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ABSTRACT

Such allergic diseases as rhinitis and asthma are IgE-mediated type I reactions and are controlled primarily by
Th2 cells. One of the major dust mites, Dermatophagoides pteronyssinus (Dp), is considered to cause allergic re-
actions. Oral tolerance, largely used to modulate immune response, opens the possibility of modulating Th2 al-
lergic responses. We observed downmodulation of total and specific IgE antibody levels as well as the number
of specific IgE-secreting cells with Dp feeding in previously sensitized mice. Analysis of the cytokine profile in
mucosal lymphoid tissues in the protocol revealed altered patterns of interferon-y (IFN-y), interleukin-5 (IL-5),
and transforming growth factor-g (TGF-B) secretion in Dp-fed animals. The results suggest that both the Th
and B cell populations are modulated in mice made tolerant by oral Dp feeding. Understanding the mechanisms
at the mucosal level that underlie oral tolerance can improve its use in allergy immunotherapy.

INTRODUCTION

TYPE I HYPERSENSITIVITY MEDIATED BY IgE is prevalent in
the world population. One of the major indoor allergens is
the dust mite Dermatophagoides pteronyssinus(Dp), which can
cause such diseases as rhinitis and asthma. Subcutaneous (s.c.)
immunotherapy using Dp is prolonged and not innocuous, thus
supporting the search for other routes. Mucosal antigen ad-
ministration can induce humoral modulation and decreased
lymphoid proliferation after parenteral antigen reexposure.!
This procedure, known as oral tolerance, has been studied in
experimental murine models of autoimmunity and allergy.>3
The vast majority of experimental protocols of oral tolerance
use naive animals, leading to results that possibly can differ
from those in primed animals.

Different mechanisms have been proposed to mediate oral
tolerance, such as active suppression when low antigen doses
are administered and anergy and clonal deletion by apoptosis
when high doses are used.*~® These mechanisms are not mu-
tually exclusive and can be cooperative. In addition, other reg-
ulatory mechanisms, such as the production of autoantibodies
against IgE, have been suggested in mice sensitized with Dp
and submitted to an oral tolerance protocol ()

The mucosal immune tissues are the principal sites at which
the orally administered antigen first encounters the immune sys-
tem and initiates an immune response, leading to oral tolerance.

In the mucosal lymphoid tissue of orally tolerant mice, an initial
increase in interleukin-2 (IL-2) production in Peyer’s patches has
been observed, followed by higher IL-4, IL-10, and transforming
growth factor-8 (TGF-B) production® This cytokine response
could be related to the modulation of other cytokine secretions,
expansion of T cell clones, and downmodulation of specific re-
sponses. An understanding of events following antigen exposure
on mucosal surfaces is of fundamental importance to better un-
derstand the regulatory mechanisms of oral tolerance.

We studied the effect of feeding Dp on humoral response in
a murine model of immediate hypersensitivity to Dp and stud-
ied cytokine production in mucosal tissues, such as Peyer’s
patches (PP), mesenteric lymph nodes (MLN), and draining
lymph nodes (DLN). We observed a decreased number of spe-
cific IgE-secreting cells and downregulation of the anti-Dp IgE
serum level, with concomitant stimulation of regulatory cy-
tokines. Modulation of a predominant allergic Th2 response by
oral tolerance could be a potential strategy of immunotherapy
using oral administration of allergens in clinical situations.

MATERIALS AND METHODS

Animals

Inbred female A/Sn mice (8—-10 weeks old) were provided
by the animal facility of Sdo Paulo University School of Med-

Laboratério de Alergia e Imunologia Clinica e Experimental/LIM-56, Faculdade de Medicina da Universidade de Sdo Paulo-Brasil.
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icine. Wistar Furth rats (RT1"") of both sexes, 34 months old
and bred in our own laboratory’s animal facility, were employed
for passive cutaneous anaphylactic reactions.

Immunization and oral administration of Dp

Mice were sensitized s.c. at the tail base and intramuscularly
(i.m.) in the two hind footpads with a total of 10 ug Dp (112,900
units of biological equivalents [UBE]/ml) (Ifidesa-Aristegui,
Bilbao, Spain) emulsified v/v with complete Freund’s adjuvant
(CFA) (Sigma, St. Louis, MO). They received two intraperi-
toneal (i.p.) boosters on days 21 (10 ug) and 28 (50 ug) after
priming. Under light ether anesthesia, mice were fed by the in-
tragastric (i.g.) route using a urethral tube long enough to reach
the stomach on days 6, 7, and 8 after priming with a total of
1.0 mg Dp dissolved in 0.5 ml saline. The control group was
fed with saline solution. Each mouse was bled on days 28 and
35 after priming from the retroorbital plexus, and individually
collected sera were frozen at —20°C until use.

