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Abstract
Through an imbalance in Th1 and Th2 cytokine profiles,
diesel exhaust particles (DEP) are thought to induce Th2-
dominated IgE and IgG1 production. However, the roles
of CD4+ and CD8+ T-cell subtypes in the increased
immune responses to antigen in mice exposed to DEP
are unclear. In the present study, we investigated wheth-
er treatment with anti-CD4 or anti-CD8 mAb abrogated
the adjuvant activity of DEP. On day –1 and day 1, each
group of mice was injected intraperitoneally with anti-
CD4, anti-CD8, or rat IgG (vehicle). On day 0, the mice
were immunized with ovalbumin (OVA) or OVA plus
DEP. After 3 weeks, each mouse was boosted with 10 Ìg
of OVA alone. On day 7 after the first injection with
OVA+DEP or OVA alone, the numbers of total, IA+,
CD80+/IA+ and CD86+/IA+ cells in peritoneal exudate
cells (PEC) were higher in OVA+DEP-immunized mice
than in OVA-immunized mice. Depletion of CD8+ cells
resulted in a modulation of the production of granulo-
cyte-macrophage colony-stimulating factor, IL-12 and
PGE2 in peritoneal exudate fluid from OVA+DEP-immu-
nized mice. On day 28, DEP injection markedly increased

IL-4 production in the culture supernatants of spleen
cells from CD4+ or CD8+-depleted mice. Depletion of
CD8+ cells in OVA+DEP-immunized mice resulted in a
decrease in IFN-Á production compared with that in OVA-
immunized mice. Adjuvant activity of DEP was observed
in anti-OVA IgE, anti-OVA IgG1, anti-OVA IgG3, and total
IgE production. Depletion of CD4+ T cells abrogated the
adjuvant effect of DEP on anti-OVA IgE, and anti-OVA
IgG1 production in plasma. However, depletion of CD8+
T cell inhibited the upregulated anti-OVA IgG3 produc-
tion. These findings suggest that DEP injection may
affect not only the function of CD4+ cells but also that of
CD8+ T-cell subsets to modulate the synthesis of proin-
flammatory cytokine in PEC and type-1 and type-2 cyto-
kine production in spleens.

Copyright © 2001 S. Karger AG, Basel

Introduction

Some epidemiologic studies have suggested that the
increase in the incidence of allergic diseases, such as asth-
ma and allergic rhinitis, is related to exposure to environ-
mental pollutants [1–4]. A positive relationship between
the onset of allergic rhinitis and exposure to diesel exhaust
particulates (DEP) has been observed [5, 6]. In animal
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experiments, intraperitoneal, intratracheal and intranasal
administration of DEP with antigen significantly in-
creased antigen-specific IgE antibody [7–9] and IL-4 pro-
duction in mediastinal and cervical lymph node cells [9,
10]. Intranasal or intratracheal administration of DEP
significantly increased the intranasal pressure and nasal
secretion induced by histamine, and the infiltration of
eosinophils and lymphocytes [11, 12]. In human studies,
DEP exposure in healthy subjects enhanced nasal cyto-
kine production and in ragweed-allergic subjects, chal-
lenge with ragweed allergen plus DEP increased expres-
sion of mRNA for Th2-type cytokines compared with
challenge with ragweed alone [13, 14]. Allergen-specific
IgE and IgG4 levels in nasal washes were markedly
increased. In vitro experiments have shown that incuba-
tion of bronchial epithelial cells and nasal epithelial cells
with DEP stimulates IL-8 and granulocyte-macrophage
colony-stimulating factor (GM-CSF) production [15, 16].
DEP extract increased eosinophil adhesiveness to human
nasal epithelial cells and induced eosinophil degranula-
tion [17]. In vitro treatment with DEP significantly en-
hanced IgE-mediated IL-4 production by mouse bone
marrow-derived mast cells [18]. These results suggest that
DEP and DEP extract can cause adverse effects on nasal
and respiratory immune defense mechanisms, resulting in
induction of allergic diseases.

Since Mosmann et al. [19] reported the existence of
CD4+ T-cell subsets and their respective functions, not
only CD4+ T-cells subsets but also CD8+ T-cell subsets
have been associated with cell-mediated and humoral
immunity by cross-regulatory networks [20–22]. Humoral
antibody production, particularly IgE production, is regu-
lated by balance of Th1/Th2 cytokine profile. Th2 cyto-
kines can help B cells to produce IgE. Although DEP seem
to induce pathways from Th0- to Th2-like response, the
mechanism by which DEP facilitate the development of
the Th2-like response is unclear. The balance of Th1/Th2
cytokine profile in CD4+ T cells may be related to the
balance of Tc1/Tc2 cytokine profile in CD8+ T cells.
Because our previous studies and those of others suggest-
ed that DEP have a Th2 cytokine-inducing activity, expo-
sure to DEP may modulate cytokine networks through
effects on CD4+ and CD8+ T-cell subsets. However, stud-
ies addressing these effects have not been done previ-
ously.

In the present study, we sought to evaluate the role of
CD4+ and CD8+ T-cell subsets in the adjuvant activity of
DEP. We depleted mice of CD4+ or CD8+ T cells by
using anti-CD4 and anti-CD8 mAbs, and then investi-
gated the effects of DEP on cytokine production and the

levels of various antibody isotypes. Particularly, the pro-
duction of pro-inflammatory cytokines in peritoneal exu-
date fluid and changes in expression of surface molecules
in peritoneal exudate cells were investigated in CD4+- or
CD8+-depleted mice on day 7. On day 28, the production
of Th1- and Th2-type cytokines from spleen cells and IgE
and IgG antibody titers in plasma were determined as sys-
temic events.

Materials and Methods

Animals
Male BALB/c mice (7 weeks old), purchased from Charles River

Japan, Co. Ltd. (Kanagawa, Japan), were used in this study. Male
Sprague-Dawley rats (8 weeks old), from Japan Clea (Tokyo, Japan),
were used for IgE assay. Food and water were given ad libitum. This
study was performed with approval of the ethics committee for
experimental animals at the National Institute for Environmental
Studies.

DEP
DEP were collected on a glass fiber filter at the end of a dilution

tunnel connected to a four-cylinder diesel engine (4JB1 type, Isuzu
Automobile Company, Tokyo, Japan). As measured by Andersen Air
Sampler, the mean diameter of the particles was 0.4 Ìm [23]. The
carbon content of DEP was 26% of the total DEP concentrations.
DEP (40 mg/ml) were dissolved in saline containing 0.1% Tween 80
by sonicating the mixture for 10 min.

