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ABSTRACT — We have recently reported breakdown of mucosal immunity in the gut by tetraclorod-
ibenzo-p-dioxin (TCDD). That is, single oral administration of low dose 2,3,7,8-TCDD resulted in a
marked decrease in IgA secretion in AhR-dependent manner and impaired oral tolerance in the gut. In the
present study, we found TCDD exposure by breast feeding also resulted in decreased level of IgA in the
gut. Ig production by B cells by LPS stimulation was not affected by TCDD administration. Instead, par-
ticular chemokine receptor expression on B1 cells, a major cell source for intestinal IgA antibody, was
decreased in mice treated with TCDD. In consistence with this observation, B1, but not B2 cells from
TCDD treated mice showed impaired chemotaxis towards B lymphocyte chemokine (BLC)/CXCL13.
In contrast, chemotaxis of intestinal dendritic cells (DCs) towards secondary lymphoid-tissue chemok-
ine (SLC)/CXCL19 was not impaired in mice treated with TCDD. Furthermore, there was no change in
the number and profile of intesitinal microflora in TCDD-treated mice. These results indicate that TCDD
exposure by breast feeding results in breakdown of intestinal mucosal immunity of pups and that it may

be attributed in part to impaired B1 cell migration from the peritoneal cavity to intestinal mucosa.
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INTRODUCTION

2,3,7,8-tetraclorodibenzo-p-dioxin (TCDD) has been
reported to exert a variety of adverse effects on immune
responses including antibody production and cytotoxic T
lymphocyte (CTL) generation (Hollsopple et al., 1991,
Kerkvliet, 1995, 2002). Exposure to TCDD also results in
decreased resistance to several infectious agents (Warren
et al., 2000). However, immunological effects of dioxins
on mucosal immunity in the gut have not been intensive-
ly examined so far despite that most dioxins are exposed
through the digestive tract. Intestinal mucosal immunity is
characterized by massive IgA secretion into the gut lumen
and induction of oral tolerance against huge amounts and
kinds of dietary antigens. Both intestinal IgA and oral
tolerance play pivotal roles for body defense to protect
against pathogens and to avoid systemic allergic sensitiza-
tion by oral antigens (Strobel and Mowat, 1998; Faria and

Weiner, 1999). We previously demonstrated that mucosal
immunity in the gut was impaired in BWF1 mouse strain,
a murine model for systemic lupus erythematosus (SLE)
(Akadegawa et al., 2005). Aged BWF1 mice develop-
ing lupus nephritis showed a defective IgA secretion in
the gut and increased susceptibility to bacterial infec-
tion. Oral tolerance was also impaired and orally admin-
istered-antigens induced systemic allergic sensitization in
the respiratory tract in these mice. On the other hand, it is
well recognized that allergic diseases have been increas-
ing for the recent several decades in developed countries
and that environmental factors are more involved in dis-
ease increase than genetic factors (Schultz-Larsen, 1993).
These environmental factors include increased air pollu-
tion, dust mite, dietary antigens, environmental chemicals
and so on (Hopkin, 1997). We hypothesized that environ-
mental chemicals which disrupt mucosal immunity in the
gut would result in allergic sensitization by oral antigens
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and could be a critical environmental factor for increased
allergic diseases. In fact, we found that administration of
low-dose TCDD resulted in defective IgA secretion in the
gut in an AhR-dependent manner and in breakdown of
oral tolerance leading to antigen-specific systemic sensi-
tization (Kinoshita et al., 2000).

In the present study, we suggest that TCDD exposure
by breast feeding also results in decreased level of IgA
in the gut of pups and that impaired chemotaxis of a par-
ticular B cell subset may be one of the possible mecha-
nisms for TCDD-induced breakdown of mucosal immu-
nity in the gut.

