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Schistosoma mansoni-infected wild-type (WT) mice develop a Th2 response and chronic disease. In contrast,
infected interleukin-4 double-deficient (IL-4�/�) mice develop a Th1-like response and an acute, lethal syn-
drome. Disease severity in these animals correlates with excessive and prolonged production of nitric oxide
(NO) associated with enhanced antigen-driven gamma interferon (IFN-�) production in the absence of IL-4.
Strikingly, splenic lymphocytes from infected IL-4�/� mice failed to proliferate as well as those from infected
WT mice following stimulation in vitro with antigen or anti-CD3 antibody. Contrary to antigen-driven IFN-�
responses, anti-CD3 antibody stimulation of splenocytes resulted in significantly less IFN-� being produced by
CD8 cells from infected IL-4�/� mice than by those from infected WT mice or normal mice. NO is largely
responsible for the impaired T-cell functions in infected IL-4�/� mice, as inhibition of iNOS significantly
enhanced proliferation and IFN-� production.

Interleukin-4 (IL-4) plays an important role in several areas
of T-cell biology, including the development of Th2 responses
(25) and blocking Th1 effector mechanisms mediated by
gamma interferon (IFN-�), such as inducible nitric oxide syn-
thase (iNOS) induction (1, 10, 28, 43, 50). Further, IL-4 can
inhibit NO production by upregulating arginase expression,
thereby providing an alternative pathway for metabolism of
L-arginine, the precursor for NO (34).

The outcome of schistosome infection in IL-4�/� animals is
different from that in wild-type (WT) mice (13, 14, 18). WT
mice normally develop a strong Th2 response and survive in-
fection (14, 18). Survival is attributed to the ability of Th2 cells
to orchestrate granulomatous lesions which sequester parasite
eggs away from surrounding liver tissue while at the same time
secreting cytokines that are selectively anti-inflammatory (4,
13, 15, 18, 24). Infected IL-4�/� mice, in contrast, fail to de-
velop a Th2 response and produce elevated levels of inflam-
matory mediators, such as IFN-� and NO, and develop severe
cachexia and die despite still being able to make adequate
granulomas (13, 14, 18).

An interesting feature of schistosomiasis in infected IL-4�/�

mice is the failure of these animals to develop the splenomeg-
aly that is characteristic of infection in WT mice (39). Since
NO is known to inhibit T-cell proliferation (2, 3, 8, 37, 48, 50),
we hypothesized that increased NO levels in IL-4�/� animals

could be contributing to the lack of splenomegaly by inhibiting
the proliferation of lymphocytes during infection. Our findings
presented here support this view.

MATERIALS AND METHODS

Parasites and mice. IL-4�/� C57BL/6 (B6) mice (14) were bred at Cornell
University. WT B6 mice were obtained from Taconic Farms, Germantown, N.Y.
Mice were anesthetized with sodium pentobarbitone intraperitoneally (i.p.), and
each was infected percutaneously with approximately 70 Schistosoma mansoni
cercariae (NMRI strain). Mice were weighed using a spring balance (Forestry
Suppliers, Jackson, Miss.). Experiments were terminated once infected IL-4�/�

mice lost �20% of their body weight (14); mice were euthanatized with CO2.
Cell cultures. Spleens were harvested, and single-cell suspensions of pooled

samples were prepared using sterile 70-�m-pore-size nylon mesh (Becton Dick-
inson, Franklin Lakes, N.J.) and Dulbecco minimal essential medium (DMEM).
Erythrocytes were lysed using ammonium chloride. Viable cells were counted
using trypan blue exclusion and resuspended at 107/ml in DMEM containing 30
mM HEPES, 100 U of penicillin/ml, 100 �g of streptomycin/ml, 2 mM glutamine,
5 � 10�5 M 2-mercaptoethanol, and 10% hiFCS (complete medium). Cells were
incubated alone or were stimulated with 50 �g of soluble egg antigen (SEA)/ml
(11) or with plate-bound anti-CD3 monoclonal antibody (MAb) (Pharmingen,
San Diego, Calif.), 0.5 �g/well, with or without aminoguanidine (AMG)
(hemisulfate salt, 1 mM), in 96-well flat-bottom plates in 5% CO2 at 37°C. Cell
culture supernatants were collected at 72 h and stored at �20°C until cytokine
analysis was performed.