Passive cutaneous anaphylaxis (PCA)

IgE antibodies were estimated by passive cutaneous ana-
phylaxis (PCA) reaction as described by Ovary® and modified
by Mota and Wong.'? Briefly, 0.1 ml of mouse serum dilu-
tions was inoculated intradermally (i.d.) into the shaved backs
of rats. After 18 h, the rats received 50 ug Dp in 1.0 ml 0.5%
Evans blue intravenously (i.v.). The rats were killed 1 h later,
and the reciprocal of the highest serum dilution that showed a
reaction >5 mm was taken as the PCA titer.

Cell collection

Splenic mesenteric, and draining lymph nodes (periaorticand
inguinal) as well as Peyer’s patches were removed aseptically
from mice on day 12, 28, or 35 after priming, put into RPMI
1640 medium (GIBCO, Grand Island,NY), and pressed through
a stainless steel wire mesh to produce a single cell suspension.
Mononuclear spleen cells were obtained after Ficoll-Hypaque
gradient (u:1096) centrifugation. The cells were resuspended
in RPMI 1640 medium supplemented with 10% fetal bovine
serum (FBS) (Hyclone Laboratories, Inc., Logan, UT), 40 mg/L
gentamicin, and 200 U/L Penicillin. The final concentration was
determined according to the assay.

Measurement of total IgE and anti-Dp subclasses of
IgG antibodies

To measure specific IgG antibodies by ELISA, 96-well mi-
croplates (Costar, Cambridge, MA) were coated with 5 pg/ml
Dp extractin 0.1 M carbonate-bicarbonatebuffer, pH 9.5. The
wells were blocked with phosphate-buffered saline (PBS)/0.5%
gelatin before incubation of the serum sample dilutions. Detec-
tion was performed with biotinylatedanti-y1, anti-y2a, anti-y2b,
and anti-y3 mouse chain antibodies (1:3000) (Southern Biotech-
nologies, Birmingham, AL) and streptavidin -galactosidase
(1:1500) (Sigma), followed by 0.8 mg/ml ortho-nitrophenyl -
D-galactopyranoside (ONPG) (Sigma) in 0.1 M phosphate
buffer, pH 7.0, containing 0.0056% (v/v) 2-B-mercaptoethanol.
The reaction was detected at 415 nm in an ELISA microplate
reader (Bio-Rad Laboratories, Hercules, CA). Total IgE mea-
surement was performed by double monoclonal antibody (mAb)

MACIEL ET AL.

ELISA, using 3 ug/ml antimouse IgE (PharMingen, San Diego,
CA) to coat the wells. The individual sera were serially diluted
and incubated as described. After six washes, a biotinylated anti-
IgE antibody (1:1000) (PharMingen) was added, and plates were
incubated for 1 h at 37°C, followed by incubation with strepta-
vidin B-galactosidase and ONPG as described. The OD units
were correlated to the protein concentrationwith standard curves
derived from purified IgE (PharMingen).

ELISPOT assay for estimation of IgE-secreting cells

An improved ELISPOT method to estimate the number of
total and anti-Dp IgE antibody-secreting cells was developed
as previously described'D Briefly, circular nitrocellulose
membranes (45 um pore size) (Schleicher & Schuell, Keene,
NH) previously placed in 24-well culture plates (Costar) were
coated with 10 pwg/ml anti-IgE antibodies (PharMingen) for de-
tection of total IgE-secreting cells or with 25 ug/ml Dp for anti-
Dp IgE-secreting cells and incubated overnight. After washing
with PBS, the membranes were saturated with PBS/1% bovine
serum albumin (BSA)/1% FBS for 2 h. Cell suspensions
(0.25 X 106 cells for total IgE-secreting cells and 4 X 10° for
anti-Dp-secreting cells) in RPMI 1640 medium supplemented
with 10% FBS were added in volumes of 400 ul per well. In
some experiments, 10 ug/ml cycloheximide (Sigma) was added
during incubation. The plates were incubated 18 h at 37°C and
5% CQO,. After four washes with PBS/0.01% Tween-20,
biotinylated anti-IgE antibody (1:500) (PharMingen) was
added, and plates were incubated overnight at 4°C. After a sim-
ilar washing procedure alkaline streptavidin phosphatase
(1:1000) (PharMingen) was added, and the plates were incu-
bated for 2-h at ambient temperature. The reaction was devel-
oped with addition of 400 ul per well 5-bromo-4-chloro-3-in-
dolyl phosphatehitroblue tetrazolium (BCIP-NBT) (Sigma),
after incubation for 20 min at ambient temperature. Washes
with distillated water were used to stop the reaction. The spot
readings were done with an inverted microscope, and estimates
are expressed per 100 cells for total IgE-secreting cells or per
107 for anti-Dp IgE-secreting cells.