MATERIALS AND METHODS

Mice

Specific pathogen-free C57BL/6 mice, originally
obtained from the Shizuoka Laboratory Animal Center
(Shizuoka, Japan), were maintained under SPF condition
in our animal facility at The University of Tokyo. 2,3,7,
8-TCDD (Daiichikagaku Co., Tokyo, Japan) in corn oil
was intragastrally administrated to mothers 3 days after
delivery and fecal IgA level of pups was measured every
2 weeks. In some experiments, adult C57BL/6 mice aged
6-8 weeks were used. All animal experiments complied
with the standards set out in the guidelines of the Univer-
sity of Tokyo.

Cell preparation

Peritoneal B1 cells were purified by MACS® magnet-
ic beads (Miltenyi Biotech, Bergisch Gladbach, Germa-
ny) from whole peritoneal cells. Briefly, T-cells, macro-
phages and B2 cells were depleted by incubating with a
biotinylated mAb cocktail (anti-Thy1.2, anti-F4/80 plus
anti-CD23 mAbs) followed by incubation with strepta-
vidin-conjugated magnetic beads. Splenic B2 cells and
CD4+ T cells were also isolated by MACS beads conju-
gated with anti-mouse B220 or anti-mouse CD4 mAb.
Cell purity was more than 90% throughout the experi-
ments.

ELISA for fecal IgA

One-hundred milligrams of fecal pellets were placed
into 1.5 ml microcentrifuge tubes, added 1 ml (10 vol-
umes, w/v) of phosphate buffered saline (PBS), and incu-
bated at room temperature for 15 min. Samples were vor-
texed, left to settle for 15 min, revortexed until all material
was suspended, then centrifuged at 12,000 rpm for 10
min. The supernatant was removed and stored at —80°C
or immediately tested on ELISA kit for IgA (Bethyl Lab-
oratories, Montgomery, TX, USA). Microtiter plates were
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coated with goat anti-mouse IgA affinity purified anti-
body and incubated for 60 min. Plates were washed with
PBST (PBS containing 0.05% Tween 20) and each well
was blocked with 200 pl of 50 mM Tris (pH 8.0) contain-
ing 0.15 M NaCl and 1% bovine serum albumin (BSA)
for 30 min. After washing with PBST, 100 ul of test sam-
ples and standards was added per well and incubated for
60 min. Horse radish peroxidase (HRP) labeled goat anti
mouse [gA-Fc specific Ab was added to each well and
incubated for 60 min. Color was developed with HRP
substrate (3,3°,5,5’-tetramethyl benzidine) for 30 min and
read at 450 nm with a Emax® precision microplate reader
(Molecular Devices Corporation, Sunnyvale, CA, USA).

Flow cytometry

FITC-conjugated anti-CD4 (GK1.5), anti-CD5 (53-
7.3RRH) and anti-CD11b (M1/70); PE-conjugated anti-
CD8a (53-6.7), anti-CD11c¢ (HL-3), anti-B220 (RA3-
6B2); and APC-conjugated anti-B220 (RA3-6B2) mAbs
were purchased from PharMingen (San Diego, CA,
USA). Lymphoid cells were stained with 1) FITC-conju-
gated anti-CD4, PE-conjugated anti-CD8 and APC-conju-
gated anti-B220 mAbs, or 2) FITC-conjugated anti-CD5
and PE-conjugated anti-B220 mAbs, or 3) FITC-conju-
gated anti-CD11b and PE-conjugated anti-CD11c mAbs
and analyzed on Epics Elite® cell sorter (Coulter Elec-
tronics, Hialeah, FL, USA).

Induction of oral tolerance

Induction of systemic unresponsiveness to OVA
(Sigma Chemical Co., St. Louis, MO, USA) was per-
formed as described previously [7]. Briefly, mice were
given 25 mg of OVA in 250 pl PBS by gastric intuba-
tion at day 0. Control mice received PBS. At day 7 and
21, mice were immunized and challenged subcutaneous-
ly (s.c.) with 100 pg OVA in 100 pl CFA (Difco Labora-
tories, Detroit, MI, USA). OVA-specific Ab in the serum
was measured 7 days after the second s.c. immunization.

