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1. Introdnction. 

The ubiquitous xenobiotic, 23,7,8-tetrachlorodibenzo-p-dioxin (TCDD) is one of the most jrotent 
immunosiippressive agents known, eliciting thymic atrophy at pg/kg doses in experimental 
animals, and suppressing primary immune responses at even lower doses' . TCDD has also been 
observed to have both estrogenic and anti-estrogenic properties in different systems^. We and 
others have demonstrated that both the kinetics of thymic atrophy inducdon and reductions in 
lymphocyte stem cetttargets^ssociatedTviTtrthis"atrophy are remarkably similar^.-'althoiigh'diese 
effects are mediated through disdnctly different receptors-''. We had previously suggested that 
since (1) thymic atrophy is associated with autoimmune diseases in neonatal mouse models, and 
(2)estrogens are associated with autoimmune disease, it is possible that TCDD, and related 
compounds could also be associated with autoimmunity^. 

There has been suggestive data that autoimune processes and/or hyperimmunity in humans might 
be affected by exposure to TCDD and related AhR binding compounds. In a case control sludy of 
exposed workers, anfinuclear antibodies and circulating immune complexes were detected at a 
significandy elevated level''. Among US Air Force personnel determined to be exposed to 
TCDD-eontaining herbicides, an association has been established for diabetes and exposure*. 
Much pathogenesis of various forms of diabetes can be demonstt'ated to have autoimmune 
components. Hyperimmune responses (increased responses to mitogens, tuberculin, and/or tetanus 
toxoid) have been reported in individuals who consumed rice oil contaminated with compounds 
that aett vate the AhR9 and in offspring ofTCDD exposed Rhesus monkeysio. 

Female, but not male, Fl progeny of NZB and SWR (SNFl) mice develop a fatal immune 
complex glomerulonephritis, similar to that seen in the human autoimmune disease systemic lupus 
erythematosus (SLE), prior to one year of age, with pathogenesis apparent by 6 months. 
Immunoglobulin deposited in the nephritic kidneys bears an idiolype, IdLN Fl, and production of 
Id'-N Fl IgG in serum correlates with disease onset' •. Evidence has accumulated supporting the 
role of CD4-i-IdLN Fl reactive T-cells in causing the disease in the female mice' 2. 

We have recently demonstrated that we can accelerate or potentiate disease in male SNFl mice by 
administering estradiol valerate in an oil depot once every four weeks. Disease acceleration or 
potentiatton occurs at doses as low as 1 mg/kg. Appearance of idiolype specific deposits in the 
kidneys of male mice can be seen as eariy as two weeks after the third dose of estradiol (when the 
male mice are only 4-4.5 months old). After 5 such doses( when the mice are only 6-7 months 
old) some ofthe control animals have developed such deposits, but the frequency of these is only 
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30-50% of that seen in the treated animals. While deposition is not identical with disease, 
proteinurea has also been observed in many of the mice manifesting these deposits. 

Preliminary studies have been inittated with male SNF-1 mice udlizing exposure to TCDD, in 
doses ranging from 5 to 80 pg/kg, once every four weeks starting at 7-8 weeks of age. We have 

also administered a single dose of 80 pg/kg to a 14 day old pregnant SWR female, and examined 
the consequences of exposure on 18 week old perinatally exposed SNF-1 offspring. In our 
model, our data thus far suggests that TCDD potentiates or accelerates autoimmune disease. 

2. Material and Methods. 

SNF-1 mice were obtained by breeding male NZB mice with female SWR/J mice, both from 
Jackson Laboratories (Bar Harbor, ME). Seven to eight week old male mice were injected 
intraperitoneally with either 8030, or 5 pg/kg in olive oil. Control, randomized litter mates were 
injected simultaneously with olive oil alone. As both SWR and NZB mice have the Ah* phenotype 
(less sensitive to TCDD), their progeny, the SNFl mice are also resistant. Thus, while a single 

dose of 30 pg/kg in olive oil can cause 80-90% thymic atrophy in Ahbb (sensitive) strains, the 
same dose in SNF-1 males causes statisrically non-significant atrophy, and it is necessary to 
administer80 jtg/kg to achieve70-80% atrophy. 

Mice were euthanized by CO2 and 0.5 cc. of blood was obtained by cardiac puncture, for 
subsequent serum analysis. Thymus and spleens and, when observed, enlarged nodes were 
removed and single cell suspensions made by mechanical disaggregation. For spleen, red blcwd 
cells were lysed with buffered ammonium chloride. Cells were counted for number and viability. 
A T-lymphocyte-enriched population was obtained from the spleen cell suspension using a Biotex 
(Edmonton Alberta) mouse T-cell column as per manufacturer's instruettons. Liver lymphocytes 
were prepared by perfusing livers with PBS. Livers were excised, crushed through sterile 
stainless steel screens, and triturated cell suspensions were passed through 20 micron Nitex nylon 
mesh. RBCs were lysed as described, and lymphocytes were separated on a 40/70% Percoll step 
gradient. 

