuberculosis Graft-versus-host

arthritis Lymphomas: Rubella disease
Kawasaki disease Anaplastic large-cell Sepsis Langerhans cell
Multiple sclerosis lymphoma histiocytosis
Myasthenia gravis Cutaneous T-cell lymphoma Burns

Nephrotic syndrome

Non-infectious uveitis
Polymalgia rheumatica

Rheumatoid arthritis
Sarcoidosis
Scleroderma
Systemic sclerosis
Sjogren’s syndrome
Systemic lupus
erythmatosus
Vasculitis
Wegerner’s
granulomatosis
Toxic epidermal
necrolysis
Tropical spastic
paraparesis

Mycosis fungoides
Non-Hodgkin’s lymphomas
(B cell)

Hodgkin’s lymphoma
Peripheral T-cell
lymphomas

Multiple myeloma
Malignant solid tumours:
Malignant melanoma

Soft tissue sarcomas

Head and neck cancer
Nasopharyngeal carcinoma
Breast cancer

Carcinomas of the lungs
Cancer of the oesophagus,
pancreas, stomach

Renal cell cancer
Hepatocellular carcinoma
Ovarian cancer

Colorectal cancer
Childhood neoplasia:

Acute lymphoblastic
leukaemia

Hodgkin’s and
non-Hodgkin’s lymphomas
Wilms’ tumour

Sarcomas of bone and

soft tissues
Haemophagocytic-histiocytic
syndrome

membrane-bound IL-2Ra has been stated in the cell lines of some histological types of
malignant solid neoplasms (Rimoldi et al. 1993, Yano et al. 1996, Wang et al. 2000,
Tartour et al. 2001). It is suggested that elevated sIL-2Ra levels in body fluids of
patients with most solid tumours reflect the augmented release of this receptor from
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normal lymphoid cells activated in response to tumour growth. However, some
authors postulate that increased levels of sIL-2Ra do not originate from activated
peripheral blood mononuclear cells but are most probably released from activated
lymphoid cells infiltrating neoplastic tissues (Trentin et al. 1994, Frydecka & Mazur
1996, Tartour et al. 2001, Sakata et al. 2002, Zhang et al. 2006). These cells have
been shown to express CD25 on their surface (Trentin et al. 1994, Tartour et al. 2001,
Sakata et al. 2002). In patients with advanced stages of mycosis fungoides the initial
sIL-2Ra level was elevated and accompanied the increase in concentrations of acute-
phase proteins and a decrease in their reactivity with Con A. This phenomenon was
explained as the result of T-helper lymphocyte activation (Pawlaczyk & Sobieska
2006). On the other hand, in colorectal cancer patients it is unclear whether the
presence of sIL-2Ra in the serum is solely due to T-cell activation. The study of
Huang et al. (2002) suggested that there might be an additional source of serum sIL-
2Ra other than T-cell upregulation. It might be released either from other immune
cells or from tumour products.

Irrespective of whether sIL-2R expression is increased in response to a non-specific
stimulus such as inflammation or results directly from release from proliferating
tumour cells, it is important to consider that sIL-2R is likely to have intrinsic
biological activity and may act as an immunosuppressant. Therefore many literature
studies have been focused on the clinical applicability of sIL.-2Ra as an indicator of
neoplasm behaviour. In many types of human neoplastic disorders the pretreatment
serum levels of sIL-2Ra have been shown to reflect the activity, advancement and
biological aggressiveness of cancer as well as to correlate with prognosis and overall
survival.

Significance of sIL-2Ra in diagnostics of adult malignancies
Lymphoproliferative disorders

Highly increased sIL-2Ra levels, compared with those in healthy people, have been
reporteded at diagnosis of the majority of malignant disorders of adults, predomi-
nantly of lymphoproliferative origin (shown in Table I). They encompass HCL
(Ambrosetti et al. 1993b, Arun et al. 2000), ATL (Zhang et al. 2006), HLL. and NHL
(Ambrosetti et al. 1993a, Stasi et al. 1994, Viviani et al. 1998, Wakao et al. 2002, Goto
et al. 2005, Nakase et al. 2005, Fabre-Guillevin et al. 2006), cutaneous T-cell
lymphoma (CTCL) (Hassel et al. 2004), anaplastic large-cell lymphoma (ALCL)
(Janik et al. 2004), acute lymphoblastic anaemia (ALL) (Moon et al. 2004, Lee
et al. 2005, Nakase et al. 2005), chronic lymphoblastic leukaemia (CLL) (Hadj
2005), multiple myeloma (Kuku et al. 2005) and many others (Dummer et al. 1992,
Burton & Kay 1994, Murakami 2004).