OVA induced cell proliferation assay

Twenty-five mg of OVA in 250 ul PBS was admin-
istrated intragastrally three times in a week after TCDD
treatment (day 0). Two weeks after the last administration,
spleen and lymph nodes (axillar, pulmonary, mesenter-
ic, renal, inguinal) were removed aseptically. Single-cell
suspensions were obtained using fine-mesh screens (Cell
Strainer, Becton Dickinson, Franklin Lakes, NJ, USA). 4
x 105 cells were cultured in the presence of OVA or KLH
(200 pg/ml) for 5 days at 37°C in 5% CO, in atmosphere.
Each well was pulsed with 3H-thymidine (1 pnCi/ml) for
the last 18 hr of the culture. Cells were then harvested
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onto a glass filter and radioactivity was counted with a
liquid scintillation counter.

Chemotaxis assay

Chemotaxis assay using ChemoTx plate (Neuro Probe,
Gaithersburg, MD, USA) was performed according to
manufacturer’s instructions. Briefly, spleen cells were sus-
pended at 10¢ cells/ml in RPMI 1640 medium containing
0.5% BSA and 20 mM HEPES. Sixty pul of cell suspen-
sion was loaded on the membrane plate and placed onto
a flat-bottomed microtiter plate with 96 wells containing
30 pl of serially-diluted B lymphocyte chemokine (BLC)
solution in each well. The plate was then incubated at
37°C for 90 min and migrated cells were collected. Cells
were then stained with FITC-labeled anti-CD5 and PE-
labeled anti-B220 mAbs and counted on EPICS ELITE
cell sorter. Chemotaxis assays for B1 and B2 cells were
performed on the same plate and on the same day in each
experiment because the absolute migrated cells varied in
each chemotaxis assay. For chemotaxis assay for purified
B1 and B2 cells, the mixture of 5 x 10¢ spleen and the
peritoneal cells from young BWF1 mice was stained with
FITC-labeled anti-CD5 and PE-labeled anti-B220 mAbs
and subjected to cell sorting using EPICS ELITE cell
sorter. The purity of B1 and B2 cells was more than 95%
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in all experiments.

DNA chip analysis

Total cellular RNA was prepared from B1 cell obtained
TCDD-treated mice and DNA chip analysis performed
using A24 GeneChips (Affmetrix, Santa Clara, CA,
USA). Gene expression was confirmed by real-time PCR
using ABI PRISM 7500 (Applied Biosystems, Foster
City, CA, USA).

Statistical analysis
Statistical analysis was performed using Student’s t-
test. The 95% confidence limit was taken as significant.

RESULTS

Decreased IgA secretion in the gut by oral
administration of TCDD

To investigate immunological effects of TCDD on
intestinal mucosa, C57BL/6 mice were intragastrally
administered various doses of TCDD and fecal IgA lev-
el determined by ELISA. The level of fecal IgA was dose-
dependently decreased in mice treated with TCDD (Fig. 1,
Modified from EHPM 11:256-263, 2006). It should be
noted that relatively low doses of TCDD (0.1 pg/kg and
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Modified from Env. Health. Prev. Med. 11:256-263, 2006

Fig. 1.

TCDD suppresses IgA secretion in the gut. Dose-ependent IgA suppression by TCDD. C57BL/6 mice (n = 5) were intragas-