Antigen and Antibodies
Ovalbumin (OVA) was obtained from Sigma (St. Louis, Mo.).

The anti-CD4 (clone GK1.5) and anti-CD8 (clone 3.155) mAbs were
purchased from Leinco Technologies, Inc. (St. Louis, Mo.). Isotype-
matched negative antibody control was obtained from Chemicon
International Inc. (Temecula, Calif.).

Immunization with OVA plus DEP and Depletion of CD4+ and
CD8+ Cells
On day –1 and day 1, each group of 7–8 mice was injected intra-

peritoneally with 100 Ìg anti-CD4, 100 Ìg anti-CD8, or 100 Ìg rat
IgG (vehicle) [24]. On day 0, the mice were immunized with 10 Ìg
OVA or 10 Ìg OVA plus 2 mg DEP. After 3 weeks, each mouse was
boosted with 10 Ìg of OVA alone. The experimental protocol is
shown in figure 1.

Cell Preparation, Assay for Cell Growth and Cytokine Production
On day 7, peritoneal exudate fluid was collected from mice by

injecting 3 ml sterilized saline; peritoneal exudate cells (PEC) were
harvested by centrifugation. Spleens were collected. On day 28,
spleens were collected, and the cell growth was measured by using a
colorimetric MTT assay (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl
tetrazolium bromide, Chemicon International). Spleen cells from
each mouse at a final density of 2.5 ! 105 cells/well were cultured
with OVA using 96-well flat-bottomed microplates (Nunc Ltd., Ros-
kilde, Denmark) in 200 Ìl RPMI-1640 medium (Dainippon Phar-
maceutical Co. Ltd., Osaka, Japan) containing 10% heat-inactivated
fetal calf serum, 2 mM L-glutamine (Gibco RBL, Life Technologies,
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Fig. 1. Experimental protocol. The horizon-
tal axis indicates times in days. Arrows
above the line show mAb injection by the
intraperitoneal route, whereas arrows below
the line show antigen and/or alum injection
by the intraperitoneal route. On day 7, each
group of mice was euthanized, and peritone-
al exudate fluid and spleens were collected.
On day 28, each group of mice was euthan-
ized, and blood and spleens were collected.

Grand Island, N.Y.), 0.1 mM nonessential amino acids (Gibco RBL)
and 5 mM HEPES (NacalaiTesque, Kyoto, Japan), penicillin
(100 units/ml) and streptomycin (100 Ìg/ml; ICN Biomedicals, Inc.,
Aurora, Ohio), pH 7.2–7.3. After 72 h, the optical density at 570 and
630 nm was measured with microplate reader (Bio-Rad Lab., Her-
cules, Calif.). Cytospin preparations of cells were stained with Diff-
Quik (International Reagents Co., Kobe, Japan) to obtain differential
cell counts.

In another experiment, spleen cells from each mouse were plated
at a final density of 1 ! 106 cell/well in 96-well flat-bottomed micro-
plates and were cultured with 10 Ìg OVA in 200 Ìl RPMI-1640
medium supplemented as described previously for 48 h. The super-
natants were collected and stored at –70°C.

Cytokine levels (GM-CSF, TNF-·, IL-1·, IL-10, IL-12p70) in
peritoneal exudate fluid and the levels of IL-2, IL-4, IL-10 and IFN-Á
in the culture supernatants were analyzed with commercially avail-
able mouse cytokine ELISA kit (Endogen, Inc., Woburn, Mass.;
Amersham International plc, Little Chalfont, UK). The absorbance
at 450 and 550 nm was measured by using a microplate reader. The
average absorbance of the standards was plotted against the standard
concentration, and the standard curve was drawn through these
points. The cytokine concentration in each sample was determined
by interpolating from the standard curve. PGE2 in the samples were
measured by using a competitive enzyme immunoassay system (Am-
ersham).

Flow Cytometric Analysis
The immunophenotype of the PEC and splenic cells from each

group of mice on day 7 and of splenic cells on day 28 was analyzed by
using flow cytometry. The mAbs used, purchased from Pharmingen
(San Diego, Calif.), were as follows: anti-mouse I-Ad (clone AMS-
32.1); phycoerythrin (PE)-labeled rat IgG anti-CD4 (clone GK1.5);

FITC-labeled rat IgG anti-CD8a (clone 53-6.7); hamster IgG anti-
CD3 PE (clone 145-2C11); hamster IgG anti-CD80 FITC (clone 16-
10A1); rat IgG2a anti-CD86 FITC (clone GL-1); rat IgG anti-
CD45R/B220 FITC (clone RA3-6B2), and the corresponding iso-
type-matched controls. Goat anti-mouse IgG2b PE was purchased
from Caltag Laboratories (Burlingame, Calif.). Stained cells were
resuspended in buffered salt solution containing 0.1% sodium azide.
Cell samples were analyzed on a FACSCalibur flow cytometry (Bec-
ton Dickinson Immunocytometry Systems, Mansfield, Mass.). For
each sample, 10,000 events were collected and data analysis was per-
formed with Lysis II software.

Assay for Antibody Titers in Plasma
One week after the last immunization, plasma samples were col-