The highest reported levels of the serum sIL-2Ra were reported in adult patients
with ATL and HCL (69000 and 48000 U ml ', respectively) (Ambrosetti et al.
1993b, Zhang et al. 2006). Similarly, the serum sIL-2Ra levels in patients with
aggressive NHL have been reported to be more than 10 times higher than in healthy
controls (Stasi et al. 1994). In the report of Viviani et al. (1998) baseline sIL-2R levels
in 174 untreated patients with HL were significantly higher than in 65 healthy control
subjects (18424129 Uml ™! vs. 420+10 Uml ™}, p <0.0001). Janik et al. (2004)
have shown that serum sIL-2Ra levels were elevated in seven of nine patients with
ALCL, mainly those positive for the anaplastic lymphoma kinase (ALK) gene.
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Patients negative for ALK had normal serum sIL-2Ra levels and their tumours lacked
CD25 expression.

Increased concentration of soluble IL-2Ra in cerebrospinal fluid (CSF) was also
found a reliable marker indicating central nervous system (CNS) involvement in adult
patients with ALL (Lee et al. 2005). The sIL2-Ro level of >10Uml ! in
conjunction with conventional cytology and the CSF leukocyte count might serve
as an objective indicator of CNS involvement (displaying the sensitivity of 89.5% and
the specificity of 89.6%). The study proved that the discrimination power of CSF
sIL.2-Ra for the presence of leukaemic blasts was better than that of CSF leukocyte
counts. The other analyzed markers including: total protein, uric acid, glucose,
aspartate aminotransferase and lactate dehydrogenase (LDH) were not significantly
different in cytology (+) and cytology ( —) samples.

Malignant solid tumours

In contrast to lymphoproliferative disorders, most malignant solid tumours are not
usually associated with significantly increased serum level of sIL-2Ra at diagnosis
unless when diagnosed in the generalized phase of disease (Lissoni et al. 1990, Nakase
et al. 2005). Elevated mean pretreatment levels of the receptor have been reported in
adult patients with malignant melanomas (Boyano et al. 2000), soft tissue sarcomas
(Rutkowski et al. 2002) and carcinomas of the lungs (Kawashima et al. 2000,
Sieminska 2004, Kaminska et al. 2006), pancreas (Kayhan et al. 2004), stomach
(Murakami et al. 2002), kidney (Kallio et al. 2001), colon (Sakata et al. 2002), liver
(Izzo et al. 1999, Parasole et al. 2001) and ovary (Frydecka et al. 1996, Sedlaczek
et al. 2002) (Table I). In patients with primary or metastatic brain tumours serum
levels of sIL-2R vary significantly, tending to be increased in the minority of cases
(Yoshida & Morii 2000).

Nakase et al. (2005) have shown significantly higher sIL-2Ra levels both in
haematological and non-haematological neoplasms compared with normal subjects.
However, compared with solid malignancies, haematological neoplasms displayed a
wide range of sIL-2Ra levels and extremely elevated values of the receptor were seen
in certain cases. The authors suggested that sIL-2Ra levels might serve as one of the
non-invasive markers for differential diagnosis between haematological and solid
malignancy. Similar observations have been made by Bien et al. (2006) in children
with leukaemias and lymphomas and malignant solid tumours.

Correlation of initial sIL-2Ra serum levels with the clinical stage and activity
of neoplasms

Apart from the early and proper diagnosis of a neoplasm it is important to assess its
clinical advancement and biological aggressiveness. This enables choice of the optimal
treatment strategy for particular patients resulting in better outcome and survival rate.
Unfortunately, the data on the clinical usefulness of sIL.-2Ra as a marker of cancer
stage are not unified.

The pretreatment serum levels of sIL-2Ra have been shown to reflect the tumour
burden, activity and advancement of most neoplasms in adults. They comprised
presumably lymphoproliferative disorders (mainly HL. and NHL), but also several
types of solid tumours: of ovary, colon, kidney, head and neck, stomach and malignant
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melanoma (Lissoni et al. 1990, Ambrosetti et al. 1993a, Berghella et al. 1998, Viviani
et al. 1998, Boyano et al. 2000, Kallio et al. 2001, Tartour et al. 2001, Sakata et al.
2002, Hassel et al. 2004).

Among patients with HLL. and NHL the presence of constitutional symptoms and
bulky disease at diagnosis has been reported to be associated with poorer prognosis.
Accordingly, highly elevated pretreatment levels of sIL-2Ra were observed in patients
with advanced HL. and NHL, displaying constitutional symptoms and/or bulky
disease (Ambrosetti et al. 1993a, Pui et al. 1993). Hassel et al. (2004) demonstrated
that serum sIL-2Ra correlated well with tumour burden in 41 patients with CTCL,
which might be useful for disease monitoring during treatment.

