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Preclinical efficacy and safety of pascolizumab (SB 240683): a humanized
anti-interleukin-4 antibody with therapeutic potential in asthma
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SUMMARY

The type 2 helper T cell (Ty2) cytokine interleukin (IL)-4 is thought to play a central role in the early
stages of asthma. In an effort to develop an antibody treatment for asthma that neutralizes the effects
of IL-4, a murine monoclonal antibody, 3B9, was generated with specificity for human IL-4. In vitro
studies demonstrated that 3B9 inhibited IL-4-dependent events including IL-5 synthesis, T2 cell acti-
vation and up-regulation of immunoglobulin E expression. 3B9 was then humanized (pascolizumab, SB
240683) to reduce immunogenicity in humans. SB 240683 demonstrated species specificity for both
monkey and human IL-4 with no reactivity to mouse, rat, cow, goat or horse IL-4. Pascolizumab inhib-
ited the response of human and monkey T cells to monkey IL-4 and effectively neutralized IL-4 bio-
activity when tested against several IL-4-responsive human cell lines. Affinity studies demonstrated
rapid IL-4 binding by pascolizumab with a slow dissociation rate. In vivo pharmacokinetic and chronic
safety testing in cynomolgus monkeys demonstrated that pascolizumab was well tolerated, and no
adverse clinical responses occurred after up to 9 months of treatment. Three monkeys developed an
anti-idiotypic response that resulted in rapid pascolizumab clearance. However, in the chronic dosing
study the antibody response was transient and not associated with clinical events. In conclusion, pas-
colizumab is a humanized anti-IL-4 monoclonal antibody that can inhibit upstream and downstream
events associated with asthma, including Ty?2 cell activation and immunoglobulin E production. Clinical

trials are under way to test the clinical efficacy of pascolizumab for asthma.
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INTRODUCTION

Although the cause of asthma has not been defined completely,
it is clear that asthma is the result of a series of cellular and
cytokine-mediated events that induce chronic airway inflamma-
tion. Interleukin (IL)-4 is thought to be a key cytokine in the early
stages of asthma because of its role in regulating B-cell isotype
switching to immunoglobulin (Ig)E production, eosinophil
chemotaxis and the development of effector T-cell responses [1,2],
Interleukin-4 is produced by T lymphocytes, activated mast cells
and basophils. Along with other cytokines (including IL-5 and IL-
13), IL-4 can induce the development of allergic inflammatory
diseases and can promote the differentiation of undifferentiated
helper T cells (Ty0) into type 2 helper T cells (Ty2) [3,4]. These
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Ty2 cells, in turn, secrete a pattern of cytokines including IL-3, IL-
4, IL-5, IL-13 and granulocyte-macrophage colony-stimulating
factor [5] that initiate and perpetuate the asthmatic inflammatory
response leading to airway inflammation, obstruction and hyper-
responsiveness characteristic of chronic asthma [6]. Both IL-4 and
IL-5 mRNA and protein are elevated in asthmatic airway tissues
[7,8].

Inhibition of IL-4 activity could potentially reduce the pulmo-
nary inflammation and remodelling that define chronic persistent
asthma. Because Ty2 differentiation is IL-4-dependent, IL-4 neu-
tralization may inhibit the development of Ty2 cells and the
subsequent events that lead to allergic inflammation [9]. Also, as
IL-4 induces IL-5 synthesis, IL-4 neutralization may also block
IL-5-dependent pulmonary eosinophilia. Inhibition of IL-4 may
also reduce aberrant IgE production and subsequent IgE-medi-
ated, mast cell-dependent inflammation. Furthermore, because
IL-4 up-regulates collagen and fibronectin synthesis in subepithe-
lial fibroblasts (leading to airway remodelling), inhibiting IL-4
may prevent long-term reduction in pulmonary function [10].
Finally, animal studies have revealed that IL-4 knockout mice
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sensitized to antigen were unable to develop allergic eosinophilic
airway infiltration and did not produce antigen-specific IgE fol-
lowing exposure to aerosolized antigen [11]. Additionally, these
mice failed to develop airway hyperresponsiveness following
chronic aerosol exposure to antigen.

