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A novel and sensitive ELISA reveals that the soluble form of IL-13R-o2 is not

expressed in plasma of healthy or asthmatic subjects
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Summary

Background IL-13 plays a key regulatory role in asthmatic responses and immunity to parasitic
infection. In vivo, IL-13R-02 is a critical modulator of IL-13 bioactivity. When inducibly
expressed on the surface of fibroblasts and other cell types under inflammatory conditions,
IL-13R-u2 contributes to resolution of IL-13 responses. A soluble form of IL-13R-a2
(sIL-13R-o2) can be detected in murine circulation, and functions as a regulator of IL-13
bioactivity. In humans, sIL-13R-a2 has been more difficult to detect. Recently, novel assay
systems have been described to quantitate sIL-13R-a2 in human circulation, and revealed
unexpectedly high levels of sIL-13R-a2 in healthy subjects.

Objective To verify sIL-13R-a2 quantitation in human plasma samples under stringent
conditions of signal verification and false-positive detection.

Methods A standard ELISA protocol was evaluated for specificity using false-positive
detection reagents. A more stringent ELISA protocol was developed by optimizing the
composition of blocking and dilution buffers.

Results Using the stringent assay protocol, endogenous sIL-13R-a2 was undetectable in
plasma samples from a total of 120 asthmatics and 20 healthy subjects, and in
bronchoalveolar lavage fluid from 10 asthmatics and eight healthy subjects undergoing
allergen challenge.

Conclusion These results underscore the necessity to perform rigorous assay controls in the
biological matrix to be tested. Because the soluble form could not be demonstrated, our
findings question a role for sIL-13R-a2 in the regulation of IL-13 bioactivity, and highlight
the potentially important contribution of the membrane-bound form of IL-13R-22 in humans.
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Introduction

The T-helper type 2 (Th2) cytokine, IL-13, is a major
regulatory cytokine in asthmatic responses. As a direct
inducer of airway hyper-reactivity, lung inflammation,
mucus hyper-secretion, and fibrosis, IL-13 represents a key
target for the treatment of asthma [1]. Furthermore, IL-13 is
an essential inducer of fibrosis in host responses to parasite
infection [2]. IL-13 neutralization is an effective therapeutic
strategy in animal models of asthma and reduces fibrosis
in models of parasite infection [2, 3]. A recombinant soluble
form of the natural IL-13 antagonist, IL-13R-02, produced
as a dimeric Fc construct, has been invaluable for
validation of the role of IL-13 in these models [3-6].

In vivo, the IL-13 receptor system provides for rapid and
sensitive control of cellular responses to this critical
cytokine. Cellular responses to IL-13 are mediated
through a receptor complex composed of the IL-13R-a1
and IL-4R-o chains, which also responds to the related
cytokine, IL-4. IL-13 accesses the receptor through an
initial, relatively low-affinity, interaction with IL-13R-a1
on the surface of B cells, monocytes, epithelial cells, and
other cell types. This complex recruits IL-4R-o to form the
high-affinity receptor that is competent for signal trans-
duction through phosphorylation, dimerization, and nu-
clear translocation of the transcription factor, STAT6
[7-9]. IL-13 binding to IL-13R-a1 can be effectively
competed by IL-13R-a2, which binds the cytokine with
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higher affinity, and at a site largely overlapping with that
seen by IL-13R-o1 [10]. The IL-13R-a2 chain, which
shares approximately 20% amino acid sequence homol-
ogy with IL-13R-a1, is inducibly expressed on fibroblasts
and other cell types [11, 12]. Although it may have some
signalling capacity under certain activation conditions
[13, 14], IL-13R-0o2 is thought to act primarily as a ‘decoy’
receptor, sequestering IL-13 from the IL-13R-o1/IL-4R-
complex, and thus inhibiting its function [15-17].