In patients with malignant solid tumours the correlation of sIL.-2Ra with stage
depends on the type of cancer. The mean values of sIL.-2Ra in patients with malignant
melanoma were significantly higher in all stages than in normal controls; whereas in
patients with renal cell cancer they increased with disease stage (Kallio et al. 2001,
Goto et al. 2005). In contrast, there has been no correlation between initial serum sIL-
2Ra concentration and the stage of breast cancer (Tesarova et al. 2000). Also in
pancreatic adenocarcinoma and non-small-cell lung cancer the serum sIL-2Ra
showed no association with tumour stage, histological grading and tumour size
(Gansauge et al. 1998, Kaminska et al. 2006). Moreover, Gansauge et al. noted a
trend toward lower sIL-2Ra concentration in patients with distant metastases, which
was in opposition to most other studies.

Treatment monitoring with the serial serum sIL-2Ra measurements

Apart from the immediate diagnosis it is crucial to estimate the response to anti-
tumour therapy. There have been several reports on the clinical significance of serial
serum sIL-2Ra levels measurement during oncological therapy of some malignancies.
However, the limitations of most of these studies are small groups of analyzed
patients.

The significant correlation of sIL.-2Ra levels with disease course and response to
treatment has been shown in the majority of lymphoproliferative disorders, including
HCL, ATL, ALL, HL and different types of NHL (Ambrosetti et al. 1993a,b, Stasi et
al. 1994, Janik et al. 2004, Moon et al. 2004, Wakao et al. 2002, Zhang et al. 2006) as
well as in some types of malignant solid tumours of adults. In the reports of
Ambrosetti et al. (1993a) and Viviani et al. (1998) the highly elevated pretreatment
serum levels of sIL-2Ra observed in adult patients with HL. decreased significantly
following good response to chemotherapy. However, the values of the receptor
determined in the CR phase of disease were still much higher than these obtained after
therapy termination and in the control group of healthy adults. The serum level of the
sIL.-2Ra was shown to return to normal range not before a year after stopping the
treatment. After a median follow-up of 5 years, sIL-2R levels remained low in 114
patients in continuous CR, while they increased in nine out of 12 patients (75%) who
relapsed. However, a temporary increase was also observed in six patients (5%) still in
CR. Similarly, in the report of Vonderheid et al. (1998), 36 patients with advanced
CTCL underwent serial measurements of sIL-2Ra levels during treatment with
extracorporeal photopheresis and other modalities. The concentration of serum
sIL-2Ra correlated well with the disease status and was more useful than LDH or
Sézary cell count monitoring. In 14 newly diagnosed patients with multiple myeloma
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Kuku et al. (2005) observed a significant reduction of the serum level of sIL.-2Ra and
several other proinflammatory cytokines (IL-1pB, IL-6, IL.-8, tumour necrosis factor
(TNF)-a and C-reactive protein) after the VAD (vincristine—adriamycin—dexametha-
sone) chemotherapy. The authors concluded that analyzed mediators which were
thought to play an important role in the pathogenesis of multiple myeloma were
significantly suppressed by effective treatment. Also Janik et al. (2004) observed a
significant decrease of serum sIL-2Ra levels in seven of nine patients with ALCL
responding to chemotherapy and an increase in both patients developing tumour
recurrence. An interesting report of Wakao et al. (2002) has proved the clinical
usefulness of serial determinations of sII.-2Ra in predicting of the recurrence in
patients with malignant lymphomas. In 13 relapsed patients logarithmic linear
increases of sIL.-2Ra were observed and they preceded the recurrence for over
10 months. In contrast, in 15 patients achieving and maintaining complete remission
for more than 2 years, serum levels of sIL.-2Ra were unchanged or decreased
gradually. The authors concluded that serum sIL-2Ra is a better predictor of
malignant lymphoma relapse than LDH and the international prognostic index.

The studies concerning clinical monitoring of serum sIL.-2Ra during the course of
solid tumours are not numerous and have many diverse conclusions. Frydecka et al.
(1996b) has shown the usefulness of the serial measurements of serum sIL-2Ra levels
in women with uterine and cervical cancer. Similarly, Boyano et al. (2000) reported
that mean values of sIL-2Ra were significantly higher in patients with all stages of
malignant melanoma than in normal controls and correlated with the disease
progression. Statistical analysis showed that only sex, stage and sIL.-2Ra value were
the factors significantly associated with metastatic progression in melanoma patients.
In contrast, Brunetti et al. (1999) and Lissoni et al. (1990) failed to prove any clinical
use of serial determination of sIL-2Ra in patients with lung cancer and gastric,
colorectal and breast cancer. Also, Tesarova et al. (2000) did not observe any
influence of therapy administered to 31 women with different stages of breast cancer
on the serum sIL-2Ra concentration.

