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Abstract
The ligand-activated transcription factor, aryl hydrocarbon receptor (AHR), is a novel inducer of
adaptive Tregs. 2,3,7,8-Tetrachlorodibenzo-p-dioxin (TCDD), the most potent AHR ligand, induces
adaptive CD4+CD25+ Tregs during an acute graft-versus-host (GvH) response and prevents the
generation of allospecific cytotoxic T lymphocytes. TCDD also suppresses the induction of
experimental autoimmune encephalitis in association with an expanded population of Foxp3+ Tregs.
In this study, we show that chronic treatment of NOD mice with TCDD potently suppresses the
development of autoimmune Type 1 diabetes in parallel with greatly reduced pancreatic islet insulitis
and an expanded population of CD4+CD25+Foxp3+ cells in the pancreatic lymph nodes. When
treatment with TCDD was terminated after 15 weeks (23 weeks of age), mice developed diabetes
over the next 8 weeks in association with lower numbers of Tregs and decreased activation of AHR.
Analysis of the expression levels of several genes associated with inflammation, T-cell activation
and/or Treg function in pancreatic lymph node cells failed to reveal any differences associated with
TCDD treatment. Taken together, the data suggest that AHR activation by TCDD-like ligands may
represent a novel avenue for treatment of immune-mediated diseases.
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Aryl hydrocarbon receptor (AHR), along with its nuclear-binding partner aryl hydrocarbon
receptor nuclear translocator (ARNT), is a ligand-activated transcription factor that has
recently been associated with the induction of regulatory T cells (Tregs) [1–4]. AHR-dependent
Tregs were first described in an acute graft-versus-host (GvH) model following activation of
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AHR by the most potent known ligand, 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) [1]. In
this model, treatment of the F1 host with TCDD led to altered donor T-cell differentiation,
resulting in the expression of high levels of CD25 along with glucocorticoid-induced TNF
receptor (GITR), CD28 and cytotoxic T-lymphocyte antigen (CTLA)4 on the donor CD4+ T
cells. The cells also showed potent suppressive function in vitro. This altered CD4+ T-cell
differentiation occurred only if the donor CD4+ T cells expressed AHR [1,2]. Induction of
Tregs was not dependent on the presence of pre-existing CD4+CD25+ T cells in the donor
population, and the cells did not express Foxp3 [3], suggesting that AHR may represent a novel
transcription factor for adaptive Treg differentiation.

The induction of the CD4+ Treg phenotype on day 2 of the GvH response preceded the
inhibition of expansion of the donor CD8+ T-cell population and the suppression of GvH
disease (GvHD) on days 10–12 in TCDD-treated mice [2,5], supporting the idea that AHR-
induced Tregs are central to suppression of the GvH response by TCDD. To further address
the disease relevance of AHR-induced Tregs, we investigated the effects of TCDD on the
development of Type 1 diabetes in the NOD mouse model. NOD mice develop diabetes
spontaneously due to a breakdown in self-tolerance to several antigens expressed on pancreatic
islet cells and the infiltration of the pancreas by self-reactive T cells [6,7]. Among other
changes, overt diabetes develops in parallel with an age-related decline in the number and
function of CD4+CD25+Foxp3+ Treg cells [8,9]. In this report, we show that chronic treatment
of NOD female mice with TCDD, at a concentration that produces no overt toxicity, completely
suppressed the development of diabetes. Suppression of diabetes was dependent on the
continued presence of TCDD and correlated with an expanded population of
CD4+CD25+FoxP3+ T cells in the pancreatic lymph nodes. These findings are consistent with
a recent report of suppression of another autoimmune disease, experimental autoimmune
encephalitis, associated with TCDD-induced Tregs [4], and together support the hypothesis
that AHR signaling is a novel pathway for the induction of Tregs.

Materials & Methods
Animals

Female NOD/LtJ mice, 6–7 weeks of age, were purchased from the Jackson Laboratory (Bar
Harbor, ME, USA) and maintained under specific pathogen-free conditions at Oregon State
University (OR, USA) laboratory animal facilities. The mice were housed as four per cage on
a ventilated rack under sterile caging conditions and supplied with autoclaved deionized water
and irradiated rodent chow.