ELISPOT assay for estimation of
cytokine-secreting cells

Cytokine-secreting cells were analyzed by ELISPOT assay
as described by Sacks and Klinman.('? Briefly, each flat-bot-
tomed 96-well microplate was coated with 8 wg/ml anti-inter-
feron-y (IFN-7y) (clone RA-6A2) or 4 pg/ml anti-IL-4 (clone
11B11), anti-IL-2 (clone JES6-1A12), or anti-IL-5 (clone
TRFKS) monoclonal antimouse antibody (PharMingen) and in-
cubated overnightat 4°C. The plates were blocked with PBS/4%
BSA for IFN-vy assays and with 2% BSA for IL-2, IL-4, and
IL-5 assays and incubated for 2 h at ambient temperature. Af-
ter adding 1.0 X 106 cells per well in RPMI 1640 medium sup-
plemented with 10% FBS, the plates were incubated overnight
at37°C in a humidified 5% CO, incubator. Three washing were
done by adding PBS/0.01% Tween to the wells for 10 min. Sub-
sequently, 1.25 ug/ml biotinylated anti-IFN-y (clone XMG1.2)
or 2 ug/ml biotinylated anti-IL-2 (clone JES6-5H4), anti-IL-4
(clone BVD6-024G2), or anti-IL-5 (clone TRFK4) mAb
(PharMingen) was added, and the plates were incubated
overnight at 4°C. After similar washings, alkaline streptavidin
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phosphatase (1:1000) was added, and plates were incubated for
2 h at ambient temperature. Finally, 0.1% BCIP in 2-amino-2-
methyl-1-propanol, pH 10.25, buffer solution (Sigma) was
added for 2 h at 37°C. The colorimetric reaction was halted
with distilled water. Spots were enumerated under 40X mag-
nification, and results are expressed per 10° cells.

ELISA for TGF-B measurement in supernatants

Single cell suspensions from PP, or MLN, or DLN (10 X
10° cells/ml) were cultured in the presence of Dp (50 wg/ml),
concavalin A (ConA) (5 pg/ml), or medium alone for 72 h for
TGF-B detection, whereupon cell-free supernatants were col-
lected and assayed using the cytokine-specific ELISA assay.
TGF-B (Promega, Madison, WI) ELISA assays were performed
following the manufacturer’s recommendations. Briefly, 96-
well microplates (Costar) were coated with an appropriate con-
centration of anticytokine mAb overnight at 4°C. After de-
canting, the microplates were blocked with TGF-B block
solution for 35 min at 37°C. The block solution was decanted,
and the samples were incubated for 2 h with constant shaking
at ambient temperature. The plates were washed, the specific
secondary anti-TGF-@8 antibody was added, and the plates were
incubated for 2 h with constant shaking at ambient temperature.
After additional washings, 50 ul anti-TGF-B antibody conju-
gated with peroxidase (1:1000) (Sigma) was added, followed
by incubation for 2 h with constant shaking at ambient tem-
perature. The reaction was started by adding tetramethylbenzi-
dine (TMB) (Promega) and stopped with 25 ul phosphoric acid
(1.0 M). The reading was performed at 450 nm in an ELISA
assay microplate reader (Bio-Rad). The OD units were corre-
lated to the protein concentration using standard curves. The
detection limit level of TGF-B was 15.6 pg/ml.

RESULTS

Humoral response after oral Dp administration in
sensitized mice

To investigate the effect of oral administration in sensitized
mice, we selected a murine strain able to produce high amounts
of anti-Dp IgE antibodies in response to Dp immunization.

Control A/Sn mice were sensitized with Dp emulsified in
CFA and received two boosters on days 21 and 28 after prim-
ing. Anti-Dp IgE antibodies were detectable only on day 35
(Fig. 1). Mice sensitized using the same procedure were ad-
ministered oral Dp on days 6, 7, and § after priming (a total of
1 mg). The mice fed Dp showed a significant decrease in pro-
duction of anti-Dp IgE antibodies (Fig. 1) and total IgE anti-
bodies when compared with control saline-fed mice on day 35
after priming (Fig. 2). Total IgE antibody levels were not mea-
surable on day 21 after priming but were first detected on day
28, when both groups showed similar levels (Fig. 2).

