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Schistosoma mansoni egg-induced lung pathology re-
quires the actions of interleukin (IL)-4 and IL-13. Be-
cause receptors for IL-4 and IL-13 share chains, we
examined the effect of a fusion protein comprised of
IL-13 and Pseudomonas exotoxin (IL13-PE) on the
development of pulmonary granulomas in mice. At
day 8 after an intravenous injection of live S. mansoni
eggs, whole lung samples from IL13-PE-treated mice
exhibited significantly lower IL-4 and IL-13 gene ex-
pression, smaller granulomas, decreased collagen
levels, and increased IL-13 receptor �2 gene expres-
sion compared to controls. The therapeutic effects of
IL13-PE were also observed at day 16 despite the termi-
nation of IL13-PE treatment at day 8. These studies dem-
onstrate that targeting IL-4- and IL-13- responsive cells
with IL13-PE effectively arrests S. mansoni egg granu-
loma formation. (Am J Pathol 2002, 161:1283–1297)

IL-4 and IL-13 are a duo of pleiotropic cytokines that exert
similar and divergent effects in immune responses.1–4

Conserved or overlapping functions of these cytokines
include Ig isotype switching to IgE, eosinophilia, regula-
tion of inflammatory responses, and protective immunity
against helminth infections.3,5 The functions of these cy-
tokines diverge in key areas such as Th2 cell develop-
ment, tissue fibrosis, and endotoxemia.6,7 The complex
roles of IL-4 and IL-13 are further compounded by their
interaction with an array of cell surface receptors. IL-4
directly binds the IL-4 receptor � (IL-4R�) and IL-13
specifically binds the IL-13R�1 chain,8 but IL-4R� and
IL-13R�1 can form a functional receptor complex that
binds both ligands.9 IL-13 also binds with 100-fold higher
affinity for IL-13R�2 than IL-13R�1, but the IL-13R�2
chain does not seem to signal and may actually function
as an in vivo inhibitor of IL-13 function.10 IL-4 and IL-13
receptors are expressed on a variety of immune and

nonimmune cells including B cells, natural killer cells,
monocytes, mast cells, endothelial cells, and fibro-
blasts,8,11,12 but naı̈ve and memory T cells do not appear
to respond to the extracellular presence of IL-13.13,14

Previous studies have shown that the granulomatous re-
sponse elicited by Schistosoma mansoni via infection15–20

after intravenous injection of live S. mansoni eggs16,21–26 or
after intravenous injection of S. mansoni egg-antigen-coated
Sephadex beads27,28 is dependent on the Th2-dominant
cellular events mediated by IL-4 and IL-13. These previous
findings were derived from studies that used cytokine im-
munoneutralization, gene-knockout technology, or receptor
decoy strategies designed to target IL-4, IL-13, both cyto-
kines, or their receptors. For example, anti-IL-4 treatment
markedly inhibited granuloma formation in the lungs of mice
intravenously challenged with eggs.21 Similarly, IL-4 knock-
out or deficient (�/�) mice have been observed to generate
a modestly smaller granulomatous response to intrave-
nously introduced S. mansoni eggs compared with appro-
priate wild-type mice.22 The specific role for IL-13 after S.
mansoni infection17 and pulmonary embolization of S. man-
soni eggs24 was elucidated using a soluble IL-13R�2-Fc;
this IL-13 inhibitor markedly attenuated granuloma develop-
ment, pulmonary eosinophilia, and pathological hepatic
and pulmonary fibrosis. However, the greatest attenuation
of the synchronous pulmonary granulomatous response to
S. mansoni eggs has been observed in signal transducer
and activator of transcription (Stat)-6-deficient mice16 and in
IL-4/IL-13�/� mice.25 Together, these previous studies
highlight that IL-4 and IL-13 play significant roles during S.
mansoni-induced granuloma formation.

Given the exclusive and mutual roles of IL-4 and IL-13
during the granulomatous response to S. mansoni eggs,
the exploration of therapeutics that targets the action of
both cytokines is warranted. In the present study, we
examined the effect of IL-13 cytotoxin-PE38QQR (IL13-
PE), which is a chimeric molecule containing human
IL-13 and a derivative of Pseudomonas exotoxin (BH
Joshi and RK Puri, unpublished results)29,30 during syn-
chronous S. mansoni egg-induced pulmonary granuloma
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formation. We have previously used IL13-PE to successfully
reverse all of the Th2-associated features of Aspergillus fu-
migatus-induced allergic airway disease including airway
hyperreactivity and airway remodeling.31,32 In addition,
IL13-PE markedly reduced or abolished the whole lung
expression of IL-4R� and IL-13R�1 during Aspergillus-in-
duced allergic airway disease demonstrating that this IL-13
immunotoxin targets cells that are responsive to IL-4 and
IL-13.31,32 The present study showed that when given im-
mediately after or as late as 8 days after the intravenous
injection of live S. mansoni eggs, IL13-PE treatment signifi-
cantly arrested the development of the Th2-mediated pul-
monary granulomatous response. Interestingly, the IL13-PE
treatment seemed to be mediated through the inhibition of
IL-4, IL-13, and a concomitant dramatic increase in IL-13
decoy receptor (ie, IL-13R�2) expression.

Materials and Methods

S. mansoni Egg Pulmonary Granuloma Model

Primary, synchronous pulmonary granulomas were in-
duced in female, CBA/J mice (6 to 8 weeks old; Jackson
Laboratories, Bar Harbor, ME) after the intravenous injec-
tion of 3000 live, mature S. mansoni eggs. Live S. mansoni
eggs were derived from Swiss-Webster mice heavily in-
fected with S. mansoni (courtesy of Dr. Fred Lewis, Bio-
medical Research Laboratory, Rockville, MD) according
to previously described methods.33 The primary model of
Schistosoma egg-induced lung inflammation has been
used extensively to characterize the synchronous pulmo-
nary granulomatous response34,35 and model the evolu-
tion of the Th2 response.36

IL13-PE Treatment during Pulmonary
Granulomatous Responses to Embolized
S. mansoni Eggs

IL13-PE has been previously used in vivo to target and kill
tumor cells expressing IL-4R�, IL-13R�1, and IL-
13R�2.37,38 We have previously shown that IL13-PE (at a
dose of 200 ng/dose) ameliorated chronic fungal asthma
in two independent studies.31,32 The dosing protocols
used in the present study are outlined in Figure 1. In the
first protocol, groups of 15 mice received a 200 ng/dose
of IL13-PE dissolved in 10 �l of phosphate-buffered sa-
line (PBS) containing 0.25% human serum albumin, or
diluent, via an intranasal bolus starting immediately after
and every other day until day 8 after the S. mansoni egg
challenge. Mice were then examined at days 8 and 16
after the induction of the pulmonary granulomatous re-
sponse. In the second protocol, groups of five mice re-
ceived a 200 or 1000 ng/dose of IL13-PE, or diluent
starting at day 8 and continuing every other day until day
16 after the egg challenge, at which time the whole lungs
from each mouse were subjected to lung histological and
morphometric analysis (see below). In both protocols,
control groups received the appropriate volume of diluent
alone throughout the same time course.