trally administered with TCDD (0.1, 1.0, 5, 20 pg/kg) and fecal IgA level was determined by ELISA 1 week after TCDD
treatment. Monoclonal IgA Ab was used as control. The mean concentration + S.D. were presented in each graph. A repre-
sentative result from four independent experiments is presented.
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1.0 pg/kg) significantly inhibit IgA secretion into the gut
lumen. IgA level returned to the normal level by 4 weeks
after administration of 1 ug/kg TCDD (data not shown).
To examine whether or not the inhibitory effect of TCDD
on IgA secretion in the gut is mediated by AhR, a specific
receptor for TCDD, fecal IgA level in AhR-deficient mice
administered TCDD (1 pg/kg) was examined. The inhib-
itory effect of TCDD on IgA secretion in the gut was
totally abrogated in AhR-deficient mice with C57BL/6
background while heterozygous littermates and C57BL/6
mice showed a marked decrease in IgA secretion in the
gut (Fig. 2, Modified from EHPM 11:256-263, 2006).
To examine the effect of TCDD exposure through breast
feeding, mother mice were orally administered TCDD 3
days after delivery and fecal IgA level of pups measured
by ELISA. As shown in Fig. 3 (Modified from EHPM
11:256-263, 2006), fecal IgA level was decreased in pups
exposed to TCDD through breast feeding. It should be
noted that the effect of TCDD on fecal IgA levels was

more prominent in male than female mice.

Effect of TCDD on oral tolerance

Oral tolerance is historically and originally described
as antigen-specific inhibition of antibody production by
oral pre-administration of protein antigen. As shown in
Fig. 4 (Modified from EHPM 11:256-263, 2006), OVA-
specific IgG production was suppressed in mice which
had been orally administered OVA before systemic immu-
nization, demonstrating that oral tolerance was induced in
these control mice. Oral administration of KLH did not
inhibit OVA-specific IgG production (data not shown). In
contrast, the suppression of IgG production was partial-
ly abrogated in TCDD treated-mice, suggesting a break-
down of oral tolerance. In consistence with the impaired
oral tolerance in TCDD treated-mice, T-cells in PPs, axil-
lar, inguinal, cervical LNs, and spleen of TCDD-treated
mice were antigen-specifically sensitized and proliferated
in the presence of OVA in vitro while KLH stimulation
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Fig. 2.

Modified from Env. Health. Prev. Med. 11:256-263, 2006

AhR dependent suppression of IgA secretion in TCDD-treated mice. TCDD (1 pg/kg) or corn oil was given to C57BL/6

(WT), AhR heterozygous (+/-), AhR deficient (-/-) mice and fecal IgA level was determined by ELSA 1 week after TCDD
treatment (n = 5). A representative result from two independent experiments is presented. Statistical analysis was performed

by Student’s #-test. * p < 0.001.
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Fig. 3. Breakdown of oral tolerance and systemic sensitization by oral antigens and intact antigen uptake in TCDD-reated mice.

Mice were treated with TCDD (filled square, m) or corn oil (open triangle, A) at day 0 and orally administered 25 mg of
OVA at day 7 and 14. Then mice were immunized s.c. with 100 ng of OVA in CFA at day 21 and day 28 (n = 4). Mice im-
munized with OVA plus CFA were used as positive control (open diamond, ¢). The serum concentration of OVA specific
IgG antibody at day 35 was determined by ELISA. The results are expressed as the mean + S.D.. A representative data from

three experiments is presented. * p < 0.001.

did not induce cell proliferation (Fig. 5).

Mechanisms for decreased IgA levels in
TCDD-treated mice

There was no histological change in the intestine of
TCDD-treated mice and Alexa-488 labeled OVA was
incorporated into the subepithelial dome of PPs normal-
ly (data not shown). Fluorescent activated cell sorter
(FACS) analysis also showed no significant change in the
frequency of cellular subset of immunocompetent cells in
lymphoid tissues including mesenteric LNs and PPs (data
not shown). In particular, frequency of IgA* B-cells in the
Peyer’s patches and mesenteric LNs remained unchanged
in TCDD-treated mice (Fig. 6A, Modified from EHPM
11:256-263, 2006). Furthermore, serum IgA level was
not decreased in TCDD-treated mice (Fig. 6B, Modified
from EHPM 11:256-263, 2006). Decreased level of IgA
in the gut was not attributed to direct effect of TCDD on
Ig production because in vitro IgM secretion by B-cells