When the IgG response was analyzed on the 28th day, the
levels of anti-Dp antibodies, belonging to subclasses IgGl,
IgG2a, and IgG2b, were significantly decreased in Dp-fed mice
when compared with controls (Fig. 3). The level of specific
IgG3 antibodies, which was lower than those of other subclasses
by immunization, did not alter with the oral Dp administration
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FIG. 1. Anti-Dp IgE antibody levels of previously sensitized
Dp-fed mice. A/Sn mice were immunized with Dp/CFA and
fed with Dp or saline on the 6th, 7th, and 8th days after prim-
ing (dap). After two boosters, the animals were bled on the 35th
dap, and the individual sera were assayed for specific IgE an-
tibodies by PCA. “p < 0.001 when compared with control
saline-fed mice. Data are means of 4—7 mice in each group of
four independent experiments.

schedule. On day 35 after priming, Dp-fed mice and controls
showed similar levels of all IgG subclasses (Fig. 3).

To evaluate the effect of oral Dp administrationon antibody-
secreting cells, the number of total and anti-Dp IgE-secreting
cells from spleen were estimated by the ELISPOT assay (Table
1). This assay had to be adapted to detect IgE-secreting cells,('
as this isotype-secreting cell is usually found at a lower fre-
quency than other isotype-producingcells. The number of anti-
Dp IgE-secreting cells of Dp-fed mice was decreased in the
spleen, in agreement with the low IgE serum levels (Table 1).
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FIG. 2. Total IgE antibody of previously sensitized Dp-fed
mice. A/Sn mice were immunized with Dp/CFA and fed with
Dp or saline on the 6th, 7th, and 8th days after priming (dap).
The animals were boosted on the 21st and 28th dap. They were
bled on the 28th and 35th dap, and the individual sera were as-
sayed for total IgE antibody concentrations by ELISA. “p <
0.05 when compared with control saline-fed mice. Data are
means of 4-7 mice in each group of four independent experi-
ments.
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FIG. 3.

IgG subclasses of anti-Dp antibodies in previously sensitized Dp-fed mice. The sera of Dp-fed and saline-fed mice ob-

tained on the 28th and 35th days after priming (dap) were assayed for IgG1 (1:160,000 and 1:320,000, respectively), IgG2a
(1:3000 and 1:3000, respectively), [gG2b (1:6400 and 1:2000, respectively), and IgG3 (1:100 and 1:400, respectively) antibod-
ies by ELISA. “p < 0.05 when compared with control saline-fed mice. Data are means of 4-7 mice in each group of four inde-

pendent experiments.

However, similar numbers of total IgE-secreting cells were ob-
served in the spleen of both groups. To check the in vitro syn-
thesis of this isotype, some assays were performed with the ad-
dition of cycloheximide, which blocks de novo synthesis. These
assays showed a marked reduction in the spot number (>95%),
indicating that no previously antibody-coated cells were pre-
sent in the samples (data not shown).

Effects of oral tolerance on cytokine-secreting cells
in sensitized mice

The inhibition found in the humoral response of sensitized
mice led us to analyze the number of cytokine-secreting cells,
as cytokines can actively modulate antibody production. Fresh
isolated cells from PP, MLN, and DLN were analyzed for IL-
2, IFN-v, IL-4, and IL-5 production by the ELISPOT assay on
day 12 (4 days after the last gavage) and day 28 after priming
(7 days after the first booster).

The DLN showed the highest number of IL-2-secreting cells
when compared with the other sites and an increase on day 28
after priming, mainly in Dp-fed mice (Fig. 4). A similar pro-
file of IL-4-secreting cells was detected in all lymphoid com-
partments analyzed in control as well as Dp-fed mice, showing
an increased cell frequency on day 28 (Fig. 4).

Decreased numbers of IL-5-secreting cells were found in
MLN of Dp-fed mice compared with saline-fed mice on day 12
after priming. On day 28, both groups showed similar numbers
of IL-5-secreting cells in MLN as well as PP and DLN (Fig.

4). A significant decrease in IFN-y-secreting cell numbers was
observed in PP soon after gavage in Dp-fed mice compared
with the control saline-fed mice (Fig. 4), and a similar number
of IFN-vy-secreting cells was observed in MLN and DLN in
both mouse groups (Fig. 4).