Interleukin-13 is related closely to IL-4 and has similar down-
stream functions. Produced by activated Ty?2 cells, Ty0 cells, mast
cells and dendritic cells, IL-13 can also stimulate IgE production
by B cells [12]. However, because T cells do not express IL-13
receptors, IL.-13 does not promote T2 responses or suppress Tyl
cell differentiation as does IL-4 [13]. Because of this difference in
function, it is possible that suppressing IL-4 will prevent IL-13 up-
regulation. Thus, although other cytokines are involved in the
development of asthma, the neutralization of IL-4 alone may be
sufficient to decrease eosinophil accumulation in the airways and
to reduce lung airway remodeling in asthmatic patients.

Studies in murine models of asthma have demonstrated that
both anti-IL-4 antibodies and soluble IL-4 receptors can block the
downstream events associated with asthma. The administration of

an aerosolized, soluble, murine recombinant IL-4 receptor inhib-
ited IL-4 activity in mice and prevented the development of aller-
gen-induced and allergen-dependent immediate hypersensitivity
responses [14]. Similarly, in a murine model of atopic asthma,
mice treated with anti-IL-4 monoclonal antibody (MoAb) prior
to active sensitization with ovalbumin showed lower serum IgE
levels compared with saline-treated controls [15].

Pascolizumab (SB 240683) is a humanized anti-IL-4 MoAb
developed originally by GlaxoSmithKline (Philadelphia, PA,
USA) and currently in development at Protein Design Laborato-
ries, Inc. (Fremont, CA, USA). Pascolizumab blocks the interac-
tion of IL-4 with its receptor (Fig. 1), thereby inhibiting the early
events of asthma including Ty2 cell differentiation, eosinophilia
and IgE up-regulation. Preclinical data indicate that blocking
these events in vivo may prevent airway inflammatory cell infil-
tration and remodelling in asthmatic patients. In the current
study, the biological activity and preclinical pharmacology of
pascolizumab and its parent antibody, 3B9, were evaluated. As
a prelude to clinical trials, the safety and toxicity profile of
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Fig. 1. Effect of pascolizumab binding of IL-4 inhibits IL-4 interaction with the alpha chain of the IL-4 receptor. IL = interleukin; anti-
IL-4 = antibody against IL-4; y C = gamma signalling chain of the IL-4 receptor; IL-4Ra = IL-4 receptor alpha; IL-13Ra = IL-13 receptor

alpha.
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pascolizumab was evaluated in cynomolgus monkeys, the only
species in which antibody cross-reactivity was demonstrated.

MATERIALS AND METHODS

Humanization of 3B9

Pascolizumab (SB 240683) is a fully humanized MoAb con-
structed using conventional molecular techniques to graft com-
plementarity-determining regions from the parent murine
antihuman IL-4 antibody (3B9) into human IgG1 kappa heavy-
and light-chain frameworks. Substitutions were made to retain
antibody activity and to reflect human Ig group/subgroup prefer-
ences (SMART™ technology; Protein Design Laboratories, Inc.,
Fremont, CA, USA).

Activity of pascolizumab in vitro

Affinity Studies. The kinetics of antibody binding to IL-4
were analysed at 25°C in a BIAcore biosensor. Pascolizumab was
attached to the solid phase with protein A. Binding of IL-4 in
solution was determined by change in refractive index. On and off
rates of the antibody binding as well as the dissociation constant
(K,) were calculated. The interaction between IL-4 and pascoli-
zumab was characterized by isothermal titration microcalorime-
try and biosensor analysis.

IL-4-dependent T-cell proliferation. Human peripheral blood
mononuclear cells (PBMCs) were isolated by Ficoll-paque
centrifugation and incubated in 4-(2-hydroxyethyl)-1-piperazine-
ethanesulphonic acid-buffered RPMI-1640 medium supple-
mented with 10% fetal bovine serum (FBS), 1% L-glutamine and
1% penicillin-streptomycin plus 10 ug/ml phytohaemagglutinin
(PHA) for 72 h at 37°C. The PHA-activated blasts were cultured
(10° cells/ml) in round-bottom microtitre plate wells with human
IL-4 (2 ng/ml) and pascolizumab for 3 days. Samples were pulsed
with 0-5 uCi [*H]-thymidine and processed for scintillation count-
ing in a 1205 Betaplate™ (EG & G Wallac, Inc., Gaithersburg,
MD, USA).