by LPS stimulation was not affected by TCDD treatment
(Fig. 7). DNA chip analysis revealed that 231 genes were
increased and 1,096 genes decreased in B1-cells obtained
from TCDD-treated mice (Fig. 8). Real time PCR analy-
sis confirmed that expression levels of particular chemok-
ine receptors such as CCR2, CCR7, CXCR4 and CXCRS5
were decreased in B1-cells obtained from TCDD-treated
mice (Fig. 9). In consistence with this observation, chem-
otactic activity of B1, but not B2 cells towards BLC/
CXCL13 was impaired in TCDD-treated mice (Fig. 10).
On the other hand, CD11c¢* cells obtained from PPs and
mesenteric LNs of TCDD-treated mice did not show
impaired chemotaxis towards secondary lymphoid-tis-
sue chemokine (SLC)/CCL21 (Fig. 11). Furthermore, the
number and frequency of major commensal bacterial spe-
cies which were believed to play a role in the mainte-
nance of oral tolerance were not changed in TCDD-treat-
ed mice (Fig. 12).
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Fig. 4. Systemic sensitization with orally administered OVA by TCDD pretreatment. Mice were treated with TCDD on day 0 and
then mice were intragastrally given 25 mg of OVA twice at day 7, 10 and 14. At day 28, single cell suspensions were ob-
tained from spleen (Spl), inguinal (Ing), axillar (Axil), mesenteric (Mes), pulmonary (Pulm) lymph nodes, and Peyer’s
patches (PPs) and stimulated in vitro with OVA or KLH (200 pg/ml) at 37°C for 5 days. Cell proliferation was measured
by 3H-thymidine incorporation as described in Material and Methods. Results are presented as the means + S.D. (n = 4). A
representative data from three experiments is presented. *p < 0.05, **p <0.01.
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Fig. 5. Effect of TCDD exposure through mother milk on fecal IgA level of pups. TCDD was administered to mother 3 days after
birth and fecal IgA levels of pups measured by ELISA 4 weeks after delivery (n =5 or 6).
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No change in the frequency of IgA~* cells and serum level of IgA in TCDD-treated mice. A. Cells prepared from PPs or
mesenteric LNs were stained with FITC-anti-IgA, PE-anti-B220, and APC-anti-CD19 Abs. The percentages of IgA*B220*
cells in CD19* cells were presented (n = 3). B. Serum concentration of IgA in TCDD-treated and control mice (n = 3) was
measured by ELISA as described in Materials and Methods.
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Unimpaired IgM production by B1 and B2 cells on stimulation with LPS. B1 and B2 cells from TCDD-treated or control
mice were stimulated in vitro in the presence of LPS (5 mg/ml) and IgM concentration in the culture supernatant was meas-
ured 5 days after stimulation.
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Fig. 9.

Decreased expression of chemokine receptors in B1-cells in TCDD-treated mice. Total cellular RNA was prepared from

sorted B1 cells from TCDD-treated or control mice and expression levels of chemokine receptors were measured by real-

time PCR.

DISCUSSION

We previously reported breakdown of mucosal immu-
nity in the gut by a single oral administration of 2,3,7,8-
TCDD (Kinoshita et al., 2006). That is, relatively low-dose
TCDD administration resulted in a marked decrease in IgA
level in the gut in an AhR-dependent manner and impaired
oral tolerance in the gut. The mechanism for decreased IgA
level in the gut, however, remained to be elucidated. There
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was no histological change in the intestine in TCDD-
treated mice. Cellular subsets of immunocompetent cells
in lymphoid tissues including PPs, spleen, thymus and
peripheral LNs also remained unchanged. The frequency
of I[gA* B-cells was not decreased in the mesenteric LNs
and PPs in TCDD-treated mice in FACS analysis where-
as those in the intestinal lamina propria were decreased
in immunofluorescent study in TCDD-treated mice. In
the present study, we found that expression levels of par-
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Fig. 10. Impaired chemotaxis of B1, but not B2 cells TCDD-treated mice. B1 and B2 cells enriched by MACS® beads were sub-
jected to chemotaxis assay on BLC/cXCL13 as described in Materials and Methods. * p < 0.001.
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Fig. 11. Chemotaxis assay on dendritic cells (DCs). CD11c* cells obtained from mesenteric LNs and PPs of TCDD-treated or con-
trol mice by MACS® beads were subjected to chemotaxis assay on SLC/CCL21 as in Fig. 9.