lected from the mice under ether anesthesia. To determine the anti-
gen-specific IgE antibody titers in plasma, the passive cutaneous ana-
phylaxis (PCA) reaction assay was performed with rat dorsal skin and
24-hour sensitization. Antigen-specific IgE titers in the plasma were
expressed as PCA titers. Antigen-specific IgG1, IgG2a, IgG3 and
total IgE antibody titers in plasma were measured by using ELISA.
Briefly, for titration of total IgE, 96-well microimmunoplates (Nunc)
were treated overnight with anti-mouse IgE monoclonal antibody,
blocked by Block Ace (Dainippon Pharmaceutical Co., Ltd.) and
incubated with 100-Ìl aliquots of the diluted samples or standards
for 1 h at 37 °C. After 6 washings, 100 Ìl biotinylated anti-mouse IgE
(Pharmingen) diluted 1/1,000 was added to each well for 30 min at
37°C. After washing, each well was incubated with 100 Ìl streptavid-
in-horseradish peroxidase conjugate (Gibco) for 1 h at room temper-
ature. For titration of OVA-specific IgG1, IgG2a or IgG3, micro-
plates were treated overnight with OVA, blocked with Block Ace and
incubated with plasma samples diluted 1:100 or standards for 1 h at
37°C. After 6 washings, HRP-labeled anti-mouse IgG1, IgG2a or
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Fig. 2. Effects of DEP on the proportion of
CD80+ and CD86+ cells in PEC. On day 7,
PEC were collected from normal, OVA- or
OVA+DEP-injected mice depleted of CD4+
or CD8+ cells. Aliquots of these populations
were evaluated by trypan blue dye exclusion
test and flow cytometry. Data represent the
mean B SE (n = 3–4), and are expressed as
the total number of PEC, IA+ and cells of
CD80+/IA+ or CD86+/IA+ that were recov-
ered per mouse from each treatment group.
Group A = OVA+rat IgG-treated group;
group B = OVA+anti-CD4-treated group;
group C = OVA+anti-CD8-treated group;
group D = OVA+DEP+rat IgG-treated
group; group E = OVA+DEP+anti-CD4-
treated group; group F = OVA+DEP+anti-
CD8-treated group, and group G = normal
(untreated) group. * p ! 0.05 vs. group A;
** p ! 0.01 vs. group A.

IgG3 antibodies (Southern Biotechnology, Birmingham, Ala.) were
added and plates incubated for 1 h. After an additional wash, the
substrate solution containing O-phenylenediamine and H2O2 in sub-
strate buffer (7.74 g of citric acid and 17.93 g of Na2HPO4 per liter of
distilled water) was added and developed. The OD at 490 and
595 nm was determined with a microplate reader (Model 550; Bio-
Rad).

Statistical Analysis
All data are presented as the mean B SE, which is indicated by

bars in the figures. Statistical analysis was performed with StatMate
II Statistical analysis system for Microsoft Excel version 5.0 (Nanko-
do Inc., Tokyo, Japan). All data were compared with parametric
methods: Student’s t test for comparison of 2 groups, and one-way
analysis of variance for multiple comparisons. A p value of ! 0.05
was considered significant.

Results

Early Changes in Peritoneal Exudate Cells
To investigate the changes in early responses of macro-

phages at the site of immunization, the number of PEC
was counted using a hemocytometer. On day 7, the num-
ber of exudate cells had increased more significantly in
DEP+OVA-immunized mice than in OVA-immunized
mice (fig. 2). Compared with cell counts in OVA-immu-
nized mice, OVA+DEP-immunized mice had significant-
ly more macrophages, but the numbers of eosinphils, neu-
trophils and lymphocytes did not differ significantly (data

not shown). Expression of costimulatory molecules on
PEC was evaluated by FACS analysis. As shown in fig-
ure 2, the number of IA+, CD80+/IA+ and CD86+/IA+
cells in PEC from OVA+DEP-immunized mice was in-
creased significantly compared with that of OVA-immu-
nized mice (p ! 0.01). Treatment with anti-CD4 and anti-
CD8 mAbs in PEC from DEP-injected mice retained the
increased expression of costimulatory molecules on PEC.

Cytokine Production in Peritoneal Exudate Fluids
To evaluate the effect of DEP on the production of

proinflammatory cytokines and the modulation of cyto-
kine production by depletion of CD4+ and CD8+ cells,
cytokine levels were assessed on day 7. Compared with
levels in OVA-immunized mice, GM-CSF (fig. 3a) and
IL-1· secretion (fig. 3b) in the peritoneal exudate fluid
was significantly enhanced in DEP+OVA-immunized
mice (p ! 0.05). Although treatment with anti-CD4 mAb
found the adjuvant activity of DEP on GM-CSF secre-
tion, depletion of CD8+ cells returned to the control level
(rat IgG). In contrast, depletion of CD8+ cells in
OVA+DEP-immunized mice resulted in increase IL-1·
secretion compared with control population treated with
vehicle (rat IgG) in OVA-immunized mice. Treatment
with anti-CD4 mAb had no influence on this pattern of
IL-1· secretion.
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Fig. 3. GM-CSF (a), IL-1· (b), IL-10 (c) and
IL-12 (d) production in peritoneal exudate
fluids. On day 7, peritoneal exudate fluids
were collected from OVA- or OVA+DEP-
injected mice depleted of CD4+ or CD8+
cells and levels of cytokine production were
determined by ELISA. Each value is mean B
SE (n = 4). * p ! 0.05 vs. group A; ** p ! 0.01
vs. group A; # p ! 0.05 vs. group B; ## p ! 0.01
vs. group B; ++ p ! 0.01 vs. group C.

Comparison of OVA-immunized mice with OVA+
DEP-immunized mice showed that both IL-10 (fig. 3c)
and IL-12 production (fig. 3d) in peritoneal exudate fluids
of DEP-injected mice did not differ from those of con-
trols. Treatment with anti-CD4 mAb significantly de-
creased IL-10 production in DEP-injected mice (p !

0.01), whereas treatment with anti-CD8 mAb significant-
ly reduced IL-12 production in these mice (p ! 0.01). In
OVA-immunized mice, depletion of CD4+ cells and de-
pletion of CD8+ cells markedly enhanced IL-10 and IL-12
production, respectively (p ! 0.05).

PGE2 enhances Th2-dominated antibody production
via suppression of IFN-Á production [25, 26]. The PGE2

levels were examined in peritoneal exudate fluids. There
was no detectable production of PGE2 in control fluids of
both OVA+DEP- and OVA-immunized mice. Treatment
with anti-CD8 mAb induced higher PGE2 production in

peritoneal exudate fluid from OVA+DEP-immunized
mice than that in OVA-immunized mice (fig. 4).

Effect of DEP on Cell Population in Spleen
The effect of anti-CD4 and anti-CD8 mAbs on spleens

of mice exposed to DEP was investigated. On days 7 and
28, the number of spleen cells in mice immunized with
OVA+DEP after in vivo administration of anti-CD4 and
anti-CD8 mAbs was similar to that in mice immunized
with OVA (data not shown). Adjuvant activity of 2 mg
DEP on the number of spleen cells was not observed.