Lung Histological and Morphometric Analysis

Whole lungs from IL13-PE and control groups of mice
(n � 10/group) at days 8 and 16 after the S. mansoni egg
challenge were fully inflated with 10% formalin, dis-
sected, and placed in fresh formalin for 24 hours. Routine
histological techniques were used to paraffin-embed the
entire lung, and 5-�m sections of whole lung were
stained with hematoxylin and eosin (H&E) or with Masson
trichrome. Inflammatory infiltrates and structural alter-
ations were examined around pulmonary granulomas
containing a single egg using light microscopy at a mag-
nification of �200. Morphometric analysis of egg granu-
loma size and Masson trichrome staining was performed
as previously described in detail.39 A minimum of 15
granulomas per lung section was analyzed for granuloma
size and collagen deposition. Once the mean granuloma
size in each mouse was statistically analyzed, these mea-
surements were then used for the group mean analysis.
Granuloma eosinophils were counted in high-powered
fields at a magnification of �1000.

Culture of Dispersed Lung and Spleen Cells

Whole lungs from IL13-PE and control groups of mice (n �
5/group) were removed at days 8 and 16 after S. mansoni
egg embolization. A portion of the right lobe and the spleen
from each mouse was then processed according to meth-
ods described in detail elsewhere.40 Briefly, lung and
spleen were mechanically dissociated by grinding each
organ over fine steel mesh, individual cells were quantified
using a hemocytometer, and 2 � 106 dispersed cells were
added to each well of six-well tissue culture plates (Corn-
ing Inc., Corning, NY). Triplicate wells were left un-
stimulated or exposed to 5 �g of purified S. mansoni
egg antigen. Tissue culture plates containing dis-
persed lung or spleen cells were then maintained in a
37°C incubator for 48 hours, after which time cell-free
supernatants were removed for enzyme-linked immu-
nosorbent assay (ELISA) analysis (see below).

Figure 1. Summary of the treatment protocols used in the present study.
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ELISA Analysis

Murine RANTES/CCL5, macrophage-derived chemokine
(MDC/CCL22), C10 chemokine/CCL6, macrophage in-
flammatory protein-1� (MIP-1�/CCL3), and IL-12 levels
were measured in 50-�l samples from cell-free superna-
tants using a standardized sandwich ELISA technique
previously described in detail.41 Each ELISA was
screened to ensure antibody specificity and recombinant
murine cytokines, and chemokines were used to gener-
ate the standard curves from which the concentrations
present in the samples were derived. The limit of ELISA
detection for each cytokine was consistently more than
50 pg/ml. The cytokine levels in each sample were nor-
malized to total protein levels measured using the Brad-
ford assay.

Serum levels of total IgE, IgG1, and IgG2a in the
IL13-PE treatment and control groups were analyzed us-
ing complementary capture and detection antibody pairs
for IgE, IgG1, and IgG2a according to the manufacturer’s
directions (PharMingen, San Diego, CA). Duplicate sera
samples were diluted to 1:100 for IgE determination and
1:1000 for determination of IgG1 and IgG2a levels. Im-
munoglobulin levels were then calculated from optical
density readings at 492 nm, and Ig concentrations were
calculated from a standard curve generated using re-
combinant IgE, IgG1, or IgG2a (all three standard curves
ranged from 5 to 2000 pg/ml).

Pulmonary Fibroblast Culture

The left lung from the IL13-PE-treated and control groups
(n � 5/group) at days 8 and 16 after the S. mansoni egg
challenge was prepared as previously described42 to
obtain pure primary cultures of lung fibroblasts. In brief,
the whole lung sample from each group was finely dis-
persed on steel mesh and the dispersed cells were then
placed into 150-cm2 cell culture flasks (Corning Inc.).
These cultured lung cells were serially passaged a total
of five times to yield pure populations of lung fibro-
blasts.42 The purified fibroblasts were then added to
24-well (at 1 � 103 cells/well) or 6-well (at 1 � 105

cells/well) tissue culture plates. To triplicate wells (in the
six-well plates) the following was added: medium alone,
or medium plus IL13-PE (0, 10, 200, or 1000 ng/ml). To
other triplicate wells (in the 24-well plates) the following
were added: 10 ng/ml of cytokine [IL-4, interferon (IFN)-�,
IL-10, IL-12, or IL-13] for 48 hours with the addition of 200
ng/ml of IL13-PE at 24 hours. Fibroblast proliferation was
assessed in 24-well plates via [3H]thymidine incorpora-
tion (10 �Ci/well) and RNA was isolated from lung fibro-
blasts in the six-well tissue culture plates.

Preparation of cDNA and Reverse
Transcriptase-Polymerase Chain Reaction
(RT-PCR) Amplification

Total RNA was prepared from the right lung samples re-
moved from mice in the IL13-PE-treated and control groups
(n � 3/group) at days 8 and 16 after the egg challenge, and

from the cultured pulmonary fibroblasts grown from the
same groups at day 16 after the S. mansoni egg challenge.
RNA was isolated using TRIzol Reagent according to the
manufacturer’s (Life Technologies, Inc., Rockville, MD) di-
rections. The purified RNA was subsequently reverse-tran-
scribed into cDNA using a BRL reverse transcription kit and
oligo (dT) 12-18 primers. The amplification buffer contained
50 mmol/L KCl, 10 mmol/L Tris-HCl, pH 8.3, and 2.5
mmol/L MgCl2). Specific oligonucleotide primers were
added (200 ng/sample) to the buffer, along with 1 �l of
reverse-transcribed cDNA sample. The following murine
oligonucleotide primers (5� to 3� sequences) were used
for RT-PCR analysis: IL-13 receptor �1 sense, GAATTT-
GAGCGTCTCTGTCGAA; IL-13 receptor �1 anti-sense,
GGTTATGCCAAATGCACTTGAG; IL-13 receptor �2
sense, ATGGCTTTTGTGCATATCAGAT; IL-13 receptor
�2 anti-sense, CAGGTGTGCTCCATTTCATTCT; procol-
lagen I sense, TCGTGACCGTGACCTTGCG; procollagen
I anti-sense, GAGGCACAGACGGCTGAGTAG; procolla-
gen III sense, AGCCACCTTGGTCAGTCCTA; procolla-
gen III anti-sense, TTCCTCCCACTCCAGACTTG.