IL-4-dependent TF-1 cell proliferation. TF-1 cells (American
Type Culture Collection, a human erythroleukaemic cell line
responsive to IL-4) were cultured in 4-(2-hydroxyethyl)-1-
piperazine-ethanesulphonic acid-buffered RPMI-1640 medium
supplemented with FBS, L-glutamine, and antibiotics. Round-
bottom 96-well microtitre plates were seeded with 2:5 x 103 cells/
well and incubated for 48 h in the presence of serially diluted
antibody plus IL-4 (1 ng/ml). Cultures were pulsed with [*H]-
thymidine and processed for scintillation counting.

1L-4-dependent IgE synthesis
Human PBMCs were separated by centrifugation over Ficoll-
paque, washed, and resuspended to 1-25x 10° cells/ml in sup-
plemented RPMI 1640 medium. Cell suspensions (800 ul) were
aliquoted into a 48-well plate along with IL-4 (3 ng/ml), hydro-
cortisone succinate (1 uM) and pascolizumab. Samples were incu-
bated for 14 days at 37°C in an atmosphere of 5% CO,. At the end
of the culture period, supernatants were removed and IgE con-
centrations measured by enzyme-linked immunosorbent assay
(ELISA).

1L-4-dependent human spleen B-cell proliferation. B cells
were purified from human tonsils or spleens using standard
techniques and frozen in liquid nitrogen until required. Cells
were resuspended to 2 x 10° viable cells per ml and incubated
with phorbol 12,13-dibutyrate (10 M) and anti-IgM antibody
(1 pug/ml) for 45 min at 37°C. Cells were washed, aliquoted into

microtitre plate wells and incubated with IL-4 (2 ng/ml) plus
pascolizumab for 72 h. B-cell proliferation was measured by [*H]-
thymidine incorporation.

1L-4-dependent CD23 expression on B cells. Purified tonsil B
cells were incubated with IL-4 (1 ng/ml) plus pascolizumab for
48 h in RPMI-1640 medium with 15% FBS. Membrane-expressed
CD23 Fc receptor type epsilon (FceRII; The Binding Site,
Birmingham, UK) was determined by flow cytometric analysis.

Inhibition of IL-4—dependent T2 cell differentiation by 3B9
Peripheral blood mononuclear cells from tetanus toxoid (TT)-
sensitive donors were purified on Ficoll-paque and resuspended
to 3 x 10° cells/ml in AIM-V medium with 15% FBS, 1 mM sodium
pyruvate, and 40 nM 2-mercaptoethanol. Cells were cultured for
5 days at 37°C with adsorbed tetanus vaccine (1 :375 dilution),
IL-4 (1-2 ng/ml) and MoAb 3B9. Supernatants were removed
and frozen prior to testing for IL-5. Cell proliferation was deter-
mined by [*H]-thymidine incorporation. Interleukin-5 and inter-
feron gamma (IFN-y) were measured with commercial ELISA
kits (R&D Systems, Minneapolis, MN, USA).

Inhibition of in vivo human IgE production by MoAb 3B9
Six-8-week-old severe combined immunodeficient (SCID) mice
received intraperitoneal (i.p.) injection of human PBMCs
(3-5x 107 cells/animal) from house dust mite-sensitive donors.
Each mouse received five daily i.p. injections of recombinant
human interleukin (rhIL)-4 (10 ug/mouse/day) starting on the day
after reconstitution. Blood samples were obtained from the
orbital plexus weekly (weeks 2-10). Sera were assayed for human
IgE and IgG. Monoclonal antibody 3B9 (0-5-10 mg per mouse)
was given as a single i.p. injection at the time of reconstitution.

Species specificity of 3B9 and pascolizumab. Species specific-
ity was confirmed by 3B9 and pascolizumab inhibition of native
and recombinant human IL-4 activity and recombinant murine,
bovine or rat IL-4 in the T-cell proliferation assay. Monoclonal
antibody 3B9 and pascolizumab were assessed for their recogni-
tion of supernatant components from PHA-activated guinea pig
and dog spleen cells. Monoclonal antibody 3B9 binding to human
and monkey IL-4 was analysed by standard ELISA. Pascoli-
zumab inhibition of human and monkey T-cell responses to
recombinant monkey IL-4 was measured.