In murine systems, both the soluble and cell surface
forms of IL-13R-a2 may be induced during inflammatory
conditions, resulting in ablation of IL-13 signalling re-
sponses [18-21]. Soluble IL-13R-a2 can be reliably quan-
titated in the sera of mice [18, 22, 23]. In human systems,
surface IL-13R-02 expression is readily detectable on
activated fibroblasts, keratinocytes, and other cell types,
but evidence of soluble IL-13R-a2 has been difficult to
establish. Recently, novel assay formats have been devel-
oped to detect the soluble form of IL-13R-a2 (sIL-13R-02)
in human serum [23], and bronchoalveolar lavage (BAL)
fluid [24], at unexpectedly high levels. Serum levels
appear higher in subjects with active parasite infestation
[23], and BAL fluid levels are lower in subjects with
asthma [24], suggesting a functional role for sIL-13R-a2
in the regulation of IL-13 responses similar to that
observed in mouse models.

Understanding the role and function of IL-13R-a2 in
human systems is critical to the development of effective
agents to modulate this key cytokine system. Newly
developed assay formats must be rigorously evaluated to
establish specificity of detection, which can be affected
not only by the reagents but also by the assay configura-
tion. In this report, we re-examine the quantitation of
sIL-13R-a2 in human serum samples, and provide evi-
dence that the high levels reported previously may have
been detected erroneously.

Materials and methods

Healthy volunteer and asthma plasma samples

Samples used for assay development and standard curve
generation were donated anonymously by healthy volun-
teers at Wyeth (Andover and Cambridge, MA, USA) under
a physician reviewed and approved Wyeth Research
Volunteer Blood Donor Program. Blood was drawn into

i

Vacutainer™ mononuclear cell preparation tubes (Becton-
Dickinson, San Jose, CA, USA), and aliquots of plasma
frozen at — 80 °C.

Samples from subjects with asthma were collected from
patients enrolled in the Wyeth-sponsored Asthma Obser-
vational Study 9998A1-900-WW (A Prospective, Non-
interventional, Exploratory, Gene Expression Study in
Adults with Mild, Moderate, and Severe Persistent Bron-
chial Asthma). Samples from healthy volunteers were

collected from subjects enrolled in the Wyeth-sponsored
Healthy Volunteer Observational Study 9999A1-900-WW
(A Longitudinal Population-Based Study of Peripheral
Blood Gene Expression Profiles in Healthy Volunteers).
Informed consent was approved by local Institutional
Review Boards and obtained from each patient.

Bronchoalveolar lavage samples

Thirty-six samples of BAL fluid were obtained from 18
patients undergoing segmental allergen challenge (SAC)
in a Wyeth-sponsored study at the Cleveland Clinic. In this
study, 10 mild asthmatic and eight non-asthmatic indivi-
duals underwent bronchoscopy and SAC with either
timothy grass or ragweed allergen, based on season. The
dose for the challenge was determined empirically for
each asthmatic patient. Each non-asthmatic subject re-
ceived a uniform allergen dose. BAL fluid was collected at
time O (baseline) and 24 h post-challenge. For each collec-
tion, three 50mL aliquots of normal saline solution
warmed to 37 °C were instilled in each of two separate
segments in the lingual and withdrawn by gentle hand
aspiration. Processing of BAL was as described previously
[25]. Studies have supported this timing for maximal BAL
eosinophilia, cytokine release, and cell activation [26, 27].

Standard enzyme-linked immunosorbent assay protocol

The IL-13R-02 capture ELISA from RE&D Systems
(Minneapolis, MN, USA) was used according to the man-
ufacturer’s protocol, with minor modifications. The cap-
ture antibody was diluted to 4 ug/mL in PBS, and 100 pL/
well was coated on assay plates (Immulon IV HBX; VWR)
overnight at room temperature (RT). Plates were washed
with PBS containing 0.05% Tween-20 (PBS-Tween), using
a protocol of two wash cycles with 300 uL buffer per
well, followed by 180° rotation of the plate, and then a
repeat of the two wash cycles for a total of four wash
cycles. A blocking solution of 5% non-fat dry milk (Bio-
Rad, Hercules, CA, USA) diluted in PBS was added at
200 puL/well. Plates were incubated static for 1.5-2h, RT,
then washed. A seven-point standard curve ranging from
8000 to 125pg/mL recombinant human IL-13 sR-a2/Fc
chimera (R&D Systems), diluted in sample dilution buffer
(R&D Systems), was added at 100 uL/well, along with
samples of human serum, plasma, or BAL fluid diluted in
sample dilution buffer. After static incubation for 2h at
37 °C, plates were washed, and then incubated for 2h,
37 °C, with biotinylated anti-human IL-13R-a2 (RE&D
Systems) diluted in PBS. The signal was detected using
streptavidin-HRP conjugate (R&D Systems) for 20-30 min,
RT. Colour was developed using TMB reagents, and the
reaction was stopped after 20 min by the addition of 50 p
L/well of 2N H,S0,. Plates were read at optical density
450 nm with wavelength correction set to 540 nm. Sample
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concentration was determined based on a four-parametric
curve fit of the standard curve.