To examine the persistence of T-cell depletion, the
number of CD4+ and CD8+ T cells in the spleen was ana-
lyzed using FACS on day 7 and day 28. As shown in
table 1, cell depletion in spleens of anti-CD4-treated mice
immunized with OVA and OVA+DEP was 96% (vs.
group 1) and 97% (vs. group 4) on day 7, respectively. Cell
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Fig. 4. PGE2 production in peritoneal exudate fluids. On day 7, peri-
toneal exudate fluids were collected from OVA- or OVA+DEP-
injected mice depleted of CD4+ or CD8+ cells and levels of cytokine
proudction were determined by ELISA. Each value is mean B SE
(n = 4). + p ! 0.05 vs. group C.

depletion in anti-CD8-treated mice immunized with
OVA and OVA+DEP was 91% (vs. group 1) and 95% (vs.
group 4), respectively. On day 28, cell depletion in anti-
CD4-treated mice immunized with OVA and OVA+DEP
was 60% (vs. group 1) and 59% (vs. group 4), respectively.
Cell depletion in anti-CD8-treated mice immunized with

OVA and OVA+DEP was 55% (vs. group 1) and 45% (vs.
group 4), respectively. The CD4/CD8 ratio in mice im-
munized with OVA+DEP was lower than that in mice
immunized with OVA (group 1 vs. group 4) on day 7;
however, on day 28, this ratio was higher in mice immu-
nized with OVA+DEP than in the OVA-immunized
mice. These results indicate that DEP may stimulate the
differentiation of CD4+ helper T cells rather than of
CD8+ cytotoxic T cells.

Proliferation of Spleen Cells from DEP-Treated Mice
The effects of DEP on the proliferative response of

spleen cells from each group of mice were determined by
culturing the spleen cells with OVA in vitro. After 72 h, the
proliferative response to OVA did not differ between
OVA- and OVA+DEP-immunized mice that received the
treatment with vehicle (rat IgG). The proliferative re-
sponse to OVA in the spleen cells from anti-CD4-treated
mice immunized with OVA and from anti-CD8-treated
mice immunized with OVA+DEP was decreased signifi-
cantly (p ! 0.05) relative to each control (data not shown).

Effects of DEP on Antigen-Stimulated Cytokine
Production by Spleen Cells
Because DEP is a potent Th2 cytokine-inducing adju-

vant, we investigated whether the effects of DEP on cyto-
kine production were mediated by CD4+ and CD8+ T
cells. Mice were treated with anti-CD4 or anti-CD8 mAb,
immunized with OVA+DEP or OVA alone the next day,
and retreated with each mAb the following day. At
21 days after receiving OVA or OVA+DEP, all mice

Table 1. In vivo depletion of T cells wtih anti-CD4 or anti-CD8 mAb

In vivo treatment T-cell subset, %

day 7

CD4+ CD8+ CD4+/CD8+

day 28

CD4+ CD8+ CD4+/CD8+

OVA+rat IgG 27.7B0.9 10.3B0.7 2.70 18.3B0.9 7.8B0.6 2.35
2 OVA+anti-CD4 1.2B0.1 12.6B0.4 0.30 7.4B0.2 12.3B0.6 0.60
3 OVA+anti-CD8 29.9B1.4 0.9B0.2 33.22 23.8B0.4 3.5B0.3 6.80
4 OVA+DEP+rat IgG 24.0B0.4 10.3B0.4 2.33 20.4B1.9 7.5B0.2 2.72
5 OVA+DEP+anti-CD4 0.7B0.1 9.8B1.6 0.07 8.4B0.3 10.5B0.5 0.80
6 OVA+DEP+anti-CD8 26.2B0.8 0.5B0.2 52.40 24.5B1.3 4.1B0.2 5.98

Mice were immunized intraperitoneally with OVA (10 Ìg) or OVA (10 Ìg) + DEP (2 mg). One day before and
after immunization, mice were injected intraperitoneally with anti-CD4, anti-CD8 or rat IgG (control) mAb.

On days 7 and 28, the proportion of CD4+ and CD8+ cells in spleens was analyzed. Each value is the mean B
SEM of 3–4 mice per group. One representative experiment out of 3 is shown.
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Fig. 5. IL-4 and IFN-Á production in culture
supernatants during in vitro OVA stimula-
tion of spleen cells. On day –1 and day 1,
each group of 4 mice was injected intraperi-
toneally with 100 Ìg of anti-CD4, 100 Ìg of
anti-CD8 or 100 Ìg of rat IgG (control). On
day 0, mice were immunized with 10 Ìg of
OVA, or 10 Ìg of OVA plus 2 mg of DEP.
After 3 weeks, each mouse was boosted with
10 mg of OVA alone. On day 28, spleens
were collected from each treatment group
and spleen cells were cultured with OVA.
Supernatants were collected after 48 h of cul-
ture. IL-4 (a) and IFN-Á (b) production was
determined by ELISA. Each value is mean
B SE. * p ! 0.05 vs. group A; ** p ! 0.01 vs.
group A; # p ! 0.05 vs. group B; ## p ! 0.01
vs. group B; + p ! 0.05 vs. group C; ++ p !
0.01 vs. group C.

Fig. 6. IL-2 (a) and IL-10 (b) production in
culture supernatants during in vitro OVA
stimulation of spleen cells. On day –1 and
day 1, each group of 4 mice was injected
intraperitoneally with 100 Ìg of anti-CD4,
100 Ìg of anti-CD8 or 100 Ìg of rat IgG
(control). On day 0, mice were immunized
with 10 Ìg of OVA, or 10 Ìg of OVA plus
2 mg of DEP. After 3 weeks, each mouse was
boosted with 10 mg of OVA alone. On day
28, spleens were collected from each treat-
ment group and spleen cells were cultured
with OVA. Supernatants were collected after
48 h of culture. Cytokine production was de-
termined by ELISA. Each value is mean B
SE. * p ! 0.05 vs. group A; ** p ! 0.01 vs.
group A; + p ! 0.05 vs. group C.

received a booster immunization of OVA. On day 28,
spleen cells from each group of mice were placed in cul-
ture with OVA. IL-4 production in culture supernatants
had significantly increased in the DEP-injected mice
treated with vehicle (rat IgG; p ! 0.01) and anti-CD8 (p !
0.01) mAb (fig. 5a).

At 48 h, IFN-Á production in OVA+DEP-injected
mice showed no significant increase compared with OVA-
injected mice. Treatment with anti-CD8 mAb markedly
increased IFN-Á production in the DEP+OVA- and OVA-
injected mice (fig. 5b). Between the groups, reduced
IFN-Á production was observed in DEP-injected mice.
Depletion of CD4+ cells in DEP-injected mice resulted in
marked decrease of IFN-Á production (p ! 0.01).