Prognostic value of the pretreatment sIL-2Ra serum levels

Data on the significance of pretreatment sIL.-2Ra as a prognostic marker in cancers of
adults are controversial. Lissoni et al. (1990) did not show any correlation between the
initial sIL.-2Ra level and subsequent course and outcome in adult patients with cancer
of lungs, larynx, bronchi, stomach and breast. Also, the study of Parasole et al. (2001)
did not confirm any predictive value of sIL.-2Ra in hepatocellular cancer (HCC)
patients. Pretreatment determination of this marker did not appear superior to the
CLIP score used in practice for staging of HCC.

In contrast, several other studies emphasize the prognostic value of sIL-2Ra
determination as regards the risk of neoplasm relapse or chance for long-term survival.
Furthermore, in patients with malignant melanoma (Boyano et al. 2000, Ottaiano
et al. 2006), head and neck cancer (Tartour et al. 2001), nasopharyngeal carcinoma
(Wu et al. 1998) and NHL (Vonderheid et al. 1998, Goto et al. 2005) sIL-2Ra was
proved to be the most precise marker associated with prognosis of local and distant
recurrence. In the report of Kawashima et al. (2000) elevated preoperative serum sIL-
2Ra concentration in patients with operable non-small-cell lung cancer was shown to
reflect the occurrence of intrapulmonary metastases with over 87% sensitivity.
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Similarly, Tartour et al. (2001) found that high sIL-2Ra concentrations at time of
diagnosis were highly correlated with a shorter survival and higher risk of metastasis
development within a 3-year follow-up in a cohort of 234 patients with head and neck
squamous cell carcinoma. Thus, the authors suggested that serum sIL-2Ra could be
employed in head and neck cancers as an independent prognostic marker. Also,
Ottaiano et al. (2006) proved that sIL.-2Ra could be an independent prognostic factor
in patients with malignant melanoma. High initial values of the receptor or values
increasing up to or more than 600 Uml ' during follow-up were associated with
higher Breslow tumour thickness, progression of the tumour and significantly lower
5-year disease-free survival rate.

Similarly, in adult patients with HL initial serum levels of sIL-2Ra correlated
with subsequent disease course. The risk of HL recurrence in patients with a
pretreatment sIL-2Ra level exceeding 1500 U ml ™! was 16.4% while in those with
sIL-2Ro. <1500 Uml ! it was only 1.5% (Ambrosetti et al. 1993a). Viviani et al.
(1998) observed that the pretreatment values of sIL.-2Ra may be an indication of
disease outcome similar to other conventional prognostic factors, such as number of
involved sites, presence of B symptoms and extranodal extent. The study of Arun et al.
(2000) showed that sIL-2R levels increase only in patients with HCL who go on to
relapse. sIL-2Ra levels doubled a mean of 17.1 months (range 4-36 months) before
absolute granulocyte count decreased by 50%. Thus, rising serum sIL-2Ro level
identified those with an increased risk of relapse who needed more frequent
observation than patients who maintained a sIL-2Ra level.

Significant correlation among high initial levels of sIL.-2Ra and shorter overall
survival were reported in both malignant solid tumours (Tartour et al. 2001, Huang
et al. 2002, Ottaiano et al. 2006) and lymphoproliferative disorders (Ambrosetti et al.
1993a, Goto et al. 2005, Schiitt et al. 2005). The usefulness of sIL-2Ra to
prognosticate the probability of overall survival (OS) has been proved particularly in
patients with HLL. and NHL.. In 113 patients with previously untreated aggressive NHL
high serum sIL-2Ro levels at onset (2000 Uml ™' and over) were associated with
significantly lower survival rates than low sIL.-2Ra levels (5-year OS of 24% vs. 74%).
In addition, the initial sIL-2Ra concentration was shown to be a useful biomarker for
selecting appropriate treatment when used in combination with the International
Prognostic Index. The patients in the high-risk group and those with high sII.-2Ra in
the low intermediate/high intermediate risk group had significantly lower survival rates
than the patients in the low-risk group and those with low sIL-2Ra in the low
intermediate/high intermediate risk group (Goto et al. 2005). In patients with multiple
myeloma treated with thalidomide in combination with dexamethasone, the serum
level of sIL-2R appeared to be a predictive factor for response rate and for survival
(Schiitt et al. 2005).