SpecificBlue enzyme-linked immunosorbent assay
protocol

The SpecificBlue ELISA protocol was generated by em-
pirical optimization of the R&D Systems ELISA kit, which
used mouse IgG1 monoclonal anti-human IL-13R-a2 as
capture antibody, and biotinylated affinity-purified poly-
clonal goat anti-human IL-13R-a2 serum as detector. Two
biotinylated reagents were used for the detection of false-
positive signal: goat anti-human TNF-o (R&D Systems)
and goat anti-mouse IL-17A (R&D Systems). The methods
used by R&D Systems to generate and purify these anti-
sera were similar to those used for the goat anti-human IL-
13R-02 reagent. Plates were coated as described above,
and then washed with a Dynex plate washer (Richfield,
MN, USA) using PBS containing 0.05% Tween-20 (Pierce,
Rockford, IL, USA) (PBS-Tween). After the first two cycles,
plates were rotated 180° and the wash was repeated for a
total of four cycles. All subsequent washes were per-
formed in the same manner using the same buffer. Plates
were blocked with 0.5M NaCl SuperBlock® (Pierce) with
NaCl added to a final concentration of 0.5wm. Buffer was
made fresh for each use, added at 200 uL/well, and the
plate was incubated shaking at 12 g for 3-5 min. A seven-
point standard curve of recombinant human IL-13R-02/
Fc (R&D Systems) ranging from 8000 to 125 pg/mL with
one blank was used for each plate. Dilution buffer for the
standard curve consisted of control human healthy volun-
teer plasma diluted 1 : 4 in high salt (HS) PBS (500 mm NaCl,
2.7mm KCl, 8.1 mm Na,HPO,, and 1.47 mm KH,PO,) plus
1% bovine serum albumin (BSA) (Sigma, St Louis, MO,
USA). The dilution buffer was made fresh for each use.
Each sample was assayed in duplicate in three different
assay formats: (1) IL-13R-a2 quantitation. Plasma (25 uL)
was added to 75 pL sample dilution buffer (HS PBS+ 1%
BSA), made fresh for each use. The plate was sealed and
incubated static at 37 °C for 2 h & 10 min, and then washed
as described above. IL-13R-a2 detector antibody stock
was diluted to a working concentration of 200 ng/mL in
reagent diluent consisting of PBS+1% BSA. (2) False-
positive detection. The false-positive control assay was
run in parallel with the same protocol, using biotinylated
antibody to TNF-a or IL-17A diluted to 300 ng/mL in
reagent diluent. (3) Detection of exogenously added IL-
13R-a2 standard (spike-in). To determine if matrix inter-
ference effects were present, binding to exogenously
added IL-13R-a2 was determined in one of two ways: (i)
IL-13R-a2 standard was added at a 1 : 4 dilution of plasma
or (ii) IL-13R-a2 was added to undiluted plasma, incu-
bated for 30 min at room temperature, and the mixture
was then diluted 1:4. No significant differences were
observed between these procedures. The signal was de-
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tected using streptavidin-HRP conjugate (R&D Systems),
followed by TMB substrate.