TCDD treatment
2,3,7,8-Tetrachlorodibenzo-p-dioxin (TCDD), obtained as a standard of 99% purity from
Cambridge Isotope Laboratories, Inc., (Woburn, MA, USA) was dissolved in anisole and
diluted in peanut oil. A similar solution of anisole in peanut oil was prepared as a vehicle (VEH)
control for TCDD treatment. All mice were dosed by gavage (100 μl/10 g bodyweight [bw]).
An initial loading dose of 50 μg TCDD/kg bw was given at 8 weeks of age. Thereafter, the
animals were dosed biweekly with a maintenance dose of 15 μg TCDD/kg bw. Based on an
estimated 3-week half-life for TCDD in mice [10], this dosing regimen resulted in a steady-
state body burden of 30–40 μg TCDD/kg bw during the 23-week experimental time period (to
31 weeks of age).

Blood glucose assay
Blood glucose levels were measured weekly using an ACCU-CHEK Advantage monitor
(Roche Diagnostics). Animals were terminated by an overdose of CO2 when nonfasting blood
glucose exceeded 250 mg/dl for 2 consecutive days.
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Genotyping of AHR alleles in NOD mice
Genomic DNA was extracted from the liver of NOD mice and stored at −20°C. Oligonucleotide
primer pairs specific for murine AHR exon 10 were designed using vector NTI 8 and purchased
from Sigma-Aldrich: 5′-CGCTGCCCTT CATGTTT GCTACCG-3′ (forward) and 5′-
GCCCTGGCT GGCACTGAT ACATGGA-3′ (reverse). PCR amplification was carried out
on a PTC-200 Peltier thermacycler (MJ Research). Production of the expected amplicon size
was confirmed by gel electrophoresis, and PCR products were purified using QIAquick PCR
Purification Kit (Qiagen). Primers and purified PCR products were submitted to the Center for
Gene Research and Biotechnology Core Laboratories at Oregon State University for DNA
sequencing.

Real-time PCR
RNA was isolated from liver and pancreatic tissue using RNEasy Mini Kit (Qiagen). cDNAs
were prepared using SuperArray Reaction Ready™ First Strand cDNA Synthesis Kit. PCR
reactions were performed using RT2 Real-Time™ SYBR Green/ROX Master Mix with gene-
specific primers for Ccl5, Mip, Tak1, EphA8, Grzb, cyclophilin, Il4, Il6, Il17, Tgfb1, Tgfb3,
Tnfa, Ifng, Cd69, Cd28, Cd25 and Actinb (SuperArray Bioscience Corp, MD, USA). Reactions
were performed on an Applied Biosystems 7500 sequence-detection instrument. Results were
analyzed using ABI 7500 System Software. The assay and data analysis were carried out as
per the manufacturer’s instructions. Gene expression was normalized to Actinb expression.

Histological assessment of islet insulitis
Pancreata were frozen in optimal cutting temperature compound. A minimum of five 5 μm
pancreatic sections, each 200 μm apart, were cut for each tissue block. Sections were fixed in
formalin, and stained with hematoxylin and eosin (H & E). Each islet was scored as: no insulitis,
peri-insulitis or intrainsulitis (<50% or >50%).

Lymph node cell preparation & flow cytometry
Cell suspensions of pancreatic lymph nodes (2–3 pooled per mouse) were prepared using
Hanks’ Balanced Salt Solution (HBSS; Sigma) supplemented with 2.5% phosphate-buffered
saline (FBS; Hyclone) and 15 mM (4-[2-hydroxyethyl]-1-piperazineethanesulfonic acid
(HEPES). Cells were incubated with rat IgG (Jackson Immunoresearch) to block nonspecific
labeling, followed by incubation with appropriate combinations of fluorochrome-labeled
antibodies to surface CD4 and CD25 (BD Biosciences). For Foxp3 staining, surface-stained
cells were fixed, permeabilized and labeled with anti-Foxp3 antibody according to the
manufacturer’s protocol (eBioscience). Viability of fixed cells was determined by prestaining
with ethidium monoazide bromide (Invitrogen). For unfixed cells, viability was determined by
exclusion of 7-amino-actinomycin D (eBioscience). Negative gating controls were included
for all staining sets using the fluorescence minus one (FMO) protocol. Data were collected
using FC500 flow cytometer (Beckman Coulter). Data analyses, including software
compensation, were performed using WinList software (Verity Software House).