Clinical significance of sIL-2Ra in malignant disorders occurring in
childhood

Neoplastic disease of childhood comprises a broad spectrum of malignant disorders
characterized by multiple histopathological, clinical and biological features, very
different from those in adults. Reports concerning clinical usefulness of sIL.-2Ra in
neoplasms typical for paediatric age are not numerous and predominantly focus only
on the analysis of the pretreatment CD25 level (Pui et al. 1987, 1988, 1989, 1993,
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Bodey et al. 1996, Bien et al. 2006, 2007). Types of childhood neoplasia associated
with elevated sIL.-2Ra are presented in Table 1.

Pui et al. are the authors who have studied the problem of sIL.-2Ra in children with
various types of malignancies most extensively (1987, 1988, 1989, 1993). They
showed that serum levels of sIL-2Ra at diagnosis in children with ALL, NHL and HL.
were highly elevated and exceeded those of the control group. However, Komp et al.
(1988) questioned the results of Pui et al. obtained in children with NHL (1987)
because of the improperly matched control group. Komp et al. (1988) were the first to
show that serum sIL-2Ra levels in healthy children were much higher than in adults
and that they significantly changed with age with highest levels observed in infants and
young children. Based on the sIL.-2Ra measurements in sera of 122 healthy children
aged from 0 (umbilical blood) to 15 years, Komp et al. estimated the reference ranges
for sIL-2Ra in particular age series. This report is of great clinical importance since it
implies the necessity to create the age-adjusted control group or to express each
obtained sIL.-2Ra value as a multiplication of the upper limit of the reference range
assessed for a particular age of the patient (Fujita et al. 2005, Bien et al. 2006).

The only studies concerning the usefulness of sIL-2Ra in paediatric malignant solid
tumours come from Pui et al. (1993), Bodey et al. (1996) and Bien et al. (2006,
2007). The study of Pui et al. considered children diagnosed with Wilms’ tumour and
sarcomas of bone and soft tissues as well as children with HL. The values of sIL.-2Ra
obtained in particular types of neoplasms were not compared with the control group
of healthy children but only between the localized and disseminated phases of cancer.
The report showed clearly different behaviour of solid paediatric tumours and HL
which probably resulted from distinct cell biology of these malignancies. Bien at al.
(2007) suggested that sIL.-2Ra could be a useful diagnostic marker since the median
pretreatment serum levels of the receptor as well as the rates of elevated sIL-2Ra
values in 18 children with Wilms’ tumour and soft tissue sarcomas exceeded
significantly the results obtained in healthy controls.

Pui et al. also investigated the prognostic significance of sIL.-2Ra levels determined
at diagnosis of some lymphoproliferative disorders. Among children with HL. (Pui et
al. 1989, 1993), NHL (Pui et al. 1987) and ALL (Pui et al. 1988), they showed a
correlation between pretreatment sIL-2Ra concentrations and the rate of overall
survival. Multivariate analysis performed in children with NHL proved that serum
level of sIL.-2Ra had a significantly higher predictive value than LDH concentration
and disease stage. Thus, the authors suggested the determination of sIL.-2Ra to be
implemented in diagnostic and prognostic protocols for HL in children. Similarly,
Viviani et al. (1998) stated that pretreatment sIL.-2Ra levels in children with HL. were
significantly associated with the presence of constitutional symptoms. Bien et al.
(2006) observed significantly higher sIL.-2R levels in advanced stages of solid tumours
and malignant lymphomas and in children with HL. and NHL with general symptoms
and bulky disease presentation. However, in a cohort of 344 newly diagnosed children
with ALL multivariate analyses showed no correlation of the receptor with age, sex,
race, leukocyte count, blasts count, LDH level, liver and spleen sizes, FAB
classification and CNS involvement (Pui et al. 1988).

To the best of our knowledge there have been only two published studies concerning
the usefulness of sIL.-2Ra monitoring in children with cancer. Komp et al. (1989)
reported that chemotherapy applied to nine children with haemophagocytic—
histiocytic syndrome resulted in dramatic reduction of extremely high pretreatment
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sIL-2Ra levels towards the normal range established for each particular age of patients
at the time of examinations. The limitation of this report was the small number of
patients included in the study and the fact that not all children were examined at all
stages of disease. Probably the first report on the role of serial serum CD25 antigen
monitoring in children with solid malignancies (including Wilms’ tumour and soft
tissue sarcomas) has been published recently in Biomarkers (Bien et al. 2007). In this
study it was found that good response to anti-tumour therapy was paralleled with
significant decline of pretreatment sIL-2Ra levels and decrease of its elevated rates.
Thus, the authors suggested that sIL-2Ra serial measurements might be of some value
in both diagnostics and treatment monitoring in childhood Wilms’ tumour and
sarcomas. This statement may be of special interest as these tumours lack any specific
biochemical markers able to supplement the diagnostic and prognostic methods used
in everyday oncological practice.