ticular chemokine receptors were decreased in Bl-cells,
a unique B-cell subset which is distinguished from con-
ventional B-cells (B2 cells) by their origin, cell surface
phenotype and unique tissue distribution, capacity for
self-renewal (Hardy and Hayakawa, 1986). B1-cells have
been considered to be involved in autoantibody produc-

tion in the development of particular autoimmune diseas-
es. It is also reported that approximately half of IgA* cells
in the intestinal lamina propria are derived from B1-cells
and that they play a pivotal role for innate mucosal immu-
nity in the gut although the site for IgA class-switching
and differentiation to IgA-secreting plasma cells remains

Vol. 34 Special Issue II
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Fig. 12. Effect of TCDD on the number and frequency of commensal microflora in the intestine. Fecal samples were collected one
week after TCDD administration and the number and frequency of aerobes (Lactobacillus, Enterococcus, Streptococcus,
Staphylococcus) and anaerobes (Bacteroides and Bifidobacterium) were determined after appropriate culture at Intestinal

flora laboratory of Calpis Co., Ltd..

to be elucidated (Kroese et al., 1989; Beagley et al., 1995;
Murakami and Honjo, 1995; Macpherson ef al., 2000). It
has been recently demonstrated that constitutively active
aryl hydrocarbon receptor causes selective loss of peri-
toneal Bla (CD5*B220vIgM®igh) cells (Anderson et al.,
2003), suggesting that the Bl-cell is a sensitive cellular
target for TCDD. On the other hand, ex vivo IgM secre-
tion by Bl-cells on LPS simulation was not affected by
TCDD treatment as shown in the present study, suggest-
ing that decreased level of IgA in the gut was not attribut-
ed to direct effect of TCDD on Ig production. Instead, we
favor the idea that impaired B1-cell trafficking by TCDD
from the peritoneal cavity to the intestinal mucosa could
be one of the causes for decreased level of IgA in the gut
(Fig. 13).

Another important finding in the present study is
that TCDD exposure by breast feeding also results in
decreased level of intestinal IgA in the pups. Mater-
nal depots of TCDD, stored primarily in adipose tissue,
are efficiently transferred to pups during nursing period.
Maternal TCDD levels rapidly decreased during lactation
period while tissue levels in the nursing pups increased.
Tissue levels in the offspring even exceed those of their
mothers during the 3-week period after birth. Thus, lac-
tation serves as a significant route of exposure for the
developing neonate (Nau ef al., 1986). It is previous-
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ly reported that lactational exposure to TCDD induced
hydronephrosis both in mice and rats (Couture-Haws et
al., 1991; Nishimura et al., 2006). Since development of
mucosal immune system does not cease at birth as well as
renal development, it is not surprising that TCDD expo-
sure by breast milk decreases IgA levels in the gut at rela-
tively low dose. Furthermore, immature mucosal immune
system of newborn infants may be much more sensitive
to TCDD exposure. Therefore, our findings would have
a significant impact on the risk assessment of TCDD for
neonates and infants given that babies with breast-feed-
ing take 15-20 times more TCDD than the dose of tol-
erable daily intake (TDI). Decreased level of IgA in the
gut would result in increased frequency of infection and
altered distribution of commensal bacterial microflora
which plays a role for oral tolerance.