Results
NOD mice express the AHRd allele

Certain strains of mice are more sensitive to the effects of TCDD due polymorphisms in the
AHR gene that affect ligand-binding affinity. The AHRb allele, found in the prototypic
‘responder’ strain of C57Bl/6 mice, shows highest affinity for binding TCDD, whereas the
AHRd allele, found in the prototypic ‘low responder’ DBA/2 strain, has tenfold lower binding
affinity [11]. Thus, DBA/2 mice and other AHRd strains generally require at least a tenfold
higher dose of TCDD to induce the same effects seen at lower doses in C57Bl/6 mice. The
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immunosuppressive potency of TCDD in mice varies in accordance with their AHR genotype
[12]. In order to determine the level of responsiveness of NOD/ltr mice to TCDD, we sequenced
polymorphic segments of exon 10 in the transactivation domain (TAD) of the AHR, which
have been used to genotype various strains of mice [13]. As shown in Figure 1, the genomic
sequences from NOD mice were identical to the sequences found in DBA/2 mice, indicating
that NOD mice express the low affinity AHRd genotype. Based on this information, we used
a dosing regimen calculated to achieve a constant body burden of 30–40 μg TCDD/kg bw over
the 23-week experimental period. This dose rate was effective at maintaining elevated hepatic
expression of Cyp1a1 message (Figure 2), which is directly regulated by AHR and is often
used as a biomarker of exposure to AHR ligands [14]. Mice that were treated with TCDD for
15 weeks and then switched to VEH for the remaining 8 weeks of the experiment showed little
induction of Cyp1a1 expression, suggesting the AHR was no longer activated. Based on a 3
week half-life of TCDD, the body burden of TCDD remaining in these mice was estimated at
less than 4 μg TCDD/kg bw. At necropsy, no overt pathology was evident in any of the TCDD-
treated mice. Histology revealed no TCDD-related pathology in the liver (data not shown).

TCDD reversibly prevents the onset of diabetes
The influence of TCDD on the development of diabetes in NOD female mice is shown in Figure
3. The first cases of diabetes in VEH-treated mice occurred at 17 weeks of age. By 26 weeks
of age, 73% (eight out of 11) of the VEH-treated mice developed diabetes, the final incidence
in this group. In contrast, none of the mice that were treated with TCDD (zero out of 12)
developed diabetes within 23 weeks of age. To determine if protection from diabetes required
continuous treatment, half of the TCDD-treated group (six out of 12) was switched to VEH
treatment at 23 weeks of age. After 5 weeks, the first case of diabetes occurred, with two more
cases in the following week, for a final incidence of 50% (three out of six) at 31 weeks of age.
None of the mice (zero out of six) that continued to be treated with TCDD developed diabetes.
These data suggest that a sufficient body burden of TCDD must be maintained in order to
prevent the development of diabetes in NOD mice.

TCDD inhibits insulitis
Pancreata from TCDD-treated mice that survived without overt disease until 31 weeks of age
were examined along with pancreata from mice that had been switched to VEH treatment at
23 weeks. Blood sugar levels at 31 weeks were 107 ± 6 in the TCDD-treated group (n = 6)
compared with 128 ± 10 in the mice switched to VEH (n = 3) and 167 ± 22 in VEH-treated
mice (n = 3).

In TCDD-treated mice (n = 4), 64% of islets showed no insulitis, 17% showed peri-insulitis
and 19% showed more than 50% intra-insulitis. In TCDD-treated mice switched to VEH (n =
4), only 28% of islets showed no insulitis, 8% showed peri-insulitis, while 69% showed more
than 50% intra-insulitis. Insufficient numbers of islets in sections from some animals precluded
inclusion of their data.

In a separate study, two groups of 12 NOD mice were treated biweekly with TCDD or VEH
beginning at 8 weeks of age and ending at 15 weeks of age. During this time, two out of 12
VEH-treated mice were euthanized due to hyperglycemia and one VEH-treated mouse
presented with a blood sugar level of 600 μg/dl on the day of termination. Blood sugar was
within normal range in all other mice. Insulitis was examined in four representative nondiabetic
mice per group, with dramatic differences observed between the groups. As shown in Figure
4, 73% of the islets from TCDD-treated mice showed no insulitis compared with 31% in VEH-
treated mice. By contrast, only 6% of islets in TCDD-treated mice showed greater than 50%
intra-insulitis compared with 38% in VEH-treated mice. Few islets in either group showed
peri-insulitis (data not shown). These results suggest that TCDD suppresses the ongoing
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disease process by inhibiting the generation of self-reactive T effector cells and/or their
migration into the pancreas.