NO and cytokine measurements. Nitrite accumulation, used as an indicator of
NO production, was measured using the Griess reaction (1% sulfanilamide and
0.1% n-1-naphthylethylene-diamine) with sodium nitrite as a standard (19).
Reagents for the IL-5 enzyme-linked immunosorbent assay (ELISA) were pre-
pared in the laboratory as previously described (51). Antibodies for the IFN-�,
IL-10, and IL-13 ELISAs were purchased from Pharmingen.

Cell proliferation. To measure cell proliferation using [3H]thymidine incor-
poration, 5 � 105 cells in 200 �l of complete medium per well of a round-bottom
96-well plate (Falcon, Lincoln Park, N.J.) were incubated with or without stim-
ulation for 4 days at 37°C in 5% CO2. Cells were pulsed with 0.5 �Ci of
[3H]thymidine (Amersham, Arlington Heights, Ill.) per well for the last 12 h of
culture and were harvested using a 96-well plate harvester. [3H]thymidine incor-
poration was quantitated using liquid scintillation counting. To measure prolif-
eration using CFSE (5- and 6-carboxyfluorescein diacetate succinimidyl ester)
(Molecular Probes, Eugene, Oreg.), cells were harvested and washed in serum-
free medium and suspended at 107/ml in PBS containing 1.25 �M CFSE for 8
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min at room temperature. The reaction was stopped by the addition of an equal
volume of hiFCS after which the cells were washed extensively, recounted,
suspended at 2 � 106 to 4 � 106/ml in complete medium and plated at 200 �l per
well in round-bottom 96-well plates (Falcon) with or without stimulation. Cells
were cultured for 5 days at 5% CO2 and 37°C and stained for surface markers as
described in the flow cytometry section below.

Flow cytometry. Cells were surface stained with either phycoerythrin-(PE-) or
CyChrome-labeled anti-CD4 and anti-CD8 antibody (Pharmingen) on ice for 30
min, washed in phosphate-buffered saline (PBS) with 1% hiFCS and 0.08%
NaN3, and fixed in 1% formaldehyde in PBS. Data were acquired using a
FACSCaliber flow cytometer and the Cell Quest program from Becton Dickin-
son.

For intracellular staining, cells were stimulated with phorbol 12-myristate
13-acetate (PMA; 50 ng/ml) and ionomycin (500 ng/ml) for 4 h before harvesting,
and Golgi export was inhibited using Golgi-Plug (according to Pharmingen’s
Cytofix/Cytoperm Plus kit instructions) for 2 h prior to harvest. Cells were
surface stained as described above, fixed, and permeabilized using the Pharm-
ingen Cytofix/Cytoperm Plus kit and stained intracellularly using PE–anti-IFN-�
(Pharmingen) according to the manufacturer’s instructions. After staining, cells
were resuspended in PBS with 1% fetal calf serum (FCS) and 0.08% NaN3 and
analyzed as described above.

Statistical analysis. Differences in spleen sizes between infected WT and
IL-4�/� mice were assessed using nonparametric statistical analysis by the Wil-
coxon signed rank test. Cytokine and NO values were evaluated using Student’s
t test. P values of �0.05 were considered significant.

RESULTS

Lack of IL-4 severely impairs splenocyte proliferation dur-
ing infection. The spleens of 7-week-old infected WT mice
were noticeably enlarged compared to those of uninfected
controls and of infected IL-4�/� mice. To quantitate the ob-
served differences in spleen size, spleens were weighed and the
total number of nucleated cells per organ were counted. As
expected, splenomegaly in WT mice was accompanied by a
large increase in spleen weight (data not shown) and in splenic
nucleated cell count (Fig. 1). In contrast, infected IL-4�/� mice
had reduced spleen weights (data not shown) and significantly
fewer nucleated cells per spleen (Fig. 1). This difference be-
tween infected WT and IL-4�/� mice was progressively more
apparent as the infected IL-4�/� animals became more se-
verely affected with time (Fig. 1). We hypothesized that this
difference in spleen cell counts was due to a lymphocyte pro-
liferation deficit in the IL-4�/� animals. Consistent with this,
splenocytes from infected IL-4�/� mice incorporated signifi-
cantly less [3H]thymidine following either antigen (Fig. 2A and
reference 12) or anti-CD3 antibody (Fig. 2B) stimulation. To
examine this issue in more detail, we labeled spleen cells with
CFSE and used flow cytometry to evaluate CD4 and CD8 cell
proliferation following anti-CD3 antibody-mediated T-cell re-
ceptor (TCR)-ligation. Both CD4 and CD8 cells from infected
IL-4�/� mice exhibited diminished proliferative responses
compared to those of WT mice (CD4 cells, 4.5% versus 11.8%
[Fig. 3A]; CD8 cells, 17.25% versus 57.2% [Fig. 3B]; Table 1).
This defect developed following S. mansoni infection, as spleen
cells from uninfected IL-4�/� mice proliferated similarly to
cells from uninfected WT mice following TCR ligation (Fig. 3).