At 48 h, DEP injection significantly increased the IL-2
production (p ! 0.01), a Th1 cytokine, as compared with
vehicle level in OVA-immunized mice (fig. 6a). Although
treatment with anti-CD4 mAb in OVA-injected mice sig-
nificantly reduced IL-2 production, treatment with anti-
CD4 mAb in DEP-injected mice had no influence in this
cytokine. In IL-10 production, DEP injection to mice
failed to enhance the production, but treatment with anti-
CD8 mAb resulted in a significant increase more in DEP-
injected mice than in OVA-injected mice (fig. 6b).

Effect of DEP on IgE and IgG Subclass Synthesis
To investigate the systemic effect of DEP after treat-

ment with anti-CD4 and anti-CD8 mAbs, we asked
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Fig. 7. Effects of DEP on IgE and IgG anti-
body responses. On day –1 and day 1, each
group of 4 mice was injected intraperitone-
ally with 100 Ìg of anti-CD4, 100 Ìg of anti-
CD8 or 100 Ìg of rat IgG (control). on day 0,
mice were immunized with 10 Ìg of OVA, or
10 Ìg or OVA plus 2 mg of DEP. After
3 weeks, each mouse was boosted with
10 mg of OVA alone. On day 28, plasma was
collected from each treatment group and lev-
els of anti-OVA IgE (a), total IgE (b), anti-
OVA IgG1 (c), anti-OVA IgG2a (d) and
anti-OVA IgG3 (e) were measured by PCA
and ELISA. Each value is mean B SE.
Group A = OVA+rat IgG-treated group;
group B = OVA+anti-CD4-treated group;
group C = OVA+anti-CD8-treated group;
group D = OVA+DEP+rat IgG-treated
group; group E = OVA+DEP+anti-CD4-
treated group; group F = OVA+DEP+anti-
CD8-treated group. * p ! 0.05 vs. group A;
** p ! 0.01 vs. group A; # p ! 0.05 vs. group
B; ++ p ! 0.01 vs. group C.

whether the isotype and IgG subclass of anti-OVA anti-
body changed after injection with DEP. In the OVA+
DEP-immunized, vehicle-treated mice, anti-OVA IgE
and total IgE levels in plasma were markedly increased
(fig. 7a, b) compared with OVA-immunized, vehicle-
treated mice. Treatment with anti-CD4 mAb in OVA+
DEP- and OVA-injected mice markedly reduced OVA-
specific and total IgE levels. In addition, OVA+DEP-
injected, vehicle-treated mice showed a significant in-
crease (p ! 0.01) in anti-OVA IgG1 levels compared with
levels in OVA-injected controls (fig. 7c). Treatment with
anti-CD8 mAb in OVA+DEP-injected mice significantly
increased (p ! 0.01) the IgG1 levels, but treatment with
anti-CD4 mAb resulted in complete loss of the IgG1 pro-
duction.

Levels of anti-OVA IgG2a in OVA+DEP- and OVA-
injected mice were similar regardless of the treatment
with anti-CD4 and anti-CD8 mAbs (fig. 7d). In the
OVA+DEP-immunized, vehicle-treated mice, anti-OVA
IgG3 levels in plasma were significantly (p ! 0.05)
increased compared with OVA-immunized, vehicle-
treated mice (fig. 7e). Levels of anti-OVA IgG3 in DEP-
injected anti-CD4-treated mice also significantly in-
creased (p ! 0.01). However, treatment with anti-CD8
mAb markedly reduced anti-OVA IgG3 levels in either
OVA- or OVA+DEP-injected mice. These findings sug-
gest that DEP differently affect humoral immune re-
sponse and that increased IgE and IgG1 antibody produc-
tion may be due to the effect on CD4+ cells.
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Discussion

Administration of DEP has enhanced antigen-specific
IgE production and increased Th2-type cytokines in ani-
mal and human studies [7–9, 14]. However, it is uncertain
whether the adjuvant activity of DEP is due to modula-
tion of the function of CD4+ and CD8+ T-cell subtypes
which regulated type-1 and type-2 cytokine profiles. In
the present study, we investigated the effects of DEP on
cytokine networks involved in antigen-presenting cell
(APC) and systemic immune response in spleen and plas-
ma from mice depleted of CD4+ or CD8+ cells.

To examine the relation between CD4+ and CD8+ T-
cell depletion and proinflammatory cytokine secretion in
the peritoneal cavity of DEP-injected mice as an early host
defense mechanism, we analyzed the expression of CD80
and CD86 costimulatory molecules on APC and cytokine
production from PEC on day 7. Although PEC from DEP-
injected mice had increased numbers of IA+, CD80+/IA+
and CD86+/IA+ cells, DEP injection and CD4+ and
CD8+ T-cell depletion did not synergize to induce the syn-
thesis of the costimulatory molecules. The real role of
CD80 and CD86 molecules in the immune response
remains controversial. CD86 provides a signal to naive T
cells to differentiate to IL-4 producers, whereas CD80
induces more neutral differentiation [27]. Listeria infec-
tion causes upregulation of both CD80 and CD86 on mac-
rophages [28]. Schweitzer and Sharpe [29] demonstrated
that induction of IL-4 production and Th2 differentiation
by naive T cells is highly dependent on B7 molecules, but
does not appear to selectively regulate Th1/Th2 balance.
DEP and DEP extract induced the release of oxygen radi-
cals from activated APC and increased CD80 expression
in human nasal lavage cells [30]. Together with our work,
these studies suggest that DEP injection may activate
expression of the costimulatory molecules CD80 and
CD86, which may promote a differentiation of T cells and
lead to upregulation of immune response. Expression of
CD80 and CD86 on APC interacted with CD28 and
CTLA-4 on T cells plays an important role in the regula-
tion of immune response to allergen. Whether the expres-
sion of CD28 and CTLA-4 molecules on T cells is involved
in the adjuvant activity of DEP is presently unknown.

APC-derived proinflammatory cytokines, including
IL-1, IL-6, IL-8 GM-CSF and TNF-·, are important
modulators in the immune and inflammatory reactions.
Among these cytokines, IL-1 is released at an early stage
of allergic response, and induces macrophage and neutro-
phil emigration, initiation of cytokine cascades, and stim-
ulates release of GM-CSF from endothelial cells [31, 32].