IL-2Ra as a target for immunotherapy
The rationale for targeting the o subunit of the IL-2 receptor

Immunotherapy of cancer has always been a very attractive fourth-modality
therapeutic approach. The identification of tumour antigens has offered new
perspectives and provided new opportunities for more accurate immunotherapy for
cancer (Rosenberg et al. 2004, de Pillis et al. 2006, Volkland et al. 2007).
Immunotherapy falls into three main categories: immune response modifiers, vaccines
and monoclonal antibodies. The monoclonal antibodies are currently being developed
to target specific cancer antigens. Since they are able to distinguish between normal
and cancer cells, they may be used both in cancer diagnostics and treatment (Chouaib
et al. 2002, Hadj 2005, Qu et al. 2005).

As mentioned above, in 1981 Uchiyama and co-workers discovered and produced
the monoclonal antibody, termed anti-Tac, directed toward the o subunit of the IL.-2
receptor. This antibody (later termed anti-CD25) played a crucial role in the
understanding of the significance of the IL-2/IL-2R system in the physiological and
abnormal immune responses (Uchiyama et al. 1981). ILL.-2Ra has been shown to be an
exceptionally valuable target for immunotherapy because, physiologically, it is not
expressed by resting T and B cells, and only 5% of the circulating lymphocytes express
IL-2Ra at a very low level. The remaining mature T and B lymphocytes start to
express the o subunit only after stimulation with cytokines, e.g. IL-1, IL-6 and TNF
(Waldmann 1991, 2002, 2007, Church 2003). However, in several disorders the o
subunit of the IL-2 receptor has been shown to be expressed on the cell surface. They
include organ-allograft rejection, T cell-mediated autoimmune diseases and certain
haematological malignancies. In particular, ATL, HCL, acute and chronic granulo-
cytic leukaemia, HL. and CTCL have been shown to be constitutively expressing the o
subunit on their cellular surface. In contrast, in certain T cell-mediated diseases, such
as transplant rejection or autoimmune diseases, the o subunit of the IL.-2 receptor is
expressed as a result of T-cell activation, which occurs predominantly in the area of the
pathology, for example the synovial fluid in rheumatoid arthritis (Waldmann 1991,
2007, Linares et al. 2004, Nelson 2004, Witkowska 2005).

These observations provided the scientific rationale for the initiation of therapeutic
studies with the anti-IL-2Ra monoclonal antibody (Waldmann 2002, 2007). Such
IL-2Ra directed agents could theoretically eliminate CD25-expressing leukaemic cells
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or activated T cells and their precursors involved in other disease states and in
allograft rejection, while retaining the CD25 negative, normal T cells. It is suggested
that the application of specific anti-IL.-2a receptor antibodies in these diseases will
cause maximum damage to the pathogenic cells with minimal side-effects to other
non-o subunit expressing cells.

Specific anti-IL-20 receptor antibodies

The initial discovery of the o subunit of the receptor complex was by the development
of a murine monoclonal antibody against activated T cells and this was named anti-
Tac (Uchiyama et al. 1981). 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 the problem that mouse antibodies
were strongly immunogenic in humans. In the vast majority of clinical studies their
usefulness was limited because they induced an immune response that neutralized
their therapeutic effect (Qu et al. 2005, Tsurushita et al. 2005).

To overcome these problems, genetic engineering has created chimeric and
humanized forms of the murine anti-Tac antibody. These reagents have maintained
the exquisite specificity and affinity to the tumour antigens but with reduced
immunogenicity and toxicity in humans. Currently, two marketed specific anti-IL-
20R antibodies exist, called basiliximab and daclizumab. Basiliximab (Simulect®) is a
chimeric monoclonal antibody produced by recombinant DNA techniques from a
mouse myeloma cell line, in which 75% of the sequence has been humanized.
Daclizumab (Zenapax®) is a humanized monoclonal antibody with approximately
90% of the murine sequence replaced by human sequences. The two antibodies are
administered on different dose schedules because of their different pharmacokinetic
profiles (Pascual et al. 2001, Church 2003, van Gelder et al. 2004).