These mixtures were then first incubated for 4 minutes
at 94°C and amplified using the following cycling param-
eters: IL-4R�: procollagen I, and procollagen III cycled
38 times at 94°C for 30 seconds, 55°C for 45 seconds,
and elongated at 72°C for 60 seconds; IL-13�1R: cycled
38 times at 94°C for 30 seconds, 66°C for 60 seconds,
and elongated at 72°C for 60 seconds; and IL-13�2R:
cycled 38 times at 94°C for 30 seconds, 66°C for 60
seconds, and elongated at 72°C for 60 seconds. After
amplification the samples were separated on a 2% aga-
rose gel containing 0.3 �g/ml of ethidium bromide and
bands visualized and photographed using a translucent
UV source.

Real-Time TaqMan PCR Analysis

Total RNA was isolated from right lobes of the lung (n �
5/group) and cultured pulmonary fibroblast samples at
days 0, 8, and 16 after the S. mansoni egg challenge as
described above. A total of 0.5 �g of total RNA was
reverse-transcribed to yield cDNA, and IL-13R�2, IL-4,
IL-13, IFN-�, tumor necrosis factor (TNF)-�, IL-5, MCP-1/
CCL2, and MIP-1� gene expression was analyzed by
real-time quantitative RT-PCR procedure using an ABI
Prism 7700 Sequence Detection System (Applied Biosys-
tems, Foster City, CA). GAPDH was analyzed as an in-
ternal control. All primers and probes were purchased
from Applied Biosystems. Gene expression was normal-
ized to GAPDH before the fold change in gene expres-
sion was calculated. The fold increases in receptor, cy-
tokine, and chemokine gene expression were calculated
via the comparison of gene expression of these cytokines
and cytokine receptor during the granulomatous re-
sponse to that detected before the intravenous injection
of eggs (ie, T � 0). All mRNA levels before egg emboli-
zation were assigned an arbitrary value of 1.
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Statistical Analysis

All results are expressed as mean � SEM (SE). A one-
way analysis of variance and a Dunnett’s multiple com-
parisons test or a Student’s t-test were used to reveal
statistical differences between the control group and the
IL13-PE treatment groups before and at days 8 and 16
after the S. mansoni egg challenge; P � 0.05 was con-
sidered statistically significant.

Results

IL13-PE Treatment Arrested S. mansoni Egg-
Induced Pulmonary Granuloma Formation

Morphometric analysis of pulmonary granulomas area is
summarized in Figure 2, A (protocol 1) and B (protocol 2).
After treatment according to protocol 1, pulmonary gran-
ulomas in IL13-PE-treated mice were significantly (P �
0.01) smaller at day 8 (the final day of the 200 ng/dose-
IL13-PE treatment) and (P � 0.001) at day 16 compared
with control-treated mice at the same times after the S.
mansoni egg challenge (Figure 2A). Specifically, the day
8 and day 16 granulomas were 44% and 67% smaller,
respectively, in the IL13-PE treatment groups compared
with the control groups at the same time after the egg
challenge. Mice treated with IL13-PE according to proto-
col 2, also exhibited significantly (P � 0.01) smaller gran-
ulomas, but this effect was only observed in the group of
S. mansoni egg-challenged mice that received the 1000
ng/dose of IL13-PE every other day from day 8 to day 16
(Figure 2B). Mice that received the higher dose of
IL13-PE in protocol 2 had lung granulomas that were 33%
smaller than the granulomas in the control group. Thus,
IL13-PE treatment using protocol 1 markedly attenuated
and appeared to interfere with the ongoing development
of pulmonary granulomas around S. mansoni ova in naı̈ve
mice. Given that IL13-PE seemed to have a greater pre-
ventive (ie, protocol 1) than therapeutic (ie, protocol 2)
effect on S. mansoni egg granuloma development we
focused the remainder of our study on protocol 1.

IL13-PE Treatment Significantly Increased
Whole Lung Gene Expression of IL-13R�2

RT-PCR analysis revealed that the expression of IL-
13R�1, a receptor chain that binds both IL-4 and IL-13,9

was constitutively present in whole lung samples from
naı̈ve mice (Figure 3A). After S. mansoni egg emboliza-
tion, IL-13R�1 gene expression was marginally increased
at days 8 and 16 in the PBS control groups (densitometry
analysis is shown in Figure 3B). In contrast, gene expres-
sion for IL-13R�1 gene was not increased at either day
after the egg challenge in the IL13-PE-treated groups
(Figure 3, A and B). At day 16 after the egg challenge, the
level of gene expression for IL-13R�1 was significantly
decreased in the IL13-PE-treated group compared with
the control group. Because we found that RT-PCR anal-
ysis was not sufficiently sensitive enough to detect IL-

13R�2 expression in whole lung samples, we used quan-
titative TaqMan PCR analysis to examine temporal
changes in this decoy receptor for IL-13.43 As shown in
Figure 3C, whole lung expression of IL-13R�2 was not
altered in the control group during the course of the S.
mansoni egg challenge in the control group. Conversely,
IL-13R�2 gene expression was increased at day 8 and
statistically significantly increased at day 16 when com-
pared to the control group at the same time after the egg
embolization. Taken together, these data suggested that
IL13-PE targeted cells expressing a receptor that can
recognize IL-4 and IL-13 while concomitantly increasing
the pulmonary expression of an IL-13-specific decoy re-
ceptor.