Immunochemistry. Immunohistochemical analysis was per-
formed to detect pascolizumab binding to normal adult male and
female human tissue (31 tissue types; 1-3 donors/tissue type).
Cryostat sections of surgical and autopsy specimens (fixed at
4°C in methanol/acetone) were incubated with biotinylated-
pascolizumab followed by peroxidase-conjugated streptavidin.
Following peroxidase development, sections were counterstained
with haematoxylin. Controls included IL-4-coated sepharose
beads and an isotype-matched, biotinylated-humanized IgGl
MoAb.

Single- and repeat-dose toxicity studies in cynomolgus monkeys
Cynomolgus monkeys received one intravenous (i.v.) dose of 0, 5,
50 or 500 mg/kg (three male and three female monkeys/group) of
pascolizumab, followed by a second equal dose 1 month later
(two male and two female monkeys/group). Changes in labora-
tory parameters (chemistry, urinalysis, haematological parame-
ters including lymphocyte subsets and lymphocyte mitogen
responses), electrocardiography, ophthalmological examination,
histological parameters and body weight were noted in addition
to adverse clinical responses for 1 month following each dose.
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Chronic toxicity in cynomolgus monkeys

Three female and three male monkeys (including two female and
two male monkeys per group from the previous study approxi-
mately 6 months after the last pascolizumab treatment) were
administered monthly doses of pascolizumab (10 mg/kg subcuta-
neous [s.c.], 10 mg/kg i.v. or 100 mg/kg iv.) or placebo for
9 months. Changes in laboratory and physical parameters (listed
above) and adverse events were noted.

Assessment of anti-pascolizumab antibodies in monkey sera.
Serum samples (diluted 1:5 in phosphate-buffered saline/0-1%
bovine serum albumin) were incubated with TAG-pascolizumab
(ruthenium-labelled), affinity-purified rabbit antipascolizumab
antibody standard or unknown sera, and biotin—pascolizumab or
biotin—3B9 for 1 h, followed (without washing) by streptavidin-
coated paramagnetic microbeads for 30 min. Biotin-labelled
pascolizumab would allow detection of anti-isotypic and anti-
idiotypic antibody responses and biotin-labelled 3B9 would allow
detection of anti-idiotypic responses. ORIGEN® Assay Buffer
was added and electrochemiluminescent responses recorded on
an ORIGEN® Analyser (IGEN International, Gaithersburg, MD,
USA). The dynamic range for both assays was 47-6000 ng/ml.

Determination of pascolizumab in monkey plasma. The pres-
ence of pascolizumab in monkey plasma was determined using a
selective electrogenerated chemiluminescence immunoassay sim-
ilar to that described previously [16]. The lower limit of detection
for pascolizumab was 50 ng/ml. Pharmacokinetic parameters,
including the antibody half-life, peak and trough concentrations,
area under the curve and maximal drug concentration, were
calculated.

Animal care and use and human tissue use. All study designs
were reviewed and approved by the Institutional Animal Care
and Use Committees. Definitive toxicity studies were conducted
in accordance with Good Laboratory Practices for Nonclinical
Laboratory Studies (21 CFR, part 58). Human blood was col-
lected from volunteer donors in the laboratory following
approved consenting procedures, and unused samples were
discarded.

RESULTS

In vitro characterization of the IL-4 epitope bound by 3B9

and pascolizumab

Cynomolgus monkey IL-4 has an amino acid sequence identity
with human IL-4 of 93%. The IL-4 amino acid sequence in other
species, including mouse, rat, cow, goat and horse, shows less
homology to the human sequence. Additionally, the amino acid
sequence of the IL-4 epitope bound by 3B9 and SB 240683,
encompassing residues Ala70-Trp81 present in the C helix of IL-
4,is 100% identical between human and monkey. Neither 3B9 nor
pascolizumab recognizes IL-4 from mouse, rat, cow, goat or horse
with low homology in this region.