Further adaptations have been made to the anti-IL.-2R antibodies to increase their
utility in treatment of particular diseases. These include the creation of the
radiolabelled anti-CD25 constructs and immunotoxin-linked conjugates (Qu et al.
2005). Both o~ and B-emitting radioisotopes have been attached to the antibody,
including bismuth-212 and yttrium-90. The radiolabelled antibodies 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. An alternate approach is the use of natural ligands of cells,
such as ILL-2, linked to toxins, such as diphtheria toxin, ricin toxin and Pseudomonas
toxin, to target the IL-2 receptor and selectively kill IL-2 receptor-bearing cells
(Linares et al. 2004).

Clinical effectiveness of the IL-2Ro targeted therapy

The administration of the humanized or chimeric forms of anti-IL-2Ra antibody
proved to be of special value in the treatment of many T cell-mediated disorders
including organ-allograft rejection, graft-versus-host disease in bone marrow recipi-
ents, several T cell-mediated autoimmune disorders and haematological malignancies.
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Anti-IL-2 receptors — both daclizumab and basiliximab —have been proved effective
in reducing the rate of acute rejection in kidney transplantation and also in improv-
ing both the rate of graft and patient survival. Daclizumab was also of value as an
induction immunosuppression in immunologically high-risk kidney transplant
patients compared with normally low-risk patients (Swiatecka-Urban 2003, Jirasiri-
tham et al. 2004, Tsurushita et al. 2005). Clinical use of anti-IL.-2R antibodies has
also contributed to the substantial reduction of acute liver and cardiac allograft
rejection episodes both in children and adults (Lietz et al. 2003, Orr et al. 2005).
Administration of the anti-CD25 antibodies also proved effective in decreasing the
severity of graft-versus-host disease in patients undergoing HLLA-matched allogeneic
bone marrow transplantation (Morris & Waldmann 2000, Przepiorka et al. 2000,
Waldmann 2002, 2007). In addition to the effectiveness of anti-IL-2Ra antibodies in
the prevention of organ-allograft rejection, it was shown that they are of value in the
treatment of several T cell-mediated autoimmune disorders. In particular, daclizumab
provided effective therapy for patients with non-infectious uveitis who were able to be
weaned off their systemic immunosuppressive medications (Nussenblatt et al. 2003).
Furthermore, patients with multiple sclerosis failing B-interferon therapy demon-
strated a 78% reduction in the development of gadolinium-enhanced MRI lesions
while on therapy with daclizumab (Bielekova et al. 2004). In addition, daclizumab
seems to be a promising therapeutic option for patients with moderate aplastic
anaemia and acquired pure red cell aplasia (Maciejewski et al. 2003, Sloand et al.
2006). Basiliximab has also been used successfully in the treatment of patients with
severe psoriasis (Owen & Harrison 2000), epidermolysis bullosa acquisita (Haufs &
Haneke 2001), severe chronic atopic dermatitis (Kagi & Heyer 2001) and several
other inflammatory diseases (Church 2003).

IL-2R-targeted treatment of neoplasia

IL-2Ra-targeted treatment has shown promise in the treatment of several CD25-
expressing human malignancies. The ability of anti-CD25 to block the binding of a
specific cytokine growth factor (IL-2) to its receptor may inhibit the proliferation of
the malignant cells over expressing IL-2Ra. As mentioned above, these cells originate
from adult T-cell leukaemia/lymphoma, mycosis fungoides, peripheral T-cell lympho-
mas, HCL, Reed-Sternberg cells, anaplastic large-cell lymphoma and some B-cell
neoplasms. The therapeutic trials of anti-CD25 started with ATL as the prototypical
disease. ATL is an aggressive lymphoproliferative disorder caused by infection with
the HTLV-1. The median survival for patients with acute form of ATL is very short
with relatively few patients responding to chemotherapy or combination of interferon-
alfa and zidovudine. Beginning in the 1980s, Waldmann and colleagues initiated a
series of clinical trials with the use of monoclonal anti-CD25 antibodies as a
therapeutic approach to ATL. The trials started with application of the unmodified
murine anti-Tac; however, its efficacy appeared to be limited and led to the alternative
approach of using this antibody as a carrier of cytotoxic agents such as toxins or
radionuclides (Morris & Waldmann 2000, Waldmann 2007). The therapy with
murine anti-Tac armed with the a-emitting isotope yttrium-90 and, more recently,
°9Y-labelled humanized anti-Tac (HAT) administered to patients with HTLV-I-
associated ATL and the neurological disease, HTLV-1-associated myelopathy/tropical
spastic paraparesis (HAM/TSP) was shown to produce remissions in over 50% of the
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patients with ATL and 70% of patients with HL. (O’Mahony et al. 2006, Fukushima
et al. 2007, Waldmann 2007).