NO impairs T-cell proliferative responses in infected IL-
4�/� mice. Previous studies have shown that S. mansoni infec-
tion in IL-4�/� mice is associated with elevated levels of NO in
plasma and in culture supernatants from antigen- or LPS-
stimulated spleen cells (12, 13, 16). This was also the case when
splenic T cells were stimulated with anti-CD3 antibody where
NO levels in the supernatants of the IL-4�/� cells were ap-
proximately eightfold those in WT cultures (Fig. 4). To assess
the role of NO as an inhibitor of T-cell proliferation, we added

FIG. 1. Changes in nucleated spleen cell counts over time in in-
fected WT and IL-4�/� mice. Mice were exposed to �70 cercariae, and
two mice per genotype were euthanatized at the times indicated
postinfection. Data represent mean � standard error of the mean and
are representative of two separate experiments. Significant differences
between groups are indicated by an asterisk (P � 0.05).

FIG. 2. [3H]thymidine incorporation by lymphocytes from normal and infected WT and IL-4�/� mice. Splenocytes from mice exposed to �70
cercariae 48 days earlier were pooled and cultured in vitro for 96 h with either SEA or plate-bound anti-CD3 antibody. The stimulation index was
calculated by dividing counts per minute following Ag or anti-CD3 antibody stimulation by the counts per minute of unstimulated cells within either
genotype. Infected IL-4�/� mice had significantly less [3H]thymidine incorporation (�, P � 0.05) than infected WT mice. Data represent mean �
standard error of the mean and are representative of three separate experiments.
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AMG (a relatively selective inhibitor of iNOS) (20, 32) to
spleen cell cultures and measured TCR ligation-induced pro-
liferation (18, 22, 30). AMG inhibited NO production (data
not shown) and allowed a twofold enhancement of CD4- and
CD8-cell proliferation in IL-4�/� spleen cell cultures (Fig. 3
and Table 1). This demonstrates that the observed prolifera-
tion impairment in infected IL-4�/� mice was at least in part
attributable to excessive NO production. The role of the Th1
response in initiating these NO-mediated effects in infected
IL-4�/� mice is supported by preliminary data from our labo-
ratory in which we found that administration of anti-IFN-� in
vivo reduced NO production and enhanced T-cell proliferation

FIG. 3. Cell type analysis of proliferative responses to anti-CD3 T-cell stimulation. Pooled splenocytes from infected WT and IL-4�/� mice
exposed to �70 cercariae 53 days earlier were labeled with CFSE and cultured with plate-bound anti-CD3 MAb � AMG for 5 days prior to staining
with anti-CD4 (A) or anti-CD8 (B) MAb and analyzed on a flow cytometer. Quadrants were set based on unstimulated samples and isotype control
Ab staining. Live cells were gated based on forward and side scatter, and data are expressed as the percent of total splenocytes which were
proliferating (upper left quadrant) and nonproliferating (upper right quadrant) CD4 and CD8 cells. There were two or three mice per group, and
data are representative of three separate experiments.

TABLE 1. Percentage of proliferating CD4 and CD8 cellsa

Treatment
group Stimulant

CD4 CD8

WT IL-4�/� WT IL-4�/�

Uninfected Anti-CD3 6.3 6.5 64.6 64.0
Infected Anti-CD3 11.8 4.5 57.2 17.25

Anti-CD3�AMG 9.6 8.3 55.1 43.5

a Values are presented as percentage of all cells that are proliferating CD4 or
CD8 cells as shown in Fig. 3.

FIG. 4. NO production by spleen cells from infected WT and IL-
4�/� mice. In vitro nitrite levels in 72-h supernatants of spleen cells
cultures from mice exposed to �70 cercariae 47 days earlier, were
measured following stimulation with plate-bound anti-CD3 MAb. IL-
4�/� mice had significantly (�, P � 0.05) increased NO levels compared
to WT mice. There were five mice per group. Data represent mean �
standard error of the mean and are representative of three separate
experiments.
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in vitro (A. C. LaFlamme, E. A. Patton, and E. J. Pearce,
unpublished data).