Breakdown of oral tolerance by TCDD is another
interesting finding in the present study. Oral tolerance is
historically and originally described as antigen-specif-
ic inhibition of systemic IgG antibody production by oral
pre-administration of protein antigen (Strobel and Mowat,
1998; Faria and Weiner, 1999). Many studies have been
performed using a similar experimental protocol to
that used in the present study to demonstrate the pres-
ence or absence of oral tolerance. However, the precise
mechanism for oral tolerance still remains controversial
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Fig. 13. Hypothetical model for TCDD-induced breakdown of mucosal immunity. TCDD treatment possibly impaires B1-cell traf-
ficking from the peritoneal cavity to the lamina propria in gut. This results in decreased level of IgA in the gut lumen with-

out directly affecting Ig secretion.

(Mowat, 2003). It was previously reported that reg-
ulatory T-cells producing TGF-B and/or IL-10 were
induced in PPs upon oral administration of protein
antigens (Santos ef al., 1994; Tsuji et al., 2001). Howev-
er, the classical idea for the pivotal role of PPs in oral tol-
erance has been challenged by several studies demonstrat-
ing that oral tolerance could be induced independently of
PPs (Spahn et al., 2001). It was also demonstrated that
the spleen plays an important role for oral tolerance (Suh
et al., 1993). These results favor the idea that mesenter-
ic LNs and/or spleen are critical lymphoid organs as the
induction site for oral tolerance although they do not
exclude a physiological role of PPs. Accumulating evi-
dence also suggests that DCs in the gut play a pivotal
role for oral tolerance (Viney et al., 1998, Huang et al.,
2000; Chirdo et al., 2000, Sun et al., 2007). However, the
frequency of CD1lc* cells remained unchanged in PPs,
mesenteric LNs and spleen before and after TCDD treat-
ment. Functional analysis on DCs with different locali-
zation is under investigation to elucidate the mechanism
involved in disrupted oral tolerance by TCDD. It has been
recently demonstrated that TCDD generates CD25*CD4 T

cells with regulatory function in a GVH model (Funatake
et al., 2005). However, FACS analysis showed only a
marginal change in the frequency of CD25CD4 T cells
in the PPs, mesenteric LN, and spleen (6.3 £ 0.28, 12.3 +
0.28, 8.95 + 0.21 in TCDD-treated mice and 4.25 + 0.35,
11.4 £ 0.21, 7.6 £ 0.28 in control mice, respectively).
Effect of TCDD on Treg trafficking remains to be exam-
ined. Although commensal bacterial microflora plays
a role in the development of oral tolerance (Sudo et al.,
1997), there was no change in the number and frequency
of major bacterial species.

As a result of breakdown of oral tolerance, T-cells in
PPs, axillar inguinal and cervical LNs were sensitized by
orally administered OVA. It is known that patients with
atopic dermatitis show high frequency of food allergy
and that dietary allergens such as egg albumin often turn
out to be the allergen in the skin in these patients, indi-
cating the existence of immunological cross talk between
the intestinal mucosa and the skin. It is considered that
microbial infection, excessive antibiotic administration,
early onset of a weaning diet and so on are the causes for
systemic allergic sensitization to oral antigens in infants.
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Our findings suggest that TCDD can be a possible candi-
date for such disruptors for mucosal immunity leading to
allergic sensitization.

Collectively, we have demonstrated that relatively low
dose of TCDD results in breakdown of intestinal mucos-
al immunity and systemic sensitization by oral antigen in
mice. Disrupted chemotaxis of B1 cells may be one of the
mechanisms for defective IgA in the gut in TCDD-treat-
ed mice. Thus, immunological effects of environmen-
tal chemicals such as dioxins should be assessed on the
basis of mucosal immunity in the gut. This may also pro-
vide a new insight for understanding environmental fac-
tors responsible for increased allergic diseases in recent
decades.
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