Cytokine profile in vitro

In parallel to the ex vivo cytokine analysis, TGF-£ secretion
by PP, MLN, and DLN cells induced by Dp and ConA on day
12 after priming was analyzed in vitro. The TGF-f secretion
level by nonstimulated MLN cells was significantly higher in

TaBLE 1. NuUMBER OF ToraL IgE-SECRETING CELLS IN
Dp-SENSITIZED MICE ADMINISTERED Dp OR SALINE ORALLY

Anti-Dp IgE- Total IgE-

secreting cells® secreting cells®
Group (/107) (/10°)
Dp-fed mice 25.7 + 5.30* 485 = 89.6
Saline-fed mice 559 = 104 550 * 69.6

2The number of IgE-secreting cells was quantified in the
spleen on day 35 after priming by ELISPOT assay.

®Median + SEM for 3 mice in each group of three indepen-
dent experiments.

*p < 0.05 when compared with saline-fed mice (Mann-
Whitney test).
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FIG. 4. Cytokine-secreting cells in PP, MLN, and DLN of
previously sensitized Dp-fed mice. A fresh single cell suspen-
sion isolated from PP, MLN, or DLN was tested by ELISPOT
assay to enumerate IFN-vy, IL-2, IL-4, and IL-5-secreting cells
on the 12th and the 28th day after priming (dap). “p < 0.05
when compared with control mice. ““p < 0.05 when compared
with Dp-fed mice on the 12th dap. Data are means = SEM for
3 mice in each group of three independent experiments.

cell cultures of Dp-fed mice than those of control mice (Fig.
5). Both antigen-specific and mitogenic stimulation induced
similar levels of TGF-S.

DISCUSSION

The effects of Dp feeding on humoral response and on cy-
tokine production in sensitized mice were studied at the mu-
cosal site of antigen entrance, that is, PP, MLN, and DLN.

The oral Dp administrationschedule, consisting of three con-
secutive doses given after sensitization with Dp/CFA, led to a
significant decrease in the production of anti-Dp IgE, IgGl,
IgG2a, and IgG2b antibody levels. The low number of splenic
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anti-Dp IgE-secreting cells found in Dp-fed mice reflected the
downmodulation of IgE antibody serum levels. Despite a large
number of works focusing on the induction of oral tolerance in
unsensitized animals,'*-% we considered the possibility of
modulating the IgE antibody response of sensitized mice by Dp
oral administration, an approach more consistent with the clin-
ical situation. It is known that the time between immunogenic
and tolerogenic stimuli is critical, and oral tolerance induction
seems to be difficult to establish after immunization.!3) The
data concerning antigen feeding in experimental protocols of
autoimmune diseases in primed animals are conflicting, sug-
gesting either amelioration4-16) or induction/exacerbation of
the disease.(1”1® Furthermore, the dosage and condition of oral
exposure to antigen strongly influence the outcome of the ex-
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FIG. 5. Profile of TGF-S secretion in vitro by PP, MLN, or
DLN cells of previously sensitized Dp-fed mice. Mice were fed
with either Dp or saline on the 6th, 7th, and 8th days after prim-
ing (dap). The PP, MLN, and DLN cells were harvested on the
12th dap and cultured in the presence of Dp (50 wg/ml) or ConA
(5 pg/ml) or medium alone. Supernatants obtained after 72 h
were assayed for TGF-8 production. “p < 0.05 when compared
with controls. B, baseline level. Data are means = SEM of 3
mice in each group of three individual experiments.
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periments. Previous results showed that a high oral Dp dosage
could enhance IgG antibody production in Dp/alum-sensitized
mice, drawing attention to a possible undesirable effect of such
protocols in clinical trials.”

It is well known that the antibody isotype profile is consid-
ered a relative indicator of murine Th subset activity.(!?) In
Dp-fed mice analyzed on day 28 after priming, both Th2 and
Th1 subsets seem to have been downmodulated, affecting [gG1
and IgG2a antibody production. The IgG3 antibody level did
not change, probably as a consequence of the proteic nature of
Dp antigen that calls for T cell and B cell cooperation and be-
cause this isotype usually is raised by T-independent anti-
gens.?Y After the second booster, we observed on day 35 af-
ter priming that Dp-administered mice produced IgG
subclasses, mainly IgG1, in amounts similar to those found in
control mice. This finding suggests an independent regulation
of IgE and IgG1 antibody production, as the IgE response in
Dp-fed mice was decreased at this time. Differences in the reg-
ulation of IgE-specific and IgG1-specific responses to T cell-
dependent antigen have been described using an intranasal tol-
erance-inducing protocol?" The mechanisms involved in
Dp-tolerant mice remain to be defined, but it is possible that
the decreased number of specific IgE-secreting cells could be
related to active suppression by cytokines or even clonal dele-
tion, such as apoptosis.