NO inhibits IFN-� but not Th2 cytokine production by
splenocytes from infected IL-4�/� mice. Previous studies have
shown that, compared to cells from infected WT mice, spleno-
cytes from infected IL-4�/� mice produce low levels of Th2
cytokines and more IFN-� in response to antigen stimulation
(13, 16). Paradoxically, in the absence of IL-4, T cells activated
through the TCR via anti-CD3 antibody produced significantly
less IFN-� than did similarly activated WT cells (Fig. 5A).
Impaired IFN-� production was accompanied by elevated NO
levels (Fig. 4). Using intracellular staining, CD8 cells from
normal (WT and IL-4�/�) and infected WT mice were iden-
tified as the major producers of IFN-� following anti-CD3
antibody stimulation (Fig. 5B). The percentage of IFN-�-pro-
ducing CD8 cells from IL-4-deficient mice, under the same
stimulation conditions, was reduced by over threefold com-
pared to cells from infected WT mice (3.2% versus 11.4%,
respectively) (Fig. 5B). Overall, there was a decrease in the
percentage of total CD8 cells from infected IL-4�/� mice (sum
of upper quadrants in Fig. 5B). The decrease was accompanied
by a decrease in the percentage of CD8 cells producing IFN-�
(Fig. 5B).

Because the inhibition of NO production by AMG treatment
in vitro improved the proliferative responses of IL-4�/� T cells,
we asked whether the addition of AMG would also restore the
ability of these cells to produce IFN-�. Previous studies have
shown that NO can impair T-cell cytokine production in addi-
tion to proliferation (6, 34, 38, 40, 42). Inhibition of NO pro-
duction in vitro enhanced IFN-� but not Th2 cytokine produc-

tion by anti-CD3 antibodies stimulated splenocytes from
infected IL-4�/� mice (Fig. 6A). Most of the recovery was
accounted for by an increased percentage of CD8 cells pro-
ducing IFN-� (Fig. 6B). There was no difference in IFN-�
production by CD4 cells (implied by the lack of positively
stained cells in the lower right hand quadrants in Fig. 6B, and
data not shown). Following anti-CD3 antibody stimulation,
much higher levels of NO were accumulated in infected IL-
4�/� culture supernatants than after antigen-specific stimula-
tion (Fig. 4). At these high levels, NO may be exerting much
stronger inhibitory effects on T-cell functions (proliferation
and cytokine production). Therefore, NO is likely to be at least
partially responsible for the low levels of IFN-� produced
following anti-CD3 antibody stimulation of spleen cells from
infected mice lacking IL-4.

DISCUSSION

IL-4�/� mice are acutely susceptible to infection with S.
mansoni, dying shortly after the parasites mature and begin
producing eggs (14). Severe disease in these animals is accom-
panied by noticeably reduced splenic enlargement compared
to that observed in infected WT mice. Previous studies in our
laboratory have indicated a central role for elevated iNOS
expression and NO and peroxynitrite production in the disease
process (13, 27). NO is known to have both inflammatory and
anti-inflammatory effects (9, 46). This is further illustrated in
the schistosome model, where elevated NO levels have been
correlated with the severity of disease in infected IL-4�/� mice
(14). However, in infected WT mice, NO serves a host protec-

FIG. 5. IFN-� production by spleen cells from WT and IL-4�/� mice in response to anti-CD3 antibody stimulation. Mice were infected with
�70 cercariae 49 days earlier. Splenocytes were pooled from two or three mice per group, and cells were cultured with plate-bound anti-CD3 MAb.
(A) IFN-� levels in 72-h culture supernatant of duplicate wells were measured by ELISA. Cytokine levels are expressed as means � SEM. Results
are representative of three separate experiments. Splenocytes from infected IL-4�/� mice produced significantly less IFN-� than did similarly
infected WT mice (�, P � 0.05). (B) IFN-� production by CD8 cells from infected WT and IL-4�/� mice in response to anti-CD3 stimulation.
Following stimulation, cells were further stimulated with PMA and ionomycin for 4 h. Intracellular cytokine production was measured using flow
cytometry. Quadrants were set based on isotype control antibody staining. Live cells were gated based on forward and side scatter and data are
expressed as the percent of total live cells. Results are representative of two separate experiments.
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tive role, as treatment with AMG induces weight loss and
severe hepatic damage (13). Here we identify an underlying
role for NO in the inhibition of T-cell proliferation in infected
IL-4�/� mice that may in part account for the reduced spleno-
megaly.