Affinity studies. The affinity of the interactions between pas-
colizumab and IL-4, measured by titration microcalorimetry, indi-
cated that binding of pascolizumab to IL-4 occurred at a molar
ratio of 2 IL-4 molecules per 1 antibody molecule, with a K4 of
45 pM at 25°C. Pascolizumab was stable against thermal unfolding
to at least 65°C. Biosensor studies showed rapid binding to I1L-4
by pascolizumab and a slow dissociation phase. The k,, and kg
values were 3-4 x10° M~!s™! and 2 x 10~*s71, respectively, and the
K4 was 59 pM. BIAcore biosensor studies were also performed
using immobilized IL-4 and soluble IL-4 receptor alpha chain-Fec.

Pascolizumab inhibited the binding of IL-4 to its receptor with a
50% inhibitory concentration (ICsy) of approximately 10 nM.
Greater than 90% inhibition was achieved with 250 nm
pascolizumab.

In vitro pharmacology of 3B9 and pascolizumab

A series of in vitro studies were conducted with the parent MoAb
(3BY) and pascolizumab to determine their effects on IL-4-
dependent downstream events and to confirm that the humaniza-
tion process did not alter significantly the binding affinity of the
antibody.

IL-5 synthesis. In vitro studies demonstrated that IL-5 syn-
thesis by human PBMCs in response to the recall antigen TT was
significantly increased in the presence of exogenous rhIL-4 (1-
2 ng/ml; Table 1). In contrast, rhIL-4 did not influence cell prolif-
eration or the production of the Tyl cytokine, IFN-y. These
results confirm that IL-4 is capable of preferentially stimulating
the production of Ty2 cytokines (e.g. IL-5) over Tyl cytokines
(e.g. IFN-y) in response to antigen. Monoclonal antibody 3B9 was
tested in this model for its ability to inhibit IL-4-dependent IL-5
synthesis by PBMCs in the presence of TT (Fig.2). Antigen-
driven, IL-4-dependent IL-5 synthesis was inhibited by MoAb
3B9in a dose-dependent manner with an ICs, = 730 pM, providing

Table 1. Effect of IL-4 on tetanus toxoid PBMC proliferation and
cytokine production

Proliferation, IL-5, IFN-v,
Treatment cpm x10° (s.e.m.) pg/ml (s.e.m.) pg/ml (s.e.m.)
Medium alone 46-5 (3:3) 122 (15) 1148 (264)
IL-4 48-8 (3-0) 298 (20)* 1983 (258)

IL = interleukin; PBMC = peripheral blood mononuclear cell; cpm
=counts per minute; SEM = standard error of the mean; IFN-y= inter-
feron gamma.

*P < 0-001 versus medium control.
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Fig. 2. Effect of MoAb 3B9 on antigen-driven IL-4-dependent T-cell
proliferation and IL-5 synthesis. Results are expressed as percentage of
the control response obtained with TT-stimulated cells in the presence of
IL-4. IL = interleukin; TT = tetanus toxoid. @, Cell proliferation; [, IL-5
production.
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evidence that antibody neutralization of IL-4 can down-regulate
Ty2 cell cytokine production.

T-cell proliferation. To confirm that the humanized antibody
retained the ability to inhibit IL-4-dependent functions and to
confirm the cross-species specificity of the antibody, pascolizumab
was tested for its ability to inhibit IL-4-dependent T-cell prolifer-
ation using human or monkey T cells (Fig.3a). Pascolizumab
inhibited the response of human and monkey T cells to recombi-
nant monkey IL-4 with mean ICs, values of 268 pM and 587 pM,
respectively. Although the mean ICs, values were lower for inhi-
bition of human and monkey T cells to recombinant human IL-4
(157 pM and 234 pM, respectively), pascolizumab was able to
inhibit IL-4-induced activation in both species.