An initial burst of cytokines, such as IL-2 and IFN-v, in the
DLN seems to precede specific T cell tolerance?? In our ex-
periments, the Dp-fed animals showed a significant increase in
IL-2-secreting cells in the DLN and a decrease of IFN-y-se-
creting cells in the PP. The reduction in IFN-vy-secreting cells
in Dp-fed mice seems to agree with data showing that mucosal
tolerance can be reversed with minute amounts of IFN-y by the
nasal route.?® Furthermore, the neutralization of IFN-y with
mAb at the time of feeding has no effect on oral tolerance in-
duction, and tolerance normally can be induced in both IFN-y
receptor knockout (IFN-yR~/7) mice and IL-12 p40 knockout
(IL-127/7) mice.®® These data indicate that the decrease in
IFN-vy does not seem to be a primary event in oral tolerance in-
duction. Although a lower IgE response could be ascribed to
Th2 modulation, these findings do not suggest a shift to the Th1
axis and underline the concept of a regulatory cytokine network
operating in the orally Dp-administered animals.

It has been demonstrated that IL-4 is not essential to make
tolerant sensitized mice fed with ovalbumin'® although al-
tered secretion of IL-4 in murine models of oral tolerance has
been demonstrated®!'" We did not observe any difference in
the animal groupsregarding IL-4-secreting cells in spite of their
increased numbers after booster. It is possible that the addition
of splenic adherent cells could permit detection of IL-4 secre-
tion in culture supernatants, as was observed for IL-3, IFN-v,
and granulocyte-macrophage colony-stimulating factor (GM-
CSF) secretion in PP cells.(?3:29)

IL-5 can provide, together with IL-4, a signal for isotype
switching to IgE.?7) In this sense, the decrease in IL-5-secret-
ing cells observed in MLN of Dp-fed mice after feeding could
be partially ascribed to IgE downmodulation. Moreover, it has
been demonstrated that oral tolerance can diminish IL-5 secre-
tion® and prevent eosinophil recruitment into pulmonary tis-
sue,®® a desirable effect for allergic immunotherapy. In addi-
tion, an increase in IgA-secreting cells was observed in the
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MLN of Dp-fed mice (data not shown), and considering that
IL-5 is an IgA switching factor, that increase might be related
to other cytokines, such as TGF-B. Four days after antigen ad-
ministration, MLN cells showed a significantly higher baseline
level of TGF-B secretion, suggesting that this cytokine could
be one of the factors involved in the induction of oral tolerance
to Dp in sensitized mice. TGF-f has been described largely as
participating in oral tolerance models® and seems to down-
regulate the eosinophilic inflammatory infiltrate>®> The im-
munosuppressiverole of TGF-8 (and IL-4) in mucosal inflam-
matory responses has been described as counteracting IFN-y
proinflammatory properties.3%3D The IFN-vy decrease in Dp-
fed mice could favor TGF-f secretion by gut-associated lym-
phoid tissue (GALT) cells after oral antigen administration.

In summary, our data demonstrate that sensitized mice can
be made tolerant orally, as judged by decreased IgE antibody
serum levels and secreting cells, suggesting that T and B cells
populations are modulated. This modulation might be in part
due to TGF-B stimulation, and it was associated with a con-
comitant decrease in IFN-y-secreting and IL-5-secreting cells
in mucosal-associated lymphoid tissues.

ACKNOWLEDGMENTS

We are very grateful to Célia Regina Oliveira and Jefferson
Russo Victor for dedicated technical support, Maria Célia
Rezende for the care of the animals, and Dr. Waltraut Lay and
Miss Claudia Costabile for reviewing the manuscript. This re-
search is supported by Fapesp (No. 98/7326-7) and LIM 56-
HC/FMUSP.

REFERENCES

1. MOWAT, A.M. (1987). The regulation of immune response to di-
etary protein antigens. [mmunol.Todav 8, 93-99.

2. WEINER, H.L. (1997). Oral tolerance immune mechanisms and
treatment of autoimmune diseases. [mmunol, Todav 18, 335-343.

3. HOLT, P.G., BATTY, J.E., and TURNER, K.J. (1981). Inhibition
of specific IgE responses in mice by preexposure to inhaled anti-
gen. Immunology 42, 409-417.

4. FRIEDMAN, A., and WEINER, H.L. (1994). Induction of anergy
or active suppression following oral tolerance is determined by anti-
gen dosage. DrgeaNatl Acad Sci IS4 91, 6688-6692.

5. MELAMED, D., and FRIEDMAN, A. (1993). Direct evidence for
anergy in T lymphocytes tolerized by oral administration of oval-
bumin. Eur, J Immunol. 23, 935-941.