This work expands upon previous work in which we demon-
strated that lymphocyte proliferation is impaired in schisto-

some-infected IL-4�/� mice (39). In this work, we demonstrate
the mechanism by which this is occurring. Specifically, we show
that selective inhibition of iNOS significantly increased T-cell
proliferation in vitro. NO has been implicated in the inhibition
of T-cell proliferation in a variety of systems (2, 3, 8, 48, 50). In
a situation that is similar to that reported here, Mycobacterium
tuberculosis infection in mice induces a purified protein deriv-

FIG. 6. (A) Inhibition of NO enhanced IFN-� but not type 2 cytokines produced by splenocytes from infected IL-4�/� mice. IL-4�/� mice were
infected with �70 cercariae each, and spleens were harvested 50 days later and stimulated with anti-CD3 antibody � AMG for 72 h. IFN-�, IL-5,
IL-10, and IL-13 levels were measured by ELISA in 72-h culture SN. Splenocytes from two mice were pooled and duplicate wells were analyzed.
Values are expressed as means � standard error of the mean and are representative of two separate experiments. Addition of AMG significantly
increased IFN-� production by splenocytes from infected IL-4�/� mice compared to anti-CD3 antibody stimulation alone (�, P � 0.05). (B) Effect
of NO on IFN-� production by CD8 cells from infected IL-4 mice. Splenocytes from IL-4�/� mice exposed to �70 cercariae 53 days earlier were
stimulated with mAb anti-CD3 for 72 h and with PMA plus ionomycin for 4 h, in the presence or absence of AMG. Intracellular IFN-� production
was measured using flow cytometry. Quadrants were set based on isotype control antibody staining. Live cells were gated based on forward and
side scatter, and data are expressed as the percent of total live cells. Results are representative of two separate experiments.
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ative-specific CD4-cell response in which proliferation peaks
within a week of infection and then declines (35). The reduc-
tion in the proliferative response could be reversed by the
addition of the iNOS inhibitor NG-monoethyl-L-arginine
monoacetate to spleen cell cultures (35). How NO inhibits
proliferation is not yet fully understood, but it is likely to be
related in part to its ability to interact with superoxide to form
peroxynitrite, a strong oxidizing (7, 40, 41) and nitrating (7, 16,
21) agent that is able to nitrate tyrosines that normally, through
phosphorylation, would be involved in signaling pathways im-
mediately downstream of TCR (12). Experimentally, peroxyni-
trite has been shown to inhibit anti-CD3 antibody-driven acti-
vation and tyrosine phosphorylation in purified T cells by
nitrating tyrosines (12). Jak3 and STAT5 proteins are impli-
cated as targets of peroxynitrite, and their inactivation may
cause a block in the IL-2 receptor signaling cascade (8, 12). In
other systems, NO-mediated T-cell proliferation is often fol-
lowed by T-cell apoptosis (3, 12, 33). However, analyses of T
cells from infected IL-4�/� mice have failed to reveal an in-
creased incidence of apoptosis sufficient to account for the cell
number disparity between the spleens of infected WT and
IL-4�/� animals (39). The outcome (impaired proliferation or
apoptosis) may be dependent upon the level of NO to which T
cells are exposed (50).

Cells of the monocyte/macrophage lineage and/or GR-1-
positive cells have been implicated as the source of NO and/or
ONOO� that inhibits T-cell proliferation (5, 8, 12, 26, 29, 30,
48, 50). Since IL-4 inhibits but IFN-� and tumor necrosis factor
alpha (TNF-	) promote iNOS expression in macrophages (10,
17, 28, 34, 43, 49), it seems likely that macrophages will be the
major source of NO in the spleens of infected IL-4�/� mice.
Splenic T cells from these mice produce more IFN-� in re-
sponse to Ag stimulation than those from infected WT mice.
Plasma TNF-	 concentrations have been demonstrated to be
elevated in infected IL-4�/� animals (14). Further, macroph-
age-deactivating cytokines such as IL-10 and IL-13 were pro-
duced at significantly lower levels. This situation is ideal for
high-level NO production by macrophages. Additionally, the
percentage of the total number of spleen cells comprised of
macrophages (Mac-1� F4/80�) increased during infection in
WT and IL-4�/� mice (data not shown). Thus, the elevated
levels of NO produced by splenocytes from infected compared
to normal mice (both WT and IL-4�/�) could be explained by
the increased number of macrophages within these cultures;
however, further investigation is indicated to definitively dem-
onstrate that it is these cells that are inhibiting proliferation.