IL13-PE Treatment Did Not Significantly Reduce
Circulating Levels of IgE, IgG1, or IgG2a

Serum levels of total IgE, IgG1, and IgG2a are summa-
rized in Table 1. When administered according to proto-

Figure 2. Morphometric analysis of pulmonary granuloma areas. Cohorts of
10 mice/group were injected intravenously with 3000 live S. mansoni eggs.
A: S. mansoni egg-challenged mice then received diluent or 200 ng/dose of
IL13-PE every other day starting at day 0 and concluding at day 8 after the egg
challenge (see protocol 1 in Figure 1). B: In other cohorts of S. mansoni
egg-challenged mice, diluent or IL13-PE was administered once every other
day from days 8 to 16 after the egg challenge (see protocol 2 in Figure 1). At
least 10 granulomas/mouse were measured per group. The dashed line
demarcates the average area of an egg. Values are expressed as mean � SE;
n � 5 mice/group. **, P � 0.01; ***, P � 0.001 compared with the granuloma
size in the control group at the same time after S. mansoni egg challenge.
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col 1, IL13-PE treatment from day 0 to day 8 after S.
mansoni egg embolization did not significantly affect cir-
culating levels of IgE, IgG1, and IgG2a. Serum levels of
IgG1 were significantly increased at day 16 after egg
embolization in the IL13-PE-treated group compared with
the control group at the same time. Thus, these data
suggested that IL13-PE did not specifically target Ig-
producing cells during S. mansoni egg challenge.

The IL13-PE Treatment Significantly Reduced
the Presence of Eosinophils and Collagen in
Pulmonary Granulomas

S. mansoni egg granulomas are composed of a number
of immune and nonimmune cells including eosinophils,
macrophages, lymphocytes, neutrophils, mast cells, and
fibroblasts.15 Given the strong Th2-driven response in-
voked by the S. mansoni egg, eosinophils typically com-
prise between 50 to 70% of the cells present in the
circumoval granulomas.24 Representative H&E-stained
histological sections from the control and IL13-PE treat-
ment groups included in protocol 1 are shown in Figure 4
(A and B represent day 8; C and D represent day 16). The
average pulmonary granuloma size was markedly re-
duced at both times after the egg challenge in the
IL13-PE treatment groups (Figure 4, B and D, respective-
ly). However, despite the reduced size of granulomas at
day 8 in the IL13-PE-treated group, eosinophils were
prominent around S. mansoni eggs at this time. Quantifi-
cation of eosinophils around pulmonary granulomas con-
firmed that similar numbers of eosinophils were present in
both groups at day 8, despite the significant differences
in the size of the granulomas (Figure 5). The diminution of
granuloma size in the IL13-PE-treated groups appeared
to be because of the marked absence of mononuclear
cells in these lesions. However, significantly fewer eosin-
ophils were detected in pulmonary granulomas from the
IL13-PE treatment group at day 16 after the S. mansoni
ova challenge (Figure 5).

Previous studies have shown that IL-13 is a major
mediator of fibroblast activation and tissue fibro-
sis.17,44,45 In the present study, the peribronchial distri-
bution of extracellular matrix and fibroblasts, revealed by
the Masson trichrome stain, was pronounced in the gran-
ulomas of the control groups at days 8 and 16 after the S.
mansoni egg challenge (Figure 4, E and G). In contrast,
Masson trichrome staining appeared to be much less
prominent in granulomas in the IL13-PE treatment groups
particularly at day 16 after the egg challenge given the
markedly smaller granulomas present in these mice (Fig-
ure 4, F and H). RT-PCR confirmation of this observation
is shown in Figure 6, A and B, in which the levels of
procollagen I mRNA expression were significantly lower
in the IL13-PE treatment groups at day 16 after the egg
challenge. Taken together, these data suggest that tar-
geting lung cells that recognize IL-4 and IL-13 signifi-
cantly reduced the degree of lung fibrosis associated
with S. mansoni egg-induced pulmonary granulomas.

IL13-PE Treatment Prevented the Significant
Increase in Whole Lung Gene Expression of
IL-13 and IL-4 after S. mansoni Egg Challenge

We next examined by TaqMan real-time PCR whether the
IL13-PE treatment used in protocol 1 affected the gene
expression of IL-13, IL-4, and IFN-� in whole lung sam-
ples at days 0, 8, and 16 after S. mansoni egg challenge.
At day 8 after the egg challenge in the control group,

Figure 3. A: Representative RT-PCR analysis of �-actin and IL-13 receptor �1
(IL-13R�1) in whole lung samples from S. mansoni egg-challenged mice at days
0, 8, and 16 after the egg challenge. S. mansoni egg-challenged mice then
received diluent or a 200 ng/dose of IL13-PE every other day starting at day 0 and
concluding at day 8 after the egg challenge (see protocol 1 in Figure 1). B:
Densitometry analysis was used to determine the ratio of IL-13R�1:�-actin mRNA
in the treatment groups. These ratios confirmed that the mRNA levels for
IL-13R�1 were significantly reduced in the IL13-PE treatment group compared
with the control group (at day 16 after the egg challenge). *, P � 0.05. Values are
expressed as mean � SEM; n � 3 mice/group. C: Because IL-13R�2 mRNA was
expressed in minuscule quantities in the whole lung samples using RT-PCR
analysis, we used quantitative TaqMan PCR to monitor changes in IL-13R�2
expression. Temporal significant changes in IL-13R�2 gene expression were
noted in the IL13-PE-treated groups but not in the control groups after the egg
challenge. Values are expressed as mean � SE; n � 5 mice/group. **, P � 0.01
compared with IL-13R�2 gene expression in the control group at the same time
after the egg challenge.
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IL-13 and IL-4 gene expressions were increased 70- and
125-fold, respectively, compared with levels of these
genes in whole lung samples at day 0 (Figure 7, A and B).
In addition, whole lung gene expression of IL-13 was
significantly lower in the IL13-PE-treated group com-
pared with the control group at this time. At day 16 after
the egg challenge, IL-4 and IL-13 gene expressions were
significantly increased in the control group above levels
measured at day 0, and gene expression for both Th2
cytokines was significantly decreased compared with the
control group at this time after the egg challenge. Be-
cause IL-4/IL-13�/� mice exhibit a marked increase in
IFN-� levels during intrapulmonary S. mansoni egg chal-
lenge,25 we determined whether a similar shift in IFN-�
levels occurred in IL13-PE-treated mice. As shown in
Figure 7C, significantly (P � 0.0329) less whole lung IFN-�
gene expression was observed in the IL13-PE-treated
group compared with the control group at day 8 after the
egg challenge. At day 16, both groups exhibited similar
gene expression for IFN-�. These data showed that IL13-PE
targeted cells that generated IL-13 and IL-4, but this same
treatment also negatively affected IFN-�-expressing cells in
the lung during S. mansoni egg challenge.