6. CHEN, Y., INOBE, J.,, MARKS, R., GONNELLA, P.A,
KUCHROO, V.J., and WEINER, H.L. (1995). Peripheral delection
of antigen-reactive T cells in oral tolerance. Nature 376, 177-180.

7. SATO, M.N., CARVALHO, AF., SILVA, A.O., MACIEL, M,,
Jr., FUSARO, A.E., and DUARTE, A.J.S. (1998). Oral tolerance
induced to house dust mite extract in naive and sensitized mice:
evaluation of immunoglobulin G anti-immunoglobulin E autoanti-
bodies and IgG-IgE complexes. Immunologv 95, 193-199.

8. GONNELLA, P.A., CHEN, Y., INOBE, J., KOMAGATA, Y.,
QUARTULLI, M., and WEINER, H.L. (1998). In situ response in
gut-associated lymphoid tissue (GALT) following oral antigen in
TCR-transgenic mice. J. Immunol. 160, 4708-4718.

9. OVARY, Z. (1958). Passive cutaneous anaphylaxis in the mouse.
J. Immunol. 81, 325-328.




CYTOKINE EVALUATION IN ORALLY TOLERANT MICE

10.

20.

21.

22.

23.

MOTA, I., and WONG, D. (1969). Homologous passive cutaneous
anaphylatic activity of mouse antisera during course of immuniza-
tion. Life Sci. 8, 813-820.

. SATO, M.N,, CARVALHO, A'F., SILVA, A.O., MACIEL, M.,

Jr., FUSARO, A.E., and DUARTE, A.J.S. (1999). Low dose of
orally administered antigen downregulates the T helper type 2 re-
sponses in a murine model of dust mite hypersensitivity. Im-
munology 98, 338-344.

. SACKS, T., and KLINMAN, D.M. (1997). Long-term effect of pri-

mary immunization on subsequent immune responsiveness. Cell.
Immunol. 177, 162-170.

. LEISHMAN, A.J., GARSIDE, P., and MOWAT, A M. (1998). Im-

munological consequences of intervention in established immune
responses by feeding protein antigens. 1l _Immunol. 183,
137-148.

. YOSHINO, S. (1995). Antigen-induced arthritis in rats is sup-

pressed by inducing antigen administered orally before, but not af-
ter immunization. Cell. Immunol. 163, 55-58.

. MEYER, A.L,, BENSON, J.M., GIENAPP, LE., COX, K.L., and

WHITACRE, C.C. (1996). Suppression of murine chronic relaps-
ing experimental autoimmune encephalomyelitis by the oral ad-
ministration of myelin basic protein. J. Immunol. 157, 4230-4238.

. TORSETH, J.W., and GREGERSON, D.S. (1998). Oral tolerance

in experimental autoimmune uveoretinitis: feeding after disease in-

duction is less protective than prefeeding. Clin Immunol Tm-
munopathol. 88, 297-304.

. GENAIN, C.P., ABEL, K., and BELMAR, N. (1996). Late com-

plication of immune deviation therapy in a nonhuman primate. Sci-
ence 274, 2054-2056.

. BLANAS, E., CARBONE, F.R., ALLISON, J., MILLER, J.F., and

HEATH, W.R. (1996). Induction of diabetes by oral administra-
tion of autoantigen. Science 274, 1707-1709.

. MOSMANN, T.R., and COFFMAN, R.L. (1989). Heterogeneity

of cytokine secretion patterns and functions of helper T cells. Adv.
Immunol. 46, 111-147.

SNAPPER, CM., McINTYRE, T.M., MANDLER, R,
PECANHA, L.M., FINKELMAN, F.D., LEES, A., and MOND,
J.J. (1992). Induction of IgG3 secretion by interferon gamma: a
model for T cell-dependent class switching in response to T cell-
independent type 2 antigens. J. Exp. Med. 175, 1367-1371.
VAN HALTEREN, A.G., VAN DER CAMMEM, M.J., COOPER,
D., SAVELKOUL, HF., KRAAL, G., and HOLT, P.G. (1997).
Regulation of antigen-specific IgE, IgG1, and mast cell responses
to ingested allergen by mucosal tolerance induction. J. Immunol.
159, 3009-3015.

VIDARD, L., COLARUSSO, L.J., and BENACERRAF, B. (1994).
Specific T cell tolerance may be preceded by a primary response.
oot doaduscinlld 91, 5627-5631.