Results

Demonstration of false-positive signal in the interleukin-
13R-u2 enzyme-linked immunosorbent assay

Using the standard protocol for the detection of human IL-
13R-02 with a commercially available ELISA kit, we found
a high incidence of serum samples containing detect-
able levels of IL-13R-a2. Average values of 38 ng/mL
were found for asthmatic subjects (n=11) and 30 ng/mL
for non-asthmatics (n=12). Differences between the
groups were not statistically significant (data not shown).
When the IL-13R-o2 standard curve was run in the same
protocol using false-positive control antibodies (biotiny-
lated anti-TNF-a or anti-IL-17A), no false-positive signal
was detected (Fig. 1a). However, when plasma samples
were tested using false-positive control antibodies, posi-
tive signals were observed, which were not attributable to
specific recognition of IL-13R-a2 (Fig. 1b).

Abrogation of false-positive signals using the SpecificBlue
enzyme-linked immunosorbent assay protocol

To reduce the false-positive signal for the detection of
IL-13R-a2 standard, we tested the effects of increasing
NaCl concentration in the blocking buffer, and addition of
NaCl and 1% BSA to dilution buffers. Effects were tested
both in dilution buffer and, to mimic the conditions of
tested levels in plasma samples, in plasma diluted 1:4 in
dilution buffer. We found that raising the NaCl concentra-
tion in both the blocking buffer (SuperBlock™) and the
dilution buffer to 0.5 M, and adding 1% BSA to the dilution
buffer abrogated the false-positive signal while preserving
the specific anti-IL-13R-a2 signal. These conditions are
referred to as the SpecificBlue ELISA protocol. Assay
sensitivity was not compromised by the increase in NaCl
concentration (Fig. 2). A standard curve of 8 ng/mL to
125 pg/mL was run in duplicate 10 times. At the 250 pg/
mL concentrations, the 9%CV from these runs was
10.2 +7.7%. At the 250 pg/mL concentrations, the %CV
from these runs was 22.2 + 20%. Note that although the
signals were highest with the protocol of PBS+0.05%
Tween and no BSA, background was also highest under
these conditions. Addition of 1% BSA decreased back-
ground, and elevation of NaCl concentration to 0.5Mm
lowered it further.

Levels of interleukin-13R-0.2 in the plasma of patients
with asthma and healthy volunteers

Using the SpecificBlue protocol modifications (0.5 m NaCl
in blocking buffer and HS PBS+1% BSA in dilution

Journal compilation © 2008 Blackwell Publishing Ltd, Clinical and Experimental Allergy, 1-8
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Fig. 1. Human IL-13R-a2 signal using the false-positive control detec-
tion antibodies. (a) Recombinant IL-13R-a2 standard curve in
PBS+0.05% Tween dilution buffer was not detected with false-positive
control antibodies (biotinylated anti-TNF-o or biotinylated anti-IL-17A).
(b) Human plasma samples from asthmatics and healthy volunteers show
an IL-13R-02 false-positive signal using the false-positive control
antibodies in the PBS-Tween buffer.

buffer), levels of IL-13R-a2 were assayed in plasma
samples from 120 asthmatics and 20 healthy volunteers
(total N=140). The signal obtained with the false-positive
detection antibodies was also measured for each sample.
In addition, signal from IL-13R-a2 standard exogenously
added to each sample was measured as a control for false
negatives. The signals were compared with those that had
been obtained using the standard PBS+0.05% Tween
protocol. Figure 3 shows the results obtained with 40
samples from asthmatic subjects. These results are repre-
sentative of the results obtained with all 120 samples from
asthmatic subjects, and with 20 samples from healthy
volunteer controls. In all cases, a positive signal was
obtained using the Standard ELISA protocol, and biotiny-
lated anti-IL-13R-o2 detection antibody (Fig. 3). This
signal was not specific, however, as all samples also gave
a signal using the false-positive control detection anti-
bodies, biotinylated anti-TNF-o (Fig. 3) or IL-17F (data
not shown). The SpecificBlue ELISA protocol eliminated
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Fig. 2. Comparison of IL-13R-2 standard curves in buffer and in diluted
plasma. IL-13R-u2 standard was diluted in PBS or in high salt (HS) buffer
containing 1% BSA and 0, 1:4 or 1:10 dilution of human control
plasma. Assay sensitivity was comparable under all conditions, but
signal was reduced in the presence of plasma. BSA, bovine serum
albumin.

the false-positive detection in all but two cases (discussed
below).