IL13-PE Treatment Prevented the Significant
Increase in Whole Lung Gene Expression of
TNF-� and MCP-1/CCL2 after S. mansoni Egg
Challenge

TNF-�, IL-5, MCP-1/CCL2, and MIP-1�/CCL3 gene ex-
pression were examined in whole lung samples using
TaqMan real-time PCR (Figure 8; A to D). TNF-� (Figure
8A) and MCP-1/CCL2 (Figure 8C) gene expression was
significantly increased in whole lung samples in the con-
trol group at day 8 compared with corresponding gene
expression at day 0. Similar significant increases in
TNF-� and MCP-1/CCL2 were not detected in IL13-PE-
treated mice at either day 8 or 16 after the egg challenge.
In addition, elevations in gene expression for IL-5 (Figure

8B) and MIP-1�/CCL3 (Figure 8D) were detected in the
control groups at both days after the egg challenge, but
these increases were not statistically different from gene
expression measured at day 0. Whole lung gene expres-
sion for these two mediators was also lower in the IL13-
PE-treated groups at days 8 and 16 after S. mansoni egg
challenge. These data suggested that the IL13-PE treat-
ment also targeted cells with the capacity to generate
cytokines and chemokines that have been previously
shown to contribute to the granulomatous response to S.
mansoni eggs.35,46

IL13-PE Treatment Significantly Reduced S.
mansoni Antigen-Induced Chemokine Synthesis
by Cells Cultured from Whole Lung Samples

A number of previous studies have shown that the gran-
ulomatous response to S. mansoni eggs and antigens
requires the concerted actions of chemotactic cytokines
or chemokines.47 The analysis of chemokine generation
in cultures of dispersed lung cells is summarized in Fig-
ure 9. These experiments addressed whether IL13-PE
targeted cells in the lung that could respond to S. man-
soni egg antigen and subsequently generate chemo-
kines. The incubation of dispersed lung cells from control
mice at day 8 after egg challenge with S. mansoni egg
antigen resulted in a significant elevation in RANTES/
CCL5 (Figure 9A), MDC/CCL22 (Figure 9B), C10/CCL6
(Figure 9C), and MIP-1�/CCL6 (Figure 9D) in cell-free
supernatants compared with supernatants from similarly
challenged and equivalent numbers (2 � 106 cells/well)
of dispersed lung cells from naı̈ve mice (ie, day 0). Two
million S. mansoni egg antigen-challenged lung cells from
IL13-PE-treated mice at day 8 after egg challenge did not
exhibit similar increases in chemokine generation, and
C10/CCL6 and MIP-1�/CCL3 levels were actually signif-
icantly decreased compared with S. mansoni egg anti-
gen-challenged lung cells from naı̈ve mice. These data
suggested that IL13-PE targeted S. mansoni egg antigen-

Table 1. Serum Levels of IgE, IgG1, and IgG2a at days 0, 8, and 16 after S. mansoni egg injection

Ig isotype
(�g/ml)

Time after S. mansoni Egg Injection

Day 0
Day 8

(control)
Day 8

(�IL13-PE)
Day 16
(control)

Day 16
(�IL13-PE)

IgE N.D. N.D. N.D. 6.5 � 0.2 8.3 � 1.4
IgG1 11.4 � 1.8 21 � 3.9 18.3 � 3.7 16.8 � 0.6 29 � 0.6*
IgG2a 34 � 5.8 88.7 � 15 78.2 � 2.2 69.2 � 5.1 90 � 24

N.D., none detected.
* P �0.05 compared with serum IgG1 levels measured in the control group at day 16.
Mice were treated with IL13-PE or diluent according to protocol 1. Values are expressed as mean � SE; n � 5 mice/group.

Figure 4. Representative photomicrographs of H&E-stained (A–D) and Masson trichrome-stained (E–H) whole lung sections at days 8 and 16 after S. mansoni
egg injection in the control (human serum albumin-PBS vehicle or diluent) and IL-13-PE38QQR (IL13-PE) treatment groups. S. mansoni egg-challenged mice
received diluent or a 200 ng/dose of IL13-PE every other day starting at day 0 and concluding at day 8 after the egg challenge (see protocol 1 in Figure 1).
Histological analysis of whole lung samples from both groups at days 8 and 16 after the egg challenge was conducted as described in Materials and Methods. A
marked accumulation of inflammatory leukocytes was apparent around egg granulomas at days 8 (A) and 16 (C) in naı̈ve mice that received diluent alone from
days 0 to 8 after the egg challenge. In contrast, fewer leukocytes were apparent around egg granulomas in IL13-PE-treated mice at days 8 (B) and 16 (D)
corresponding to the smaller sized granulomas measured in these mice (see Figure 3). Collagen (light blue-stained material) was prominent around S. mansoni
eggs at days 8 (E) and 16 (G) in the control groups. Collagen was also detected around S. mansoni eggs in IL13-PE-treated mice at day 8 (F), but markedly less
collagen was observed around granulomas in this group at day 16 (H), presumably because of the much smaller size of the granulomas measured in these mice
(see Figure 3). Original magnifications, �200.
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responsive cells typically associated with this pulmonary
granulomatous response.

IL13-PE Significantly Increased IL-12
Production by Cells Cultured from Whole Lung
and Spleen Samples

Previous studies have shown that IL-12 is a potent inhib-
itor of the granulomatous and Th2 responses evoked by
S. mansoni.18,48–51 The effect of IL13-PE on IL-12 synthe-
sis by dispersed lung cells and spleen cells is shown in
Figure 10, top and bottom panels, respectively. Dis-
persed lung cells (2 � 106 cells/well) from the control and
IL13-PE-treated groups at day 8 after the egg challenge
produced significantly higher amounts of IL-12 on S.
mansoni egg antigen challenge compared with similar
number of cells from naı̈ve mice activated in the same
manner. However, it was noteworthy that unstimulated
cultures of dispersed lung cells from IL13-PE-treated
mice also released significantly increased amounts of
IL-12 compared with naı̈ve lung cells. The effect of
IL13-PE on IL-12 synthesis appeared to be limited to the
lung because no significant differences were detected
among the spleen cell cultures examined (Figure 10,
bottom). These data suggested that IL13-PE significantly
altered the generation of IL-12 in the lung, and this effect
may have partly accounted for the effect of this chimeric
protein on the granulomatous response to S. mansoni
eggs.