LI, H, SHI, F., BAL X., HUANG, Y., VAN DER MEIDE, P.H.,
XIAO, B., and LINK, H. (1998). Nasal tolerance to experimental
autoimmune myasthenia gravis: tolerance reversal by nasal ad-
ministration of minute amounts of interferon-y. Clin, Immunol Im-
munopathol. 87, 15-22.

24.

25.

26.

27.

28.

29.

30.

31.

1063

MOWAT, A.M., STEEL, M., LEISHMAN, A.J., and GARSIDE,
P. (1999). Normal induction of oral tolerance in the absence of a
functional IL-12-dependent IFN-gamma signaling pathway. J. Im-
munol. 163, 4728-4736.

HOYNE, G.F., CALLOW, M.G., KUHLMAN, J., and THOMAS,
W.R. (1993). T cell lymphokine response to orally administered
protein during priming and unresponsiveness. Immunology 78,
534-540.

HOYNE, G.F., and THOMAS, W.R. (1995). T cell response to
orally administered antigens. Study of kinetics of lymphokine pro-
duction after single and multiple feeding. Immunology 84,
304-309.

PURKERSON, J.M., and ISAKSON, P.C. (1992). Interleukin-5
(IL-5) provides a signal that is required in addition to IL-4 for iso-
type switching to immunoglobulin (Ig) G1 and IgE. J. Exp. Med.
175, 973-982.

NAKAO, A., KASAI, M., KUMANO, K., NAKAJIMA, H.,
KURASAWA, K., and IWAMOTO, 1. (1998). High-dose oral tol-
erance prevents antigen-induced eosinophil recruitment into the
mouse airways. Int. Immunol. 10, 387-394.

HANEDA, K., SANO, K., TAMURA, G., SATO, T., HABU, S.,
and SHIRATO, K. (1997). TGF-$ induced by oral tolerance ame-
liorates experimental tracheal eosinophilia. J. Immunol. 159,
4484-4490.

SEDER, R.A., MARTH, T., SIEVE, M.C,, STROBER, W., LET-
TERIO, J.J., ROBERTS, A.B., and KENSALL, B.J. (1998). Fac-
tors involved in the differentiation of TGF-B-producing cells from
naive CD4* T cells: IL-4 and IFN-vy have opposing effects, while
TGF-B positively regulates its own production. Immunology 160,
5719-5728.

STROBER, W., KELSALL, B., FUSS, 1., MARTH, T., LUD-
VIKSSON, B., EHRHARDT, R., and NEURATH, M. (1997).
Reciprocal IFN-y and TGF-g responses regulate the occurrence of

mucosal inflammation. [mmunol. Todav 18, 61-64.

Address reprint requests to:

Dr. Maria Notomi Sato

Laboretorio de Alergia e Imunologia
Clinica e Experimental/LIM-56
Faculdade de Medicina da Universidade
de Sdo Paulo-Brasil

Av. Dr. Arnaldo, 455 2° andar, sala 2345
CEP: 01246-903

Sdo Paulo

Brasil

Tel: +55 11 30667499
Fax: +55 11 8817190
E-mail: marisato@usp.br

Received 20 July 2000/Accepted 8 August 2000



This article has been cited by:

1. M. N. Sato, C. R. Oliveira, E. A. Futata, J. R. Victor, M. Maciel, A. E. Fusaro, A. F. Carvalho, A. J. S. Duarte.
2002. Oral tolerance induction to Dermatophagoides pteronyssinus and Blomia tropicalis in sensitized mice:
occurrence of natural autoantibodies to immunoglobulin E. Clinical <btml_ent glyph="@amp; " ascii="amp; ">
Experimental Allergy 32:11, 1667-1674. [CrossRetf]

2. ML.N. Sato, A.E. Fusaro , J.R. Victor , C.R. Oliveira , E.T. Futata , M. Maciel , A.F. Carvalho , A.].S. Duarte
. 2001. Oral Tolerance Induction in Dermatophagoides pteronyssinus-Sensitized Mice Induces Inhibition
of IgE Response and Upregulation of TGF-@ SecretionOral Tolerance Induction in Dermatophagoides
pteronyssinus-Sensitized Mice Induces Inhibition of IgE Response and Upregulation of TGF-B Secretion.
Journal of Interferon Cytokine Research 21:10, 827-833. [Abstract] [PDF] [PDF Plus]


http://dx.doi.org/10.1046/j.1365-2222.2002.01429.x
http://dx.doi.org/10.1089/107999001753238079
http://www.liebertonline.com/doi/pdf/10.1089/107999001753238079
http://www.liebertonline.com/doi/pdfplus/10.1089/107999001753238079