TCDD increases the frequency of CD4+CD25+Foxp3+ cells in pancreatic lymph nodes
Prevention of progressive insulitis and β-cell destruction in NOD mice has been shown to
depend on the maintenance or expansion of a population of CD4+CD25+ Foxp3+ Tregs that
suppresses the activation and/or effector functions of pathogenic T cells [8,9,16,17]. To
determine if suppression of diabetes development by TCDD was associated with an altered
frequency of Tregs, pancreatic lymph nodes were obtained from mice surviving to 31 weeks
of age, and the expression of CD25 and Foxp3 on CD4+ T cells was examined by flow
cytometry. As shown in Figure 5, continuous treatment with TCDD significantly increased the
percentage of cells that coexpressed CD25 and Foxp3 within the CD4+ T-cell population, but
did not alter the overall number or frequency of CD4+ or CD8+ T cells in the pancreatic lymph
nodes (data not shown). Mice that had been treated with VEH for the final 8 weeks of the study
did not show increased frequency of CD4+ CD25+Foxp3+ T cells at 31 weeks of age.

CD25 expression was also examined on CD4+ cells in the pancreatic lymph nodes of 15-week
old NOD mice. Treatment with TCDD resulted in a small but statistically significant increase
in the frequency of CD4+ T cells that expressed CD25 (13.7 ± 0.9 % in TCDD [n = 12] vs 12.3
± 0.7 % in VEH [n = 11]; p < 0.0004), suggesting that an increase in the Treg population may
be emerging in the TCDD-treated mice at 15 weeks of age. Foxp3 expression was not measured
by flow cytometry at 15 weeks but was examined by analysis of mRNA levels in pancreatic
lymph node cells. However the message level of Foxp3 was not significantly different between
VEH- and TCDD-treated cells at 15 weeks of age.

Changes in gene expression in pancreatic lymph node cells
With the goal of identifying changes in gene expression induced by TCDD that might implicate
mechanisms underlying the suppression of diabetes development, we compared the expression
levels of a variety of genes in the pancreatic lymph node cells of VEH- and TCDD-treated
NOD mice at 15 weeks of age. Several genes associated with inflammation, T-cell activation
and/or Treg function were examined (Ccl5, Mip, Tak1, EphA8, Grzb, cyclophilin, Il4, Il6, Il17,
Tgfb1, Tgfb3, Tnfa, Ifng, Cd69, Cd28, Cd25 and Actinb), but none showed altered expression
due to TCDD treatment.

Discussion
TCDD, acting through the AHR, is notable for its profound immunosuppressive potency. A
single dose of TCDD, in the low μg/kg range, is effective in suppressing a variety of adaptive
immune responses [18]. Previous studies have shown that T lymphocytes are key AHR-
expressing targets for the immunosuppressive effects of TCDD. Using an allogeneic GvH
model, we found that intrinsic activation of AHR in alloresponding donor CD4+ T cells by
TCDD suppresses GvHD [5] and induces the generation of IL-10-producing CD4+ CD25+

Foxp3− Tregs [1,3]. These data suggest that activation of AHR in responding CD4+ T cells
represents a unique pathway for the development of Tregs and a unique target for
immunosuppressive therapies.

In the present studies, we used the NOD model of spontaneous autoimmune diabetes to
determine the effect of chronic treatment with TCDD on disease development and the
frequency of CD4+ T cells that expressed CD25 and/or Foxp3. The NOD model was considered
ideal because the animals do not require intentional immunization to induce disease, and
aberrant immunoregulation involving Tregs has been implicated in diabetes in both mice and
humans [8,9,16,17]. Based on the finding that NOD mice express the low-affinity AHRd allele,
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we used a biweekly TCDD dosing regimen that was designed to maintain a relatively constant
body burden of 35 μg TCDD/kg bw over the 24 week experimental period. This dosing regimen
was shown to maintain activation of the AHR as demonstrated by an elevated Cyp1a1 message
level in the liver of 31-week-old NOD mice. However, this dose of TCDD was not toxic as the
bodyweight of TCDD-treated NOD mice continued to increase over the course of the study,
and necropsy examination revealed no significant pathology. In addition, the cellularity of the
pancreatic lymph nodes was not altered by TCDD treatment, indicating that this dosing regimen
did not cause lymphocyte depletion. The lack of cytotoxicity is in keeping with the absence of
direct cytotoxic effects of TCDD toward many cell types [19].