IL13-PE Inhibits Proliferation and Procollagen III
Expression in Cultured Pulmonary Fibroblasts
Derived from S. mansoni Egg Granulomas

The direct effect of IL13-PE on cultured pulmonary fibro-
blast proliferation and receptor expression is summa-
rized in Figure 11. Pulmonary fibroblasts were purified
from whole lung samples removed from untreated mice at
day 16 after the S. mansoni egg embolization. These
cultured pulmonary fibroblasts exhibited aggressive pro-
liferative characteristics, but as shown in Figure 11A the
exposure of these cultured fibroblasts to 200 or 1000
ng/ml of IL13-PE significantly reduced their proliferation
as determined by [3H]thymidine incorporation. RT-PCR
analysis of mRNA from cultured pulmonary fibroblasts
after their exposure to IL13-PE revealed that this chimeric
protein also significantly reduced the gene expression of
procollagen III; the greatest inhibitory effect on procolla-
gen III gene expression was observed when these cells
were exposed to 1000 ng/ml of IL13-PE (Figure 11B).
Thus, these findings demonstrated that IL13-PE targeted
fibroblasts and markedly inhibited the proliferative and
procollagen III synthesis responses by these cells.

IL13-PE Induces IL-13R�2 Gene Expression in
Cultured Pulmonary Fibroblasts Derived from
S. mansoni Egg Granulomas

The intriguing finding that IL13-PE treatment significantly
increased IL-13R�2 expression in whole lung samples
led us to examine whether this effect was related to

Figure 5. Eosinophil counts in individual granulomas at days 8 and 16 after
S. mansoni egg injection in the control (human serum albumin-PBS vehicle
or diluent) and IL-13-PE38QQR (IL13-PE) treatment groups. S. mansoni
egg-challenged mice received diluent or a 200 ng/dose of IL13-PE every
other day starting at day 0 and concluding at day 8 after the egg challenge
(see protocol 1 in Figure 1). Histological analysis of whole lung samples from
both groups at days 8 and 16 after the egg challenge was conducted as
described in Materials and Methods. Values are expressed as mean � SE; n �
5 mice/group. ***, P � 0.001 compared with eosinophils counted at day 8 in
the control group. ���, P � 0.001 compared with eosinophils counted at day
16 in the control group.

Figure 6. Whole lung procollagen I mRNA expression (A) and percentage of
collagen content at days 8 and 16 after S. mansoni egg injection in the control
(human serum albumin-PBS vehicle or diluent) and IL-13-PE38QQR (IL13-
PE) treatment groups (B). Densitometry analysis was used to determine the
ratios of procollagen I:�-actin mRNA in the treatment groups. Values are
expressed as mean � SE; n � 3 mice/group. **, P � 0.01 compared with the
densitometry analysis of the control group at day 16 after the egg challenge.
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changes in pulmonary fibroblasts. We therefore exam-
ined the effect of IL13-PE on the proliferation of cultured
lung fibroblasts and the ability of these cells to express
IL-13R�2 after their exposure to IL13-PE. Of some sur-
prise was the finding that those fibroblasts that remained
after IL13-PE exposure displayed a significant, dose-
related increase in IL-13R�2 gene expression (Figure 12,
A and B). This increase may have been related to an
effect mediated by IL-13 in this fusion protein considering
that recombinant IL-13 was a potent inducer of IL-13R�2
gene expression in pulmonary fibroblasts when IL13-PE

(200 ng/ml) was present in the culture (Figure 12C).
Together, these data provided evidence that IL13-PE
targeted pulmonary fibroblasts (presumably accounting
for the significant decrease in fibroblast proliferation) and
induced IL-13R�2 gene expression in surviving fibro-
blasts (presumably accounting for the marked increase
in IL-13R�2 in whole lung samples from IL13-PE-treated
mice).

Discussion

Experimental S. mansoni egg embolization in the lung
initiates a dynamic Th2 cytokine-mediated pathological
process that involves the concerted actions of IL-4 and
IL-13.3 Previous studies have shown that the simulta-
neous disruption of IL-4 and IL-13 in mice through a
single vector gene targeting strategy abrogates the de-
velopment of pulmonary granulomas around intrave-
nously injected S. mansoni eggs, whereas IL-4�/� and
IL-13�/� mice retained the ability to mount a limited Th2
response.25 These findings and additional observations
in STAT-6�/� mice16 were our impetus to explore the
effect of a novel chimeric protein, IL13-PE38QQR or IL13-
PE, containing human IL-13 and Pseudomonas exotoxin
on the aggressive granulomatous and Th2 responses
driven by intravenously introduced S. mansoni eggs.52

IL13-PE30 has been previously used to successfully tar-
get human cancer cells expressing functional IL-4 and
IL-13 receptors in vitro29,53–55 and in vivo.37,38,56,57 The
utility of this molecule was also recently described in two
independent studies of a model of chronic allergic airway
disease induced by A. fumigatus.31,32 Because IL13-PE
targeted IL-4R�- and IL-13R�1-positive cells in the aller-
gic lung31,32 and in the lungs of mice challenged with live
S. mansoni eggs (observed in the present study), this
chimeric protein provided an effective treatment for at-
tenuating the granulomatous and Th2 responses invoked
by S. mansoni eggs. The data shown herein demonstrate
that the intranasal administration of IL13-PE, whether
given immediately after (according to protocol 1) or at
day 8 (according to protocol 2) after S. mansoni egg
injection, significantly reduced the S. mansoni egg-in-
duced granuloma formation. It was apparent that IL13-PE
treatment had a pronounced inhibitory effect on the de-
velopmental stage of the egg granuloma (ie, from days 0
to 8), and a more modest therapeutic effect in this model
once the egg granuloma was established (ie, after day 8).
One explanation for the diminished therapeutic effect of
IL13-PE may be that this chimeric protein was unable to
effectively penetrate and target the leukocytes in the
established egg granuloma. Nevertheless, when admin-
istered according to protocol 1, IL13-PE significantly re-
duced most of the major Th2-mediated features of this
model including enhanced Th2 cytokine generation, eo-
sinophil persistence in the granuloma, and the fibrotic
response around S. mansoni eggs. More importantly,
these Th2-associated features did not reappear on the
cessation of IL13-PE treatment suggesting that IL13-PE
effectively targets the effector cells that modulate the
ova-induced granulomatous response. Also of major in-