Neutralization of IL-4 bioactivity. Pascolizumab and 3B9
inhibition of IL.-4 bioactivity is summarized in Table 2. Both anti-
body treatments inhibited the proliferation of human T cells
(Fig. 3a), human B cells and TF-1 cells (Fig.3b). Interleukin-4-
dependent IgE production by human PBMCs (Fig.4a) and up-
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Fig. 3. Effect of pascolizumab on human (a), cynomolgus monkey (inset)
and TF-1 cell (b) IL-4-dependent T-cell proliferation. Results are
expressed as percentage of the control response obtained with IL-4-
stimulated cells. @, MoAb 3B9; O, pascolizumab.

regulation of Fce RII (CD23; Fig. 4b) on human B cells were also
blocked by both antibodies. These in vitro analyses indicate that
the antigen-binding affinity and pharmacodynamic properties
were retained during the humanization of 3B9 to pascolizumab.

Inhibition of IgE production by 3B9. Because IgE produc-
tion is up-regulated following B-cell stimulation by IL-4, the inhi-
bition of IL-4-dependent IgE production by MoAb 3B9 was
examined in a SCID mouse model. In this model, SCID mice
that had been administered immune cells from house dust mite-
sensitive human donors were administered IL-4 (10 ug/mouse/
day), causing a >twofold increase in IgE production within
4 weeks. Treatment of mice with MoAb 3B9 at the time of recon-
stitution inhibited IgE production in a dose-dependent manner
(Fig. 5). The highest dose of MoAb 3B9 (10 mg) rendered IgE lev-
els undetectable at all time-points. Serum IgG levels were unaf-
fected by 3B9 treatment (data not shown).

Tissue cross-reactivity. Immunohistochemistry studies dem-
onstrated no pascolizumab staining in frozen sections from 37
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Fig. 4. Effect of MoAb 3B9 and pascolizumab on IL-4-dependent IgE
synthesis from human PBMCs (a) and surface expression of CD23 on
purified human tonsillar B cells (b). Results are expressed as percentage
of the control response obtained with IL-4-stimulated cells. ®, MoAb 3B9;
O, pascolizumab.
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Table 2. Pharmacological activity of pascolizumab in vitro*

T-cell proliferation TF-1 cell proliferation

IgE production CD23 expression Tonsil B-cell proliferation

Antibody 1Csy, pM 1C,s, pM 1Csp, pM 1Csy, pM 1Csp, pM

Pascolizumab 157 694 278 950 377
(113-262)5 (334-1000)5 (240-311), (600-1300), 3/4

MoAb 3B9 31 87 612 147 134
(11-60),, (27-139), (370-1070), (53-272); (80-231),4

ICsy = 50% inhibitory concentration; IC,5 = 25% inhibitory concentration. *Mean (range),.
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Fig. 5. Effect of MoAb 3B9 on the production of IgE from SCID mice
reconstituted with immune cells from atopic volunteers. Six—8-week-old
SCID mice received purified PBMCs from house dust mite-sensitive
donors, dosed with rhIL-4 for 4 days and a single IP MoAb 3B9 injection
at the time of PBMC administration. A, 1L-4; B, IL-4 + MoAb 3B9
(0-5 mg); ¢, IL-4 + MoAb 3B9 (1.0 mg); @, IL-4 + 3B9 (10 mg).

normal human tissue types. These results suggest that pascoli-
zumab may not be appropriate for immunohistochemistry on fro-
zen tissue, or that the IL-4 concentrations in the tissues were
below the level of sensitivity necessary for detection of pascoli-
zumab binding.

Pharmacokinetics and safety of pascolizumab in cynomolgus
monkeys

The pharmacokinetics and safety of pascolizumab were evaluated
in cynomolgus monkeys as a prelude to testing in humans. Fol-
lowing the first dose of pascolizumab, a transient hyperemia,
facial flushing lasting less than 1 h, was observed one of six cyn-
omolgus monkeys that received 50 mg/kg and in two of six mon-
keys that received 500 mg/kg. No other adverse events were
observed during this period. One monkey of each sex from each
treatment group was necropsied at the end of the observation
period. There were no drug-related histopathological findings in
these monkeys. The remaining monkeys were administered a sec-
ond dose of antibody and monitored for an additional month.
Both antibody doses were well tolerated. Following the first dose

of pascolizumab, one monkey developed anti-idiotypic antipas-
colizumab antibodies that resulted in enhanced plasma clearance
of pascolizumab. No additional monkeys developed antipascoli-
zumab antibodies.