The most compelling result of TCDD treatment of NOD mice was the complete prevention of
diabetes development in 100% of the animals through 31 weeks of age. Interestingly, however,
the suppression of diabetes depended on continued dosing with TCDD. When TCDD treatment
was stopped after 15 weeks (at 23 weeks of age), 50% of the mice developed diabetes. The
onset of diabetes occurred when the body burden of TCDD had declined to levels that no longer
activated the AHR, based on lack of Cyp1a1 gene expression in the liver. These results suggest
that activation of AHR by TCDD does not induce long-term tolerance but that TCDD must be
present in the cells to maintain AHR signaling activity.

Previous studies have suggested that the onset of diabetes in NOD mice is due to a general
deficiency of Tregs [20,21]. Evidence also suggests that NOD Tregs are functionally impaired,
requiring higher cell numbers to suppress disease compared with other autoimmune models
[22,23]. The significantly increased frequency of CD4+CD25+Foxp3+ T cells in the pancreatic
lymph nodes of TCDD-treated mice supports the hypothesis that activation of the AHR in
CD4+ T cells increased the frequency of Treg cells that suppressed the development of disease.
It is not yet known if AHR activation in NOD mice induces a novel type of Treg or if it expands
the existing pool of natural Foxp3+ Tregs. In the GvH model, Tregs induced by AHR activation
expressed high levels of CD25 and CTLA4 but did not express Foxp3 [3]. However, since all
of the CD4+CD25+ cells in NOD mice also expressed Foxp3, underlying differences between
the two models are not apparent. Interestingly, Quintana et al. recently reported that AHR
regulates Foxp3 expression via direct binding to AHR-response elements in the promoter
region of the Foxp3 gene [4]. However, these results are confounded by the need for very high
concentrations of TCDD to induce Foxp3 expression in vitro (100 nM compared with a
dissociation constant [Kd] of 0.27 nM for TCDD binding to AHRb) [24]. Even at 100 nM
TCDD, the percentage of Foxp3+ cells was only 13% compared with 60% when 2.5 ng/ml
TGF-β1 was used. At a minimum, these results suggest that the conditions under which AHR
activation induces Foxp3 expression may differ depending on the model system, and that Foxp3
expression is not essential for the regulatory functions of AHR-induced Tregs.

We did not identify any candidate genes that were differentially regulated by AHR activation
in the pancreatic lymph nodes of 15-week-old NOD mice prior to the onset of overt diabetes.
This lack of change in gene expression might reflect a reduced sensitivity to detect subtle
changes due to the use of RNA from the whole lymph node tissues rather than purified
CD4+ T cells. It is also possible that the lack of change reflects an alternative site of action for
TCDD. In this regard, it is interesting to note that higher levels of AHR message were reported
in pancreatic Tregs compared with pancreatic T-effector cells, which coexist in the pancreatic
islets prior to disease onset [25]. One possibility is that TCDD activates AHR in islet Tregs to
enhance their suppressive effects on T-effector cells, leading to inhibition of ongoing insulitis.
This possibility would be consistent with the greatly reduced severity of insulitis present in the
pancreas of TCDD-treated mice. Remarkably, the islet CD4+ CD25+CD69− Tregs described
by Herman et al. [25] overexpressed several of the same genes that we found elevated in AHR-
induced Tregs in the GvH model, including Blimp-1, Ccr5, Ctla4, Gzmb, Il10 and Il2ra [3].
Furthermore, Tang et al. recently reported that diabetes in the NOD mouse was associated with
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a progressive decline in the ratio of CD25+ Tregs to T-effector cells in inflamed islets but not
in pancreatic lymph nodes, and that treatment of mice with low doses of IL-2 promoted Treg
survival and protected the mice from developing diabetes [26]. Since the IL-2 gene is known
to be regulated by AHR activation in T cells [27; Funatake & Kerkvliet, Unpublished Data],
the possibility that TCDD works through increasing local production of IL-2 in the pancreas
merits attention.

Understanding the mechanisms involved in AHR-mediated effects on Treg development and
function is an important goal that may reveal new strategies for the treatment of Type 1 diabetes
as well as other immune-mediated diseases. The capability to intentionally induce Tregs by
administering an exogenous AHR ligand that mimics TCDD’s effects is a particularly
worthwhile goal. However, screening AHR ligands for TCDD-like effects will be an essential
undertaking given recent reports that show another high-affinity AHR ligand, 6-formylindolo
[3,2-b]carbazole (FICZ), a tryptophan-derived photoproduct of UV irradiation, does not
promote the differentiation of Tregs but instead induces Th17 cells and promotes development
of experimental autoimmune encephalitis [4,28]. It is not clear how different agonistic AHR
ligands might alter the behavior of the AHR, apart from the known capability of some AHR
ligands (unlike TCDD) to induce their own metabolism to active metabolite(s) with different
activities [29]. Rapid metabolism of FICZ by AHR-inducible enzymes has been reported
[30]. Alternatively, it is possible that different ligands alter the AHR’s conformation, allowing
it to bind to DNA differently or to recruit different coactivators or corepressors and thus alter
gene expression differently than TCDD. Given the potent suppression of autoimmune diabetes
by TCDD, the influence of alternative ligands on AHR activation and gene induction is an
important area of research deserving of further study.