Figure 7. Quantitative TaqMan PCR analysis of whole lung gene expression
of IL-13 (A), IL-4 (B), and IFN-� (C) at days 0, 8, and 16 after S. mansoni egg
challenge in naı̈ve mice. RNA was isolated from whole lung samples and
cytokine gene expression was quantified as described in Materials and
Methods. Values are expressed as mean � SE; n � 5 mice/group. *, P � 0.05;
**, P � 0.01 compared with cytokine gene expression at day 0. �, P � 0.05
compared with cytokine gene expression in the control group at day 8 or day
16 after the egg challenge.
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terest, was the finding that IL13-PE up-regulated the ex-
pression of the decoy IL-13 receptor (IL-13R�2) in whole
lung samples and in cultured fibroblasts. Although it re-
mains to be confirmed whether the increase in IL-13R�2
gene expression represents the entire gene or the extra-
cellular domain of IL-13R�2 chain, these findings dem-
onstrate that IL13-PE not only inhibits the proliferation of
IL-13-responsive fibroblasts, it also induces IL-13R�2
chain on these cells. The IL-13R�2 chain has been shown
to effectively block the effects of IL-13. Taken together
these findings demonstrate that IL13-PE significantly at-
tenuates the effects of IL-4 and IL-13 during the immune
response to S. mansoni ova.

Considerable research attention has been directed at
identifying the specific temporal roles of several inflam-
matory and immune mediators in the development of
synchronous S. mansoni-induced egg granulomas in the
lung. Early studies pointed to distinct roles for arachi-
donic acid metabolites such as prostaglandins58 and
leukotrienes59 in the pulmonary granulomatous re-

sponse. More recently, attention has turned to cytokines
and gene analysis revealed that the introduction of S.
mansoni eggs into mice initiated a unique pattern of
cytokine expression dominated by IFN-�, IL-1�, and IL-6
at day 1; IL-2, IL-4, and IL-10 at day 3; and TNF-� and
IL-5 at day 6.60 When S. mansoni ova-challenged mice
received either anti-IL-2 or anti-IL-4 antibodies, the size of
the egg granulomas were significantly reduced in both
groups of treated mice.60 Additional studies highlighted
that IL-1�61 and TNF-� (via intercellular adhesion mole-
cule-1)62 both contribute to the development of S. man-
soni egg granulomas in the lung. A number of recent
studies have addressed the relative importance of the
Th2 response to the pulmonary granulomatous response.
These studies have revealed that Th2 cells60 and eosin-
ophils,63 which generate IL-4, strongly promote the de-
velopment of granulomas whereas natural killer cells pre-
sumably generating IFN-� and IL-12 suppress the
formation of this lesion.48 Further studies in cytokine
gene-deficient mice outlined the relative importance of

Figure 8. Quantitative TaqMan PCR analysis of whole lung gene expression of TNF-� (A), IL-5 (B), MCP-1/CCL2 (C), and MIP-1�/CCL3 (D) at days 0, 8, and 16
after S. mansoni egg challenge in naı̈ve mice. RNA was isolated from whole lung samples and cytokine gene expression was quantified as described in Materials
and Methods. Values are expressed as mean � SE; n � 5 mice/group. *, P � 0.05 compared with cytokine gene expression at day 0; � , P � 0.05 compared with
cytokine gene expression in control group at day 8.
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individual as well as synergistic actions of these cyto-
kines in the pulmonary granulomatous response: IL-
10�/� mice exhibited a mixed Th1 and Th2 response
with reduced granulomas; IL-4�/� mice exhibited dimin-
ished Th2 response and modest reductions in granuloma
size; IL-4/IL-10�/� mice exhibited a completely defec-
tive pulmonary granuloma formation process and a Th1
cytokine response; IL-12/IL-10�/� mice exhibited an ex-
aggerated Th2 cytokine response.64 The granulomatous
and Th2 response to S. mansoni eggs has also been
shown to be dependent on the contribution of B7-2 (a
CD28/CTLA4 ligand),23 Stat-6�/�,16 and IL-13.24 Ulti-
mately, it was the finding that IL-4/IL-13�/� mice fail to
develop any evidence of a granulomatous or Th2 re-
sponse to S. mansoni eggs that clearly demonstrated the
unequivocal role of both Th2 cytokines in this response.25

Clearly, the data derived from gene knockout mice
show that IL-4 and IL-13 act in concert to promote an
aggressive response to S. mansoni eggs revealing the
need to explore therapeutics that target these cytokines
or the cells they activate.16,25 The recent studies by Chi-
aramonte and colleagues24 also highlighted this fact in
showing that a soluble IL-13R�2-Fc fusion protein admin-
istered by intraperitoneal injection significantly reduced

serum IgE levels and the size of egg granulomas, but this
soluble IL-13 antagonist only attenuated the Th2 cytokine
response, eosinophilia, and the fibrotic response when it
was administered to IL-4�/� mice after S. mansoni egg
challenge. In the present study, IL13-PE treatment ap-
peared to target or modulate the function of IL-4- and
IL-13-responsive cells because IL-13R�1 gene expres-
sion was markedly reduced in mice that received this
chimeric protein. At this point the characteristics of the
targeted cells are unknown, but considering that IL-4 and
IL-13 gene expression were all markedly reduced at days
8 and 16 after the egg challenge it is probable that CD4�

T cells were targeted by IL13-PE. Previous studies have
shown that the production of both cytokines is primarily
dependent on the presence of CD4� T cells.24 In addi-
tion, we have previously observed that IL13-PE treatment
significantly reduced the numbers of CD4� T cells in the
lung during chronic fungal asthma (CM Hosgaboam, un-
published findings). However, other cells that concur-
rently express IL-4 and/or IL-13 receptors, and generate
these cytokines include mast cells, basophils, natural
killer cells, B cells, and monocytes.14 The targeting of
these other cells may also explain the reduction in whole
lung gene expression of TNF-�, and in chemokines such