GM-CSF is a hematopoietic growth factor that stimulates
eosinophil proliferation and maturation and enhances the
survival of both neutrophils and eosinophils [33, 34]. In
fact, DEP enhances IL-1 production by rat alveolar mac-
rophages in vitro [35]. In vitro culture with DEP stimu-
lates GM-CSF release from human bronchial epithelial
cells [15, 16]. Our present study indicated that GM-CSF
and IL-1· secretion in the peritoneal cavity from DEP-
injected mice was significantly increased. However, treat-
ment with anti-CD8 and anti-CD4 mAbs disturbed the
enhancement of GM-CSF and IL-1· production induced
by DEP injection, respectively. These findings suggest
that enhanced GM-CSF and IL-1· production may be
partly related to the modulation of CD4+ and CD8+ cell
function in DEP-injected mice. Holmes et al. [36, 37] sug-
gested that some CD8+ T cells may help initiate an IgE
response. CD8+ T cells likely modulate the CD4+ T-help-
er cell function of inducing and maintaining the IgE
response. We found that depletion of CD8+ cells abro-
gated the adjuvant activity of DEP in GM-CSF produc-
tion, and this result may point to an early helper function
of CD8+ cells. The interaction of CD8+ cells with APC
needs to be addressed in light of the role of APC for
studying adjuvant activity of DEP.

Regarding IL-10 and IL-12 as inhibitory cytokines in
allergic inflammation, DEP injection caused no change in
peritoneal cavity (fig. 3c, d). IL-10 serves as a feedback
inhibitory mechanism to damp down the inflammatory
response [38]. Treatment with anti-CD4 mAb significant-
ly increased the production of IL-10 in the peritoneal cav-
ity of OVA-injected mice. However, the same treatment
in DEP+OVA-injected mice had no influence on IL-10
secretion. IL-12 is one of the macrophage-derived cyto-
kines that can promote Th1-type T-cell differentiation
and induces IFN-Á production [39]. Depletion of CD8+
cells led to enhancement of IL-12 levels in the peritoneal
cavity from OVA-injected mice, but DEP injection re-
turned to the control levels.

When Th0-like responses are shifted toward a Th sub-
set development, PGE2 may play a role in suppression of
IL-12 production and in facilitating the production of
Th2-like cytokines [25, 26, 40]. On day 7, there is no
increase in production of PGE2 in peritoneal exudate
fluid from both OVA- and DEP+OVA-injected mice.
However, treatment with anti-CD8 mAb resulted in an
increase in PGE2 in OVA-injected mice and DEP injec-
tion enhanced its production markedly, suggesting that
DEP have an ability to retain the production of PGE2 in
the presence of CD4+ cells. Previous results showed that
intraperitoneal, intratracheal and intranasal instillation
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Table 2. Summary of cytokine production
from in vitro spleen cell cultures OVA

RIgG +anti-CD4 +anti-CD8

OVA+DEP

RIgG +anti-CD4 +anti-CD8

↓↓* ↑↑ ↑↑ ↑↑
IFN-Á ↑↑ ↑
IL-4 ↓ ↑ ↑↑ ↑↑
IL-10 ↓↓ ↑ ↑↑

↑ = increase (p ! 0.05); ↑↑ = increase (p ! 0.01); ↓ = decrease (p ! 0.05); ↓↓ = decrease (p !
0.01).

* Versus OVA+RIgG.

with OVA plus DEP enhanced anti-OVA IgE production,
suggesting that DEP have an adjuvant activity regardless
of the route used [7–9]. Therefore, the present protocol for
immunization and treatment with anti-CD4 or anti-CD8
mAb was adopted from Yang et al. [24]. One day before
and after intraperitoneal immunization with or without
DEP in the presence of OVA, mice were treated with anti-
CD4 or anti-CD8 mAb. Efficient depletion of CD4+ and
CD8+ cells from spleens was confirmed by FACS analysis
on day 7 (table 1). Further studies will be required to
determine time dependency in the production of PGE2

induced by DEP injection.
The mechanisms by which DEP exert their adjuvant

activity to induce a Th2-dominated cytokine production
are as yet unclear. Our present results in the production of
cytokines from spleen cells are summarized in table 2,
and clearly demonstrate for the first time that DEP inhib-
it the suppressive potential of CD8+ T cells, but enhance
the activated potential of CD4+ T cells. Moreover, com-
pared with Th1-type cytokines (IFN-Á, IL-2), DEP in-
crease Th2-type cytokine production from CD4+ T cells.
The production of IFN-Á in culture supernatants from
vehicle-treated spleen cells of DEP+OVA-injected mice
showed no significant difference from that of vehicle-
treated spleen cells of OVA-injected mice (fig. 5b). The
reason why DEP injection did not reduce the production
of IFN-Á in culture supernatants might be due to the dif-
ferent route of antigen administration. Depletion of
CD8+ T cells in a mouse model for IgE immune respon-
siveness and a rat model of asthma led to a significant
reduction in the mRNA expression of Th1 cytokines,
whereas Th2 cytokine mRNA expression was unchanged
[22, 41]. In humans, DEP+ragweed antigen challenge into
ragweed-sensitive subjects resulted in increased expres-
sion of IL-4, IL-5, IL-6, IL-10 and IL-13 mRNAs in nasal
lavage cells, but had an inhibitory effect on IFN-Á mRNA

[14]. These observations with our results suggest that the
adjuvant activity of DEP in the regulation of OVA-
induced cytokine production modulates the function of
both CD4+ and CD8+ T-cell subtypes.

In mice, production of both Th1-dominated antibody,
such as IgG2a and IgG3, as well as Th2-dominated anti-
body, such as IgE and IgG1, is associated with a balance in
the Th1/Th2-type cytokine production [42–44]. Adjuvant
activity of DEP was observed in anti-OVA IgE, anti-OVA
IgG1, anti-OVA IgG3, and total IgE production. Deple-
tion of CD4+ T cells abrogated the adjuvant effect of DEP
on anti-OVA IgE and anti-OVA IgG1 production in plas-
ma. However, depletion of CD8+ T cells inhibited the
upregulated anti-OVA IgG3 production. Because IgG3 is
a Th1-dominated antibody, the effect of DEP on the
CD8+ subset known as Tc1 cells may be related to the
above reduction. However, we were unable to document
an anti-CD8-associated decrease in cytokine production.
Another possibility is supported by the fact that IgG3
might be regulated by a T-independent mechanism [45,
46], suggesting that B cells appear to play an important
part in enhanced IgG3 production induced by DEP injec-
tion. Taken together, CD4+ T-cell subtypes appear to con-
tribute to the increased levels of IgE and IgG1 by DEP,
and increased levels of IgG3 may be due partly to the con-
tribution of the CD8+ T-cell subtype.