Conclusion
The findings suggest that AHR-mediated effects on Treg development and function may reveal
new strategies for therapeutic treatment of Type 1 diabetes and highlight the importance of
discovering alternative ligands for AHR activation.

Executive summary

• Chronic treatment of nonobese diabetic mice with 2,3,7,8-tetrachlorodibenzo-p-
dioxin (TCDD) potently suppresses the development of autoimmune Type 1
diabetes.

• TCDD treatment greatly reduced pancreatic islet insulitis and expanded the
population of CD4+CD25+Foxp3+ cells in pancreatic lymph nodes.

• Following termination of treatment, mice developed diabetes over the next 8 weeks
in association with lower numbers of T regulatory cells and decreased activation
of aryl hydrocarbon receptors.
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Figure 1. Sequence analysis of exon 10 of AHR gene in NOD mice shows a low-affinity AHRd
haplotype identical to that found in DBA/2 mice
AHR: Aryl hydrocarbon receptor; NOD: Nonobese diabetic. Data adapted from [13].
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Figure 2. Treatment of NOD mice with TCDD results in sustained activation of AHR as evidenced
by a high level of hepatic Cyp1a1 message at 31 weeks of age
Aryl hydrocarbon receptor (AHR) activation declines when TCDD treatment is terminated and
is no longer apparent after 8 weeks of VEH treatment. NOD mice were dosed orally biweekly
with VEH or TCDD until 31 weeks of age. At 23 weeks of age, half of the TCDD-treated mice
were switched to VEH for the remaining 8 weeks. Liver samples were obtained from mice that
survived to 31 weeks and processed for RNA. Cyp1a1 expression data represent fold-change
relative to β-actin message from three, 12 and three mice in VEH, TCDD and TCDD/VEH
groups, respectively.
NOD: Nonobese diabetic; TCDD: 2,3,7,8-tetrachlorodibenzo-p-dioxin; VEH: Vehicle.
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Figure 3. TCDD-treated mice are protected from diabetes by continuous treatment with TCDD
Groups of mice were treated with VEH (n = 11) or TCDD (n = 12) biweekly, beginning at 8
weeks of age. With no diabetes in any of the TCDD-treated mice at 23 weeks of age, half of
the mice in the TCDD-treatment group were switched to VEH for the remainder of the study
(TCDD/VEH). Blood glucose levels were measured weekly. Animals were terminated by an
overdose of CO2 when nonfasting blood glucose level exceeded 250 mg/dl for 2 consecutive
days. TCDD: 2,3,7,8-tetrachlorodibenzo-p-dioxin; VEH: Vehicle.
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Figure 4. NOD mice treated biweekly with TCDD from 8 to 15 weeks of age show greatly reduced
insulitis
Groups of 12 mice were treated with VEH or TCDD. At 15 weeks of age, pancreata were frozen
in optimal cutting temperature compound. A minimum of five 5 μm pancreatic sections, each
200 μm apart, were cut for each tissue block. Sections were fixed in formalin and stained with
hematoxylin and eosin for visualization and scoring of individual islets. Data reflect scores
from four representative nondiabetic mice per treatment.
NOD: Nonobese diabetic; TCDD: 2,3,7,8-tetrachlorodibenzo-p-dioxin; VEH: Vehicle.
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Figure 5. Frequency of CD4 +CD25+Foxp3+ T cells in the pancreatic lymph nodes is increased in
NOD mice treated biweekly with TCDD until 31 weeks of age
Mice removed from TCDD treatment 8 weeks earlier no longer show elevated frequency of
CD4+CD25+ Foxp3+ T cells. Data represent mean ± SEM of three, 12 and three mice in VEH,
TCDD and TCDD/VEH groups, respectively. Cells were stained for flow cytometric analysis
as described in Materials and Methods. NOD: Nonobese diabetic; TCDD: 2,3,7,8-
tetrachlorodibenzo-p-dioxin; VEH: Vehicle.
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