Accompanying the observation that T-cell proliferation is
defective in infected IL-4�/� animals, we observed that IFN-�
production in response to anti-CD3 antibody stimulation was
also significantly lower than is the case for WT mice. Given
that antigen-stimulated spleen cells from infected IL-4�/� but
not WT mice make IFN-� and that antigen and anti-CD3
antibody stimulation of these cells fail to result in production
of high levels of Th2 cytokines but do provoke a strong NO
response, we expected that IFN-� levels in culture superna-
tants of spleen cells from infected IL-4�/� mice would be
significantly higher than those from infected WT cultures. De-
tailed analysis using flow cytometry to identify IFN-�-produc-
ing cells confirmed earlier results showing that, during infec-
tion in WT mice, CD8 cells are the major producers of IFN-�

(38). Surprisingly, this remained true for infected IL-4�/�

mice, although in these animals, the numbers of CD8 cells and
the number of CD8 cells making IFN-� were significantly re-
duced compared to those of WT. This is likely to be due in part
to the absence in vivo of help normally provided by IL-4 in this
system; we have shown that this cytokine can be an excellent
helper factor for IFN-� production by CD8 cells that have been
purified from the spleens of schistosome-infected mice (38).
However, additional factors are clearly playing a role since
addition of IL-4 to anti-CD3 antibody-stimulated isolated CD8
cells from infected IL-4�/� mice did not significantly increase
the production of IFN-� in vitro (39). Work in other experi-
mental infectious disease and cancer models has also revealed
impaired IFN-� production in IL-4-deficient mice (31, 45).
Nevertheless, the situation during schistosomiasis in the ab-
sence of IL-4 is complex since analysis of cytokine production
by CD8 cells in splenocyte populations in which NO produc-
tion was blocked revealed that IFN-� production increased
(Fig. 6a and b). Others have shown that in vivo suppression of
NO production can enhance antitumor cytotoxic T-lymphocyte
(CTL) responses by allowing increased proliferation and clonal
expansion (30). Thus, reduced IFN-� levels may be due to a
combination of poor CD8-cell proliferation and thus fewer
IFN-�-producing cells in the cultures, combined with an ab-
sence of help from IL-4. Moreover, there have been multiple
reports demonstrating that NO is capable of inhibiting cyto-
kine production by T cells (6, 36, 42, 44, 47). The role of NO
in downregulating type 1 responses is underscored by research
utilizing iNOS�/� mice, which develop enhanced type 1 cellu-
lar and humoral responses following vaccination with attenu-
ated S. mansoni cercariae (22).

There was little evidence from the flow cytometric data for a
dominant Th1-like CD4� population in the spleens of infected
IL-4�/� mice. This result confirms previous work by some
other laboratories and supports our own finding that isolated
CD4 cells from schistosome-infected IL-4�/� mice make less
IFN-� than those from infected WT mice (39). However, it
contrasts with the findings of Jankovic and colleagues of
sharply upregulated IFN-� production by CD4 cells in similarly
infected knockout animals (23). Possibly, differences between
splenic CD4 cells (our work) and mesenteric lymph node CD4
cells (23) could explain the lack of consensus. Alternatively,
subtle differences in infectious dose and time postinfection at
which IFN-� production was measured could account for the
differing results. Our preliminary data from studies that care-
fully track the appearance of IFN-�-producing T cells in the
spleens of infected IL-4�/� mice suggest a peak of Th1-like
cells early following the onset of egg production by the para-
sites. These Th1 cells cease to be detectable as the animals
become moribund, a process that happens more rapidly in
heavily infected animals (La Flamme et al., submitted for pub-
lication). One possibility to account for this apparent decline in
Th1 cells during infection in the absence of IL-4 is that CD4
cells succumb to NO-induced apoptosis earlier in the course of
the disease.

In conclusion, the responsiveness of T cells from schisto-
some-infected IL-4�/� mice is suppressed in part due to the
excessive NO production that occurs in the absence of a Th2
response. Suppressed T-cell-proliferative responses due to
high levels of NO in vitro may reflect a similar problem in vivo,
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which could account for the abnormally low spleen cell count
in infected IL-4�/� mice.
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