Other approaches to IL-2R-targeted treatment of cancer have been the use of
ligand—toxin fusion proteins and immunotoxins (Volkland et al. 2007). DAB389IL.-2
is a 58 kDa fusion protein engineered between the domains of diphtheria toxin and
human I1-2 able to direct cytocidal activity to cells that express the IL.2 receptor. In a
clinical trial involving 35 patients with advanced treatment refractory CTCL and
mycosis fungoides, DAB389I1.2 produced a 37% response rate including 14%
complete responses. A recent trial using a fusion protein of a truncated Pseudomonas
exotoxin A and the Fv-fragment of anti-CD25 (LMB-2) showed promising early
results in patients with IL-2Ra expressing lymphoid neoplasms including HCL, CLL,
HL, CTCL and ATL (Morris & Waldmann 2000, Foss & Waldmann 2003,
Waldmann 2007).

Future approaches under development include the use of HAT chelated to
o-emitting radionuclides such as 2'?Bi, >!>Bi or ?!' At because of their more favourable
radiobiological profiles. Combination of anti-IL-2R antibodies with other antibodies
(anti-CD30) or with other modalities such as chemotherapy or other cytokines is also
projected.

The field of receptor-targeted treatment is still in its infancy. No doubt with
continued improvement of monoclonal antibody technology, refinements in linking
toxins and radiopharmaceuticals to antibodies and ligands, the targeting of the IL-2R
and other cytokine receptors holds great promise as treatment for a large number of
diverse diseases. However, some issues should be taken into consideration. First, it
was shown that only a fraction of receptors expressed in considerable amount in
response to immune activation is associated with IL-2 (Taniguchi & Minami 1993).
Therefore, anti-CD25 monoclonal antibodies must almost completely saturate CD25
before a significant inhibition of IL-2-mediated events can be expected. This would
explain clinical data from a psoriasis trial in which incomplete saturation of CD25 by
daclizumab as a consequence of more infrequent dosing led to relapses (Krueger et al.
2000). Another issue of anti-CD25 therapies is the presence of serum soluble CD25
(Mehta et al. 2004). sIL.-2Ra measurements may be useful in the monitoring of
patients treated with monoclonal antibodies against the IL.-2 receptor, since a decrease
in the serum level of sIL.-2R has been found to parallel the reappearance of CD25-
positive T lymphocytes (Warle et al. 2003a, Ter Meulen et al. 2004). On the other
hand, soluble CD25 could absorb a portion of the antibody translating into the need
for higher therapeutic doses. Lastly, one must remember that therapy with the use of
anti-CD25 antibodies may still allow receptor stimulation by IL-2 through the
intermediate affinity receptor complex assembly (Rickert et al. 2004).

Conclusions

Despite many studies and literature reports concerning the behaviour of sIL-2Ra in
particular types of lymphoproliferative and solid neoplasms, the biological significance
of high serum levels of this receptor has not been definitely established. Also, the
precise source of sIL-2Ra in these conditions has not been defined clearly — increased
shedding from tumour cells or lymphocytes activated by tumour growth have been
postulated (Heaney & Golde 1996). Nevertheless, large amounts of circulating sIL-
2Ra capable of binding IL.-2 efficiently (Rubin et al. 1986, Dummer et al. 1992) may
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result in impairment of IL-2-dependent functions, including anti-tumour response
(Burton & Kay 1994). Diminished NK-cell activity in CTCL may also be explained
by elevated levels of sIL-2Ra neutralizing IL-2 (Dummer et al. 1992). However, some
investigators reported diminished production of both IL-2 and its high-affinity
membrane receptor in activated lymphocytes isolated from patients with malignant
gliomas, HL. and ALL (Frydecka & Mazur 1996, Zhang et al. 2006). Also, elevated
soluble receptor concentrations in the ascites of patients with ovarian cancer and in
the serum of patients with breast cancer were found to correlate with a decreased
number of infiltrating lymphocytes in the tumours which suggests that sIL.-2Ra may
depress an endogenous anti-tumour immune response (Sabbioni et al. 2000).

These observations may in part explain the phenomenon of highly increased sIL-
2Ra in aggressive, advanced or metastatic malignancies. Although the reason and
biological role of the increased concentrations of sIL-2Ra still need to be elucidated
definitively, the clinical usefulness of soluble IL-2Ra determination in most human
cancers is of special value and interest for oncologists.
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