Acknowledgements

This work was supported in part by a grant-in-aid for scientific
research (B) from the Ministry of Education, Science, Sports and Cul-
ture of Japan and by special coordination funds for promoting
science and technology of the Science and Technology Agency of the
Japanese Government. We thank Ms. Miyoko Wada and Keiko
Mishima for their excellent technical assistance. We also thank Ms.
Sachiyo Shimizu for preparation of the manuscript.



Roles of T Cells in Adjuvant Activity of
DEP

Int Arch Allergy Immunol 2001;124:485–496 495

References

1 Kaneko S, Shimada K, Horiuchi H, Endo A,
Kodama M, Shinoda N, Imai T, Takiguchi K:
Nasal allergy and air pollution. Oto-rhino-la-
ryngology (Tokyo) 1980;23(suppl 4):270–281.

2 Pope CA 3rd, Dockery DW, Spengler JD, Rai-
zenne ME: Respiratory health and PM10 pollu-
tion. A daily time series analysis. Am Rev Res-
pir Dis 1991;144:668–674.

3 Magnussen H, Jorres R, Nowak D: Effect of air
pollution on the prevalence asthma and allergy.
Thorax 1993;48:879–881.

4 Leikauf GD, Kline S, Albert RE, Baxter CS,
Bernstein DI, Bernstein J, Buncher CR: Evalu-
ation of a possible association of urban air tox-
ics and asthma. Envrion Health Perspect 1995;
103(suppl 6):253–271.

5 Ishizaki T, Koizumi K, Ikemori R, Ishiyama Y,
Koshibiki E: Studies of prevalence of Japanese
cedar pollinosis among the residents in a dense-
ly cultivated area. Ann Allergy 1987;58:265–
270.

6 Schwartz J, Slater D, Larson TV, Pierson WE,
Koenig JQ: Particulate air pollution and hospi-
tal emergency room visits for asthma in Seattle.
Am Rev Respir Dis 1993;147:826–831.

7 Muranaka M, Suzuki S, Koizumi K, Takafuji
S, Miyamoto T, Ikemori R, Tokiwa H: Adju-
vant activity of diesel-exhaust particulates for
the production of IgE antibody in mice. J Aller-
gy Clin Immunol 1986;77:616–623.

8 Takafuji S, Suzuki S, Koizumi K, Tadokoro K,
Miyamoto T, Ikemori R, Muranaka M: Diesel-
exhaust particulates inoculated by the intranas-
al route have an adjuvant activity for IgE pro-
duction in mice. J Allergy Clin Immunol 1987;
79:639–645.

9 Fujimaki H, Nohara O, Ichinose T, Watanabe
N, Saito S: IL-4 production in mediastinal
lymph node cells in mice intratracheally in-
stilled with diesel exhaust particulates and anti-
gen. Toxicology 1994;92:261–268.

10 Fujimaki H, Saneyoshi K, Nohara O, Shiraishi
F, Imai T: Intranasal instillation of diesel ex-
haust particulates and antigen in mice modu-
lated cytokine productions in cervical lymph
node cells. Int Arch Allergy Immunol 1995;
108:268–273.

11 Kobayashi T, Ito T: Diesel exhaust particulates
induce nasal mucosal hyperresponsiveness to
inhaled histamine aerosol. Fundam Appl Toxi-
col 1995;27:195–202.

12 Takano H, Yoshikawa T, Ichinose T, Miyabara
Y, Imaoka K, Sagai M: Diesel exhaust particles
enhance antigen-induced airway inflammation
and local cytokine expression in mice. Am J
Respir Crit Care Med 1997;156:36–42.

13 Diaz-Sanchez D, Tsien A, Casillas A, Dotson
AR, Saxon A: Enhanced nasal cytokine produc-
tion in human beings after in vivo challenge
with diesel exhaust particles. J Allergy Clin
Immunol 1996;98:114–123.

14 Diaz-Sanchez D, Tsien A, Fleming J, Saxon A:
Combined diesel exhaust particulate and rag-
weed allergen challenge markedly enhances hu-
man in vivo nasal ragweed-specific IgE and
skews cytokine production to a T helper cell 2-
type pattern. J Immunol 1997;158:2406–2413.

15 Bayram H, Devalia JL, Sapsford RJ, Ohtoshi
T, Miyabara Y, Sagai M, Davies RJ: The effect
of diesel exhaust particles on cell function and
release of inflammatory mediators from hu-
man bronchial epithelial cells in vitro. Am J
Respir Cell Mol Biol 1998;18:441–448.

16 Ohtoshi T, Takizawa H, Okazaki H, Kawasaki
S, Takeuchi N, Ohta K, Ito K: Diesel exhaust
particles stimulate human airway epithelial
cells to produce cytokines relevant to airway
inflammation in vitro. J Allergy Clin Immunol
1998;101:778–785.

17 Terada N, Maesako K, Hiruma K, Hamano N,
Houki G, Konno A, Ikeda T, Sai M: Diesel
exhaust particulates enhance eosinophil adhe-
sion to nasal epithelial cells and cause degranu-
lation. Int Arch Allergy Immunol 1997;114:
167–174.

18 Saneyoshi K, Nohara O, Imai T, Shiraishi F,
Moriyama H, Fujimaki H: IL-4 and IL-6 pro-
duction of bone marrow-derived mast cells is
enhanced by treatment with environmental
pollutants. Int Arch Allergy Immunol 1997;
114:237–245.

19 Mosmann TR, Chewinski H, Bond MW, Gied-
lin MA, Coffman RL: Two types of murine
helper T cell clones. 1. Definition according to
profiles of lymphokine activities and secreted
proteins. J Immunol 1986;135:2348–2357.

20 Croft M, Carter L, Swain SL, Dutton RW:
Generation of polarized antigen-specific CD8+
effector populations: Reciprocal action of in-
terleukin (IL)-4 and IL-12 in promoting type 2
versus type 1 cytokine profiles. J Exp Med
1994;180:1715–1728.

21 Sad S, Marcotte R, Mosmann TR: Cytokine-
induced differentiation of precursor mouse
CD8+ T cells into cytotoxic CD8+ T cells
secreting Th1 or Th2 cytokines. Immunity
1995;2:271–279.