Figure 9. Chemokine generation by cultured lung cells with or without S. mansoni egg antigen rechallenge. Lung cells were dispersed from whole lung samples
removed at day 0 or day 8 after S. mansoni egg challenge, cultured for 48 hours in the presence or absence of S. mansoni egg antigen, and cell-free supernatants
were removed for ELISA analysis. Values are expressed as mean � SE; n � 5 mice/group. *, P � 0.05; **, P � 0.01; ***, P � 0.001 compared with levels measured
at day 0 (ie, before S. mansoni egg injection).
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as macrophage inflammatory protein-1� (MIP-1�/CCL3)
and monocyte chemoattractant protein-1 (MCP-1/CCL2).
The latter two chemokines contribute to the development
of synchronous pulmonary granulomas after S. mansoni
egg challenge.33,65,66 Other deficiencies in chemokine
generation were noted in experiments designed to as-
sess the antigen recall of mixed cultures of lung cells.
These studies showed that lung cells from day 8 (after
egg challenge) lungs exposed to IL13-PE had a markedly
reduced capacity to generate RANTES/CCL5, MDC/
CCL22, C10/CCL6, and MIP-1�/CCL3 compared with
day 8 lungs cells from the control group. The lack of
chemokine generation in the IL13-PE-treated group may
explain the diminished number of leukocytes that were
present in the granulomas of these treated mice. Specif-
ically, the diminished numbers of eosinophils in the gran-
ulomas of IL13-PE-treated mice may have reflected the
diminished levels of major eosinophils chemoattractants
such as C10/CCL6, RANTES/CCL5, and MIP-1�/CCL3.67

Because naı̈ve Stat-6�/�16 and IL-4/IL-13�/�25 mice
appear to develop a S. mansoni egg antigen-specific Th1
response when intravenously challenged with S. mansoni
eggs, we examined whether IL13-PE treatment promoted
a similar Th1 response. Our previous studies using
IL13-PE treatment in a model of chronic fungal asthma
showed that targeting IL-4 and IL-13-responsive cells
resulted in significantly increased levels of IFN-� in the
lung.31 In the present study, examination of whole lung

Figure 10. IL-12 levels in cultures of dispersed cells derived from whole lung
homogenates (A) and whole spleens (B) at day 8 after S. mansoni egg
challenge in the control (human serum albumin-PBS vehicle or diluent) and
IL-13-PE38QQR (IL13-PE) treatment groups. S. mansoni egg-challenged
mice received diluent or a 200 ng/dose of IL13-PE every other day starting at
day 0 and concluding at day 8 after embolization of eggs (see Materials and
Methods). Immunoreactive levels of IL-12 in cell-free supernatants were
measured using a specific ELISA as described in the Materials and Methods
section. Values are expressed as mean � SE; n � 5 mice/group. **, P � 0.01
compared with levels measured at day 0 (ie, before S. mansoni egg injection).

Figure 11. Fibroblast proliferation (A) and procollagen III gene expression
(B) in cultured lung fibroblasts. Densitometry analysis was used to determine
the ratios of procollagen III:�-actin mRNA in the treatment groups (C).
Pulmonary fibroblasts were isolated from untreated mice at day 16 after egg
embolization and exposed to increasing (0 to 1000 ng/ml) amounts of
IL13-PE for 48 hours. After this time, [3H]thymidine incorporation was mon-
itored in some cultures whereas others were used to isolate mRNA for
RT-PCR analysis. Values are expressed as mean � SE; n � 5 mice/treatment.
*, P � 0.05; **, P � 0.01; ***, P � 0.001 compared with proliferation measured
in control or untreated fibroblasts.
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samples revealed that IFN-� gene expression levels were
significantly decreased (at day 8) by the IL13-PE treat-
ment used in protocol 1. However, analysis of dispersed
cells from whole lungs of IL13-PE-treated mice at day
after S. mansoni egg challenge revealed enhanced S.
mansoni egg antigen-induced IL-12 production. This find-
ing is particularly interesting in light of the potent down-
regulatory effect of IL-12 on the development of S. man-
soni egg-induced granulomatous responses.49,68,69

However, these findings are somewhat tempered by re-
cent findings from Stat-4�/� mice, which lack IL-12-
mediated immune responses,70 in which pulmonary
granuloma formation was modestly inhibited during S.
mansoni infection.16 Regardless of the precise role in-
voked by Th1-type cytokines during S. mansoni egg gran-
uloma formation, it was apparent from the present study
that IL13-PE treatment did not appear to promote an
aggressive Th1 cytokine response as a result of its dim-
inution of the Th2 cytokine response.

The decrease in procollagen I gene levels in whole
lung samples from IL13-PE-treated mice compared with
their appropriate controls suggests that this chimeric pro-
tein targets the survival and actions of pulmonary fibro-

blasts. Although the fibrotic response was significantly
decreased in IL13-PE-treated mice (corresponding to the
significantly smaller granulomas in these mice), the fi-
brotic response did not appear completely inhibited by
the targeting of IL-4- and IL-13-responsive lung cells with
this chimeric protein. Examination of the relative contri-
bution of collagen to the cross-sectional area of the egg
granulomas confirmed that collagen remained a major
component of the diminished granuloma in IL13-PE-
treated mice. This finding is clearly important in light of
the finding that IL-4�/� and IL-4/IL-13�/� mice develop
severe liver pathology and die after infection by S. man-
soni and this susceptibility appeared to be related to the
lack of containment of the egg antigens by a fibrotic
matrix.20 Thus, any successful treatment directed at IL-4
and IL-13 during a S. mansoni egg challenge should limit
but not completely inhibit the fibrotic response; IL13-PE
appears to meet this criterion in the context of a pulmo-
nary S. mansoni egg challenge.

Lung fibroblasts express receptors that recognize IL-4
and IL-1312,44,71 and both cytokines promote the prolif-
eration and synthetic activities of these cells. In this
study, pulmonary fibroblasts cultured from day 16 lungs
(ie, day 16 after egg embolization) exhibited a baseline
aggressive proliferative profile. However, IL13-PE at 200
and 1000 ng/ml effectively targeted the proliferation of
these cells as evidenced by a decrease in [3H]thymidine
incorporation. IL13-PE also effectively inhibited the gene
expression of procollagen III, a major procollagen pro-
duced by pulmonary fibroblasts during clinical pulmo-
nary fibrosis.72 Of particular interest was the observation
that IL13-PE induced the expression of IL-13R�2 in the
surviving cells.

In conclusion, the data presented herein demonstrate
the beneficial effect of targeting IL-4R- and IL-13R-ex-
pressing cells with a chimeric protein comprised of hu-
man IL-13 and Pseudomonas exotoxin during S. mansoni
egg-induced pulmonary granuloma formation. IL13-PE
effectively arrested the pulmonary granulomatous and
the corresponding Th2 response adding further weight to
the contention that both IL-4 and IL-13 are important
targets in this model. These results also hold promise in
the clinical treatment of chronic S. mansoni egg pathol-
ogy with the goal of preventing the development of se-
vere disease.
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