Detection of natural interleukin-13R-o.2 exogenously
added to plasma

The standard used for this assay was a dimeric recombi-
nant IL-13R-02-Fc chimeric protein construct, while the
soluble IL-13R-o2 in human plasma would be expected to
be monomeric, non-polymorphic, and unconjugated to Fc.
Therefore, we considered the possibility that IL-13R-o2
may have been present in the human plasma samples, but
was undetectable in this assay format because the ELISA
reagents were unable to recognize the natural form.
Therefore, we prepared a Tween-20-solubilized mem-
brane fraction of human A375 cells, which express high
levels of IL-13R-02 on the cell surface. The results
confirmed that this preparation of natural IL-13R-a2 was
detectable using the SpecificBlue protocol (Fig. 4).

Levels of interleukin-13R-0.2 in bronchoalveolar lavage
fluid samples

BAL fluid samples from 10 mild asthmatic and eight non-
asthmatic subjects were assayed using the SpecificBlue
protocol. For each subject, BAL fluid was collected at time
0 (pre-) and 24 h post-SAC. Representative data are shown
in Table 1. All BAL fluid samples, both pre- and post-
allergen challenge, gave signals with the false-positive
detection using TNF-o-specific antibody in the
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SpecificBlue protocol. Only two BAL samples (#1480 and
#1481) gave signals with specific detection reagents that
were higher in magnitude than those seen with the false-
positive detection reagents. No differences in magnitude
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0O IL-13R-02, special blue protocol

10000 % TNFo, special blue protocol
=5 . e o | ¥ IL-13R-02 spike-in, special blue protocol
g 1000 o
=) o © 0 o 00 °
£ 100 LO—‘;—M'—.-.‘—.‘r

L4 . L

3 S e, ®
?':-’ 10
=|I 1 b % S0
7] > o

40 asthma plasma samples

Fig. 3. SpecificBlue ELISA abrogates false-positive IL-13R-o2 signals. Forty
asthmatic plasma samples were run in the Standard (e) or the SpecificBlue
(0.5m NaCl SuperBlock and HS PBS diluent plus 1% BSA; (1) ELISA protocol.
With the SpecificBlue ELISA, all but two of the false-positive signals () were
below the detection limit. Recovery of spiked-in IL-13R-a2 (1 ng/mL; <).
Note that with the SpecificBlue protocol, the signals for specific IL-13R-22
detection ([1) and false-positive detection (%) overlap. BSA, bovine serum
albumin; HS, high salt; sIL-13R-a2, soluble form of IL-13R-a2.

or specificity of signal were noted related to the allergen
challenge. These data demonstrate that the SpecificBlue
protocol, successful in abrogating false-positive signals in
plasma samples, did not completely abrogate false-posi-
tive signals in the BAL fluid matrix. Because the false-
positive signal was equivalent to or higher than the signal
seen with IL-13R-o2 detection in most cases (Table 1), our
results do not convincingly show that IL-13R-a2 can be
detected in BAL fluid. Because some IL-13R-02 detection
remained using the SpecificBlue protocol, however, we
cannot definitively rule out this possibility.

Discussion

sIL-13R-a2 is a naturally occurring regulator of IL-13
function in murine systems, and has been proposed to
function similarly in humans. Nevertheless, sIL-13R-o2
has been difficult to detect reliably in samples of human
serum or plasma. Recently, novel ELISA formats have
been described by which sIL-13R-a2 was readily quanti-
tated in the vast majority of human serum samples tested.
Furthermore, levels appeared to be elevated in subjects
undergoing IL-13- mediated immune responses, including
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Fig. 4. Natural IL-13R-a2 is detectable using the SpecificBlue ELISA. (a) A375 human melanoma cells express high levels of cell surface IL-13R-a2, but
not IL-13R-a1. (b) Natural IL-13R-a2 recovered from A375 cells solubilized with Tween-20 was detected using the SpecificBlue ELISA protocol in the
absence (A) or presence (o) of control human plasma diluted 1 : 4. False-positive detection is shown ().
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Table 1. sIL-13R-o2 detection in BAL fluid