In a chronic dosing study to assess toxicity and pharmacoki-
netics of i.v. and s.c. dosing, cynomolgus monkeys were adminis-
tered pascolizumab monthly for 9 months. There were no
significant changes in laboratory analyses, electrocardiogram
measurements, ophthalmic observations, histology or body
weight parameters (data not shown). There were no effects on
lymphocyte numbers or subsets or responsiveness to mitogenic
stimulation. There was no effect on circulating IgE levels in these
non-allergic monkeys. A transient antibody response (including
anti-idiotypic antibodies) was detected in two female monkeys
after receiving the first 10-mg/kg i.v. dose, which was not evident
following the second, third or fourth monthly doses. There were
no adverse clinical responses in these antibody-positive monkeys;
however, rapid serum elimination of pascolizumab was observed
in the two monkeys expressing anti-idiotypic antibody (Fig. 6). A
similar effect of rapid pascolizumab clearance was observed in
one monkey, dosed with 10 mg/kg s.c., that did not test positive for
anti-idiotypic antibodies, due presumably to residual levels of cir-
culating pascolizumab that would compete in the assay. By the
fifth dose, plasma pascolizumab concentration profiles in these
monkeys were indistinguishable from the other monkeys in the
same dose groups.

After chronic dosing, the terminal half-life of the antibody
was 89 + 1-4 days. The highest trough concentrations of antibody
were reached after approximately 4 monthly doses. There was a
slight accumulation of the drug at the 100-mg/kg dose level
(Table 3; Fig.6). The area under the curve following both the
10-mg/kg s.c. and i.v. dosing was similar, indicating 100% bioavail-
ability of antibody after s.c. delivery. Pascolizumab was detected
successfully in bronchoalveolar lavage (methods described in
Hart et al. [17]) from four of 12 monkeys that received 10 mg/kg
s.c.or i.v. (range 40-80 ng/ml) and in all the monkeys that received
100 mg/kg i.v. (range 350-900 ng/ml).

DISCUSSION

In the present study, we have characterized the in vitro activity,
pharmacokinetics and safety of a humanized anti-IL-4 MoAb,
pascolizumab (SB 240683) and its parent murine MoAb, 3B9.
Monoclonal antibody 3B9 inhibited IL-4-dependent events,
including IL-5 synthesis, Ty2 cell activation and IgE up-
regulation. The humanized pascolizumab MoAb retained the
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Fig. 6. Plasma concentration versus time profiles for pascolizumab on the
9-month toxicity study. The peaks present between 0 and 600 h and again
between 2700 and 3500 h represent full pharmacokinetic profiles after the
first and fifth doses. The remaining time-points represent the trough
plasma concentrations of pascolizumab present in plasma samples col-
lected immediately prior to each monthly dose. There was no change in
the clearance profile after repeat dosing. A slight accumulation was
observed in the trough plasma concentrations between the first and fifth
doses. Symbols represents individual monkeys: filled symbols represent
males; open symbols represent females.

species specificity, avidity and IL-4 neutralizing activity of 3B9.
Titration microcalorimetry and BIAcore biosensor studies dem-
onstrated rapid IL-4 binding by pascolizumab and slow dissocia-
tion. Taken together, the in vitro data suggest that pascolizumab
specifically inhibits IL-4; therefore, in vivo testing was performed
to define the preliminary safety of pascolizumab.

Because the in vitro studies demonstrated specificity of pas-
colizumab for cynomolgus monkey IL-4, the pharmacokinetics
and safety of pascolizumab were assessed in cynomolgus mon-
keys. These in vivo studies demonstrated that pascolizumab treat-
ment was well tolerated with slight antibody accumulation
achieved after chronic dosing due to the long plasma half-life.
There were no drug-related immunotoxicological or histopatho-
logical findings. There was no effect on circulating IgE levels in
monkeys treated with pascolizumab; however, the monkeys had
not been sensitized prior to initiation of the safety studies and
thus did not have elevated levels of IgE. These in vivo and in vitro
studies provide the rationale for testing the safety and efficacy of
pascolizumab in humans.