22 Noble A, Macary PA, Kemeny DM: IFN-gam-
ma and IL-4 regulate the growth and differenti-
ation of CD8+ T cells into subpopulations with
distinct cytokine profiles. J Immunol 1995;
155:2928–2937.

23 Sagai M, Saito H, Ichinose T, Kodama M, Mori
Y: Biological effects of diesel exhaust particles.
1. In vitro production of superoxide and in
vivo toxicity in mouse. Free Radic Biol Med
1993;14:37–47.

24 Yang M, Cao Y, Mohapatra SS: CD8+ T cells
inhibit immunoglobulin E synthesis in low re-
sponder SJL/J mice. Immunology 1998;93:
230–237.

25 Gold KN, Weyand CM, Goronzy JJ: Modula-
tion of helper T cell function by prostaglandins.
Arthritis Rheum 1994;37:925–933.

26 Katamura K, Shintaku N, Yamauchi Y, Fukui
T, Ohshima Y, Mayumi M, Furusho K: Prosta-
glandin E2 at priming of naive CD4+ T cells
inhibits acquisition of ability to produce IFN-Á
and IL-2, but not IL-4 and IL-5. J Immunol
1995;155:4604–4612.

27 De Becker G, Moulin V, Tielemans F, De Mat-
tia F, Urbain J, Leo O, Moser M: Regulation of
T helper cell differentiation in vivo by soluble
and membrane proteins provided by antigen-
presenting cells. Eur J Immunol 1998;28:3161–
3171.

28 Sonoda KH, Matsuzaki G, Nomura A, Ya-
mada H, Hamano S, Nakamura T, Mukasa A,
Nomoto K: Macrophages activated by Listeria
monocytogenes induce organ-specific autoim-
munity. Immunology 1997;92:274–283.

29 Schweitzer AN, Sharpe AH: Studies using anti-
gen-presenting cells lacking expression of both
B7-1 (CD80) and B7-2 (CD86) show distinct
requirements for B7 molecules during priming
versus restimulation of Th2 but not Th1 cyto-
kine production. J Immunol 1998;161:2762–
2771.

30 Nel AE, Diaz-Sanchez D, Ng D, Hiura T, Sax-
on A: Enhancement of allergic inflammation
by the interaction between diesel exhaust parti-
cles and the immune system. J Allergy Clin
Immunol 1998;102:539–554.

31 Zsebo KM, Yuschenkoff VN, Schiffer S, Chang
D, McCall E, Dinarello CA, Brown MA, Al-
trock B, Bagby GC Jr: Vascular endothelial
cells and granulopoiesis: Interleukin-1 stimu-
lates release of G-CSF and GM-CSF. Blood
1988;71:99–103.

32 Dinarello CA: Interleukin-1; in Thomson A
(ed): The Cytokine Handbook. London, Aca-
demic Press, 1994, pp 31–56.

33 Lopez AF, Williamson DJ, Gamble JR, Begley
CG, Harlan JM, Klebanoff SJ, Waltersdorph
A, Wong G, Clark SC, Vadas MA: Recombi-
nant human granulocyte-macrophage colony-
stimulating factor stimulates in vitro mature
human neutrophil and eosinophil function,
surface receptor expression, and survival. J
Clin Invest 1986;78:1220–1228.

34 Sakamoto KM, Golde DW, Gasson JC: The
biology and clinical applications of granulo-
cyte-macrophage colony-stimulating factor. J
Pediatr 1991;118:S17–S20.

35 Yang H-M, Ma JYC, Castranova V, Ma JKH:
Effects of diesel exhaust particles on the release
of interleukin-1 and tumor necrosis factor-
alpha from rat alveolar macrophages. Exp Lung
Res 1997;23:269–284.

36 Holmes BJ, Diaz-Sanchez D, Lawrence RA,
Bell EB, Maizals RM, Kemeny DM: The con-
trasting effects of CD8+ T cells on primary,
established and Nippostrongylus brasiliensis-in-
duced IgE responses. Immunology 1996;88:
252–260.



496 Int Arch Allergy Immunol 2001;124:485–496 Fujimaki/Ui/Ushio/Nohara/Endo

37 Holmes BJ, MacAry PA, Noble A, Kemeny
DM: Antigen-specific CD8+ T cells inhibit IgE
responses and interleukin-4 production by
CD4+ T cells. Eur J Immunol 1996;27:2657–
2665.

38 Barnes PJ, Lim S: Inhibitory cytokines in asth-
ma. Mol Med Today 1998;4:452–458.

39 Zeh H JIII, Tahara H, Lotze MT: Interleukin-
12; in Thomson A (ed): The Cytokine Hand-
book. London, Academic Press, 1994, pp 239–
256.

40 Demeure CE, Yang LP, Desjardins C, Ray-
nauld P, Delespesse G: Prostaglandin E2
primes naive T cells for the production of anti-
inflammatory cytokines. Eur J Immunol 1997;
27:3526–3531.

41 Huang TJ, Macary PA, Kemeny DM, Chung
KF: Effect of CD8+ T-cell depletion on bron-
chial hyper-responsiveness and inflammation
in sensitized and allergen-exposed Brown-Nor-
way rats. Immunology 1999;96:416–423.

42 Mosmann TR, Coffman RL: Th1 and Th2
cells: Different patterns of lymphokine secre-
tion lead to different functional properties.
Annu Rev Immunol 1989;7:145–173.

43 Snapper CM, Mond JJ: Towards a comprehen-
sive view of immunoglobulin class switching.
Immunol Today 1993;14:15–17.

44 Takahashi S, Fossati L, Iwamoto M, Merino R,
Motta R, Kobayakawa T, Izui S: Imbalance
towards Th1 predominance is associated with
acceleration of lupus-like autoimmune syn-
drome in MLR mice. J Clin Invest 1996;97:
1597–1604.

45 Gavin AL, Barnes N, Dijstelbloem HM, Ho-
garth PM: Identification of the mouse IgG3
receptor: Implications for antibody effector
function at the interface between innate and
adaptive immunity. J Immunol 1998;160:20–
23.

46 Baz A, Richieri A, Puglia A, Nieto A, Demat-
teis S: Antibody response in CD4-depleted
mice after immunization or during early infec-
tion with Echinococcus granulosus. Parasite
Immunol 1999;21:141–150.