BAL donor number Status Allergen challenge™ IL-13R-02 detection (ng/mL)" False-positive detection (ng/mL]i
1276 HS Post 0.49 1.15
1314 Asthmatic Pre 0.42 1.26
1427 HS Post 0.13 1.13
1466 HS Pre 0.20 1.27
1475 Asthmatic Pre 0.18 1.08
1476 Asthmatic Post 0.68 1.09
1480 Asthmatic Pre 1.43 1.20
1481 Asthmatic Post 1.66 1.06
1503 Asthmatic Pre 0.88 0.98
1510 HS Pre <0.125 1.09
1541 Asthmatic Pre <0.125 0.94
1542 Asthmatic Post 0.16 1.07

*Samples were collected before (pre) or 24 h after (post) lung segmental challenge with Timothy grass or ragweed allergens.
Average reading (ng/mL) with IL-13R-02 detection reagent, using the SpecificBlue protocol.

fAverage reading (ng/mL) with false-positive detection reagent in the SpecificBlue protocol, using TNF-o-specific antibody.
BAL, bronchoalveolar lavage; HS, high salt; sIL-13R-a2, soluble form of IL-13R-a.2.

those with active parasite infestation [23]. These findings
raised the possibility that sIL-13R-a2 could function as a
critical component of IL-13 regulation in humans, whose
levels could be readily assayed for diagnostic or therapeu-
tic use. The SpecificBlue ELISA, described in detail here,
detects IL-13R-a2 at levels of 250 pg/mL or above. It has
adequate sensitivity to detect the levels of 1-100 ng/mL
sIL-13R-a2 that have been reported in human circulation
[23], and reliably quantitated sIL-13R-a2 standard that
was exogenously added to plasma. Using this assay,
endogenous IL-13R-a2 was undetectable in plasma sam-
ples from a total of 120 asthmatics and 20 healthy
subjects, and in BAL fluid from 10 asthmatics and eight
healthy subjects.

Initial runs of the assay detected levels of sIL-13R-a2
exceeding 1ng/mL in all human plasma samples tested,
consistent with levels reported in the literature [23].
Further investigation revealed that these readings were
false positives. When biotinylated detection reagents
specific for TNF-o or IL-17A were substituted for the
IL-13R-a2-specific detection reagent, readings of similar
magnitude were obtained. Importantly, the false-positive
readings were seen only in the biological samples, and not
with standards diluted in media. Our findings underscore
the necessity of performing numerous controls for the
detection of false-positive signals when working in the
plasma and serum matrixes. Using the SpecificBlue pro-
tocol, in which increased NaCl concentrations were used
in blocking and dilution buffers, combined with 1% BSA
in the dilution buffer, the false-positive signal was abro-
gated while the specific anti-IL-13R-a2 signal was pre-
served. In addition, we introduced the routine inclusion of
false-positive control detection antibodies, to alert us if a
signal detected from a plasma sample was attributable to
something other than specific recognition of IL-13R-02.

Even with the SpecificBlue protocol, two false-positive
signals were detected among the 140 total plasma samples
tested. This finding suggests that there are two sources
of false-positive signal, only one of which can be abro-
gated using the SpecificBlue protocol described here.
Preliminary evidence suggests that the second type of
false-positive signal is attributable to rheumatoid factor
(data not shown).

The lack of detectable sIL-13R-a2 in human samples
has important implications for our understanding of IL-13
regulation in human immune responses. In the mouse,
IL-13R-02 acts as a carrier for IL-13 in the circulation,
such that mice lacking IL-13R-a2 have accumulation of
the cytokine in tissues, but depleted IL-13 levels in the
blood [22]. In addition, IL-13R-a2 is thought to have a
‘decoy’ function. Whether on the cell surface or in soluble
form, IL-13R-a2 binds to IL-13 and sequesters it from the
lower affinity IL-13R-ol1 chain, preventing biological
responses to the cytokine [17, 28].