Existing treatments for asthma provide indirect evidence that
IL-4 inhibition may decrease the asthmatic response. Theophyl-
line and other phosphodiesterase inhibitors may decrease 1L-4
production in inflammatory cells, due possibly to increasing
intracellular 3’,5’-adenosine monophosphate [18]. Additionally,
allergen-specific immunotherapy reduces IL-4 expression in cir-
culating lymphocytes [19], and prednisolone reduces the number
of IL-4 and IL-5 mRNA-expressing cells and increases IFN-y
mRNA [20], suggesting an immunological shift to a Ty;1 response.
Therefore, it is hypothesized that direct inhibition of IL-4 with a
specific antibody may prevent T-cell maturation to the Ty2 phe-
notype, which would in turn prevent secretion of Ty;2 cytokines
including IL-4 and IL-5 in asthmatic patients. Furthermore, anti-
IL-4 therapy might also reduce IgE production, inhibit mast cell
growth, reduce eosinophil chemotaxis to the airway epithelium
and decrease inflammatory destruction of the airways. Inhibition
of IL-4 with a soluble form of the IL-4 receptor is currently being
evaluated in the clinic with promising early results, including
effects on forced expiratory volume in 1 s and on asthma symp-
tom scores [21].

A major obstacle to the successful use of antibody therapy is
the host immune response to treatment. Humanization of murine

Table 3. Preclinical pharmacokinetics of pascolizumab following chronic monthly dosing for 9 months in cynomolgus monkeys

Males (n=3) Females (n=3)
Observed mean C,,,,,* Mean AUC g4 yeek), Mg Observed mean C,,,* Mean AUC g4 yeery HE
neg/ml h/ml ug/ml h/ml

Dose group,

mg/kg (route) Dose 1 Dose 5 Dose 1 Dose 5 Dose 1 Dose 5 Dose 1 Dose 5
10 (s.c.) 105 117 30 669 32043 113 119 30 136 33382
10 (i.v.) 164 174 38921 43178 152 155 40 588 33850
100 (i.v.) 1351 1771 286 688 384 808 1175 1879 257 995 364 559

Ciax = maximal drug concentration; AUC = area under the curve; s.c. = subcutaneous; i.v.= intravenous. *C,, values were generally observed at the

first sampling time, approximately 24 h post-dosing.
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MoAbs for clinical use dramatically reduces their immunogenic-
ity, thereby reducing the immune response in humans [22]. How-
ever, as occurred in this study, administration of humanized
antibodies to monkeys can induce antibody responses [23]. The
antibody response can vary from neutralizing antibodies that
enhance clearance of the MoAb from circulation, to more severe
anaphylactic responses [24]. In the current study, an antibody
response occurred in only 12:5% of the monkeys (one in the two-
dose regimen and two in the 9-month regimen) with no adverse
events apparently related to the antipascolizumab response. In
the 9-month dosing regimen, the antipascolizumab response was
transient and was not detectable following the second, third or
fourth doses. It is possible that the anti-idiotypic immune
response was modulated via the pharmacological activity of the
anti-IL-4 antibody on humoral immune responses [1]. Although
the antipascolizumab antibodies did cause rapid serum elimina-
tion of pascolizumab, the pharmacokinetic profile of pascoli-
zumab following the disappearance of antipascolizumab was
comparable to that in the monkeys that did not develop an anti-
antibody response. It is predicted that pascolizumab will be less
immunogenic in humans than it was in monkeys; however, anti-
idiotypic responses may still occur. As in the primate study, it is
believed that such transient antibody responses will not interfere
with long-term treatment of humans with therapeutic levels of
pascolizumab.

In summary, in vitro studies confirm the specificity of pascoli-
zumab for human and primate IL-4. In vitro, the antibody inhibits
the downstream events associated with IL-4 stimulation, includ-
ing IgE and CD23 up-regulation and T-cell proliferation, and may
therefore be of potential benefit in the treatment of chronic
asthma. Toxicology studies in cynomolgus monkeys confirm that
the antibody is well tolerated during acute and chronic dosing.
Furthermore, the high binding affinity, long half-life and low
immunogenicity of the humanized anti-IL-4 antibody suggest
that further evaluation in human clinical trials is warranted for
pascolizumab.
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