IL-13R-a2 can be expressed at high levels in synovial
fibroblasts [28], dermal keratinocytes, epithelial cells, and
macrophages, in addition to several brain tumours [29],
suggesting potential roles in a number of immune re-
sponses. Cell surface IL-13R-o2 expression can be induced
by high levels of IL-4 or IL-13, and regulated by TNF-a
and IFNy [11, 30, 31]. In murine models, induction of
surface IL-13R-a2 results in ablation of IL-13 signalling
responses [18-21]. Available evidence suggests a similar
role for IL-13R-a2 in human cells. Reduced IL-13 respon-
siveness was seen with the human lung epithelial cell line,
BEAS-2B [17], or the monocytic cell line, U937 [32], upon
transfection of IL-13R-a2 and cell surface expression. In
primary human fibroblasts and fibroblast lines, the STAT6
phosphorylation response to IL-13 was ablated following
induction of surface IL-13R-02 expression [11, 33].
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Recently, IL-13R-a2 expression was shown to impact
downstream responses. In primary human smooth muscle
cells, acetylcholine-induced Ca”** mobilization and pro-
liferation, responses stimulated by IL-13 treatment, were
reduced upon induction of cell surface IL-13R-a2 [34].
Levels of IL-13R-a2 expression on lung fibroblasts may be
reduced in asthmatics [35], which could affect regulation
of IL-13 function in the asthmatic lung. These observa-
tions strongly support the model of cell surface IL-13R-a2
acting as an antagonist of IL-13 bioactivity. Interestingly,
IL-13R-02 may abrogate responsiveness to IL-4 in addi-
tion to IL-13, by mechanisms that are still poorly defined
[12, 34, 36].

The cell surface form of IL-13R-a2 has a short cyto-
plasmic region, which lacks known signalling motifs [37,
38], but is capable of internalizing bound IL-13 [39, 40].
Evidence suggests the existence of an intracellular pool of
receptor, capable of rapidly populating the cell surface in
response to inducing agents [41]. Even in murine systems,
where the existence of sIL-13R-a2 is well validated, it is
unclear how sIL-13R-o2 is generated. Available data
indicate that very little, if any, IL-13R-a2 is spontaneously
shed from the cell surface [32]. Cell surface IL-13R-a2
may be enzymatically cleaved from the cell surface to
generate the soluble form. Intriguingly, the enzymatic
activity of house dust mite allergens is capable of releas-
ing cell surface-bound murine IL-13R-o2 [24], but this has
not yet been shown for human IL-13R-a2. Another
possibility is that sIL-13R-a2 may be encoded by an
alternatively spliced transcript. Short alternative tran-
scripts of IL-13R-a2 have been described in mice [37]
and in humans [42]. Recently, a short transcript in the
mouse was characterized as lacking the transmembrane
region, thus encoding sIL-13R-a2, and its expression
was preferentially induced in a mouse asthma model
[18]. Although mouse and human IL-13R-o2 proteins
share 59% amino acid homology [37], it is not yet clear
whether any of the alternatively spliced transcripts ob-
served in human cells encodes a form lacking the trans-
membrane region. The splice variants identified in the
human IL-13R-a2 gene involved alternative usage of the
first four (non-coding) exons, located in the 5’ UTR [42].
Whether this could influence translation efficiency or
further post-transcriptional processing to generate a so-
luble form is unknown.

The current findings suggest that levels of soluble IL-
13R-a2 in human circulation are below 250 pg/mL, the
detection limit of the SpecificBlue assay. This finding
implies that a major component of the murine IL-13
regulatory system, sIL-13R-a2, is lacking in humans. IL-
13-targeted therapeutics are currently being developed
for asthma, glioblastoma, Hodgkin’s lymphoma, and other
conditions. Initial reports of high circulating levels of
IL-13R-a2 in humans had raised the possibility that
sIL-13R-a2 could find utility as a biomarker for IL-13-

© 2008 The Authors

mediated immune responses. Given the failure to detect
sIL-13R-a2 using the currently available reagents in hu-
man plasma, even among severe asthmatics experiencing
exacerbation attacks, we conclude that sIL-13R-o2 would
not be an adequate biomarker for IL-13-mediated immune
responses. Further studies are needed to evaluate the role
and regulation of cell surface IL-13R-a2 as a natural
regulatory system for IL-13 in humans, in order to develop
effective IL-13 antagonists as therapeutics.
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