Intestinal epithelial lymphocytes (lELs) were isolated by removing the small intestine, flushing it 
with cold buffered saline, and inverting the tissue so that the villi are exterior. Lymphocytes were 
removed by agitation for 30 min. at 370 jn a digestion buffer containing ImM DTT and ImM 
EDTA. lELs were further enriched on a 40/70% percoll step gradient. Immunophenotyping 
demonstrated that more than 90% of the cells in the lymphocyte size/scatter gate were lymphcxjytes. 
Cells from these tissues were stained for three color flow cytometry analysis using FITC, PE, and 
biotin conjugated antibodies. Antit>odies were either produced in our laboratories, or purchased 
from Pharmingen (San Diego, CA). Biotin was subsequently combined with streptavidin red 670 
(Gibco/BRL, Gaithersburg, MD). Flow cytometric acquisifion and analysis was carried out on a 
Becton Dickinson Facstar Plus as previously described4using the LySysII program. 

The capsule was removed from both kidneys and one kidney from each animal was fixed in 
Zamboni's fixattve, processed and embedded in a paraffin block. Seedons were cut and stained 
with hematoxylin and eosin (H&E staining) using standard histologic methods. Analysis of an 
unselected group of treated and control kidneys was carried out in a blinded protocol, so that the 
reader did not know from which group the slides were derived. In each kidney 100 consecutive 
glomeruli were evaluated by light microscopy as a 40x objective was moved across the renal 
cortex. Each glomerulus was scored for the presence of significant hypercellularity, or evidence of 
fibrinoid necrosis or crescents. 

The other kidney was immediately frozen in OCT embedding medium, and 3 contiguous 5-7 
micron sections were stained with either direcdy FITC conjugated rabbit anti-mouse IgG, or a 
FITC conjugated polyclonal rabbit anti Idi-NFl antiserum, or a FITC conjugated antilxxly against 
an Idi-NFl positive mon(x;lonal antibody. 
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3. Results. 

A. Kidney analysis: 

Histological analysis (as described above) of a series of control and treated kidneys from 6 

month old male mice treated 5 times with either30 pg/kg ofTCDD, or with an equal 
volume/weight of olive oil revealed a proliferative glomerulonephritis involving significant 
numbers of glomeruli in most of the kidneys of treated, and some of the kidneys of control 
animals. Marked proliferation was seen in 1 out of 9 mice treated with five monthly doses of 30 

pg/kg of TCDD. Less extensive proliferation was seen in one other treated and 2 oul of Sage 
matched oil treated controls. Four of the TCDD treated mice also showed fibrinoid necrosis or 
crescent formation reflecting a severe inflammatory glomerulonephritis. These latter lesions were 
not seen in any controls examined. 

In some TCDD treated animals a persistent proteinurea was observed, and two animals in the 
above group became seriously edematous so that their weight was substantially increased. These 
abnormalities also, were not seen in the above controls. 

In most cases where immunofluorescence analysis was possible, deposition of idiolype specific 
(Idi-NFl) immunoglobulin in the kidneys correlated positively with the histopathology, although 
there was an occasional (2 anirnals) disagreement in degree. Immunofluorescent analysis has thus 
far not been done in a completely blinded protocol. While deposition does not equal disease, the 
correlation between these two independent assays provides further support for the importance of 
the idiolype in nephritic pathogenesis in this model much as it has been confirmed in the female 
model. 

B. Other histopathology. 
Examination of H and E stained cross sections of the small intestine at the proximal end of the 

organ-did not reveaia characteristic lesion in an initial blinded protocol. In some cases, TCDD 
treated animals appeared to have elevated numbers of mononuclear cells in cross sections of the 
villi, but this finding did not correlate with kidney pathology. Other abnormalities such as 
clumping or loss of villi did not correlate with treatment. 

In some TCDD treated adult mice (both at 30 and 80 (ig/kg), and in 3 out of 4 male perinatally 

exposed (80 pg/kg per dam) mice, large axillary or inguinal nodes were seen. Histopathology of 
the nodes suggested a "reactive" rather than a malignant phenotype. Immunophenotyping of the 
nodes revealed more than 60% of the cells were B-cells, and the remainder were T cells of both the 
CD4 and CD8 phenotype. Normal nodes in mice of this age and strain contain less dian 40% B 
cells and 60% or more "T-cells. WTiether the B-cells in the enlarged nodes represent a monoclonal, 
qligoclonal, or polyclonal population has not yet been determined. 

C. Immnnological alterations. 

We have not found a significant and consistent alteration in thymocyte phenotypes (CD3, CD4 
and CDS) in treated vs. control mice as has been previously reported by us in single dose studies -'̂ . 
No statistically significant thymic atrophy was observed at the lower doses of TCDD. However, 
in both the spleen and liver of treated animals, we have observed an expansion of CD4 positive T-
cells that lack expression of CD45RB, and express CD44. This phenotype has been demonstrated 
lobe the phenotype of memory T-cells'-^.'''in other mouse strains. Recent analysis of T-cell 
clones derived from the spleens of diseased female mice suggests this CD4+, CD44+, CIMS RB-
phenotype may be the pathogenic T-cell phenotype. All clones thus far examined which can cause 
disease acceleration when injected into young female mice have this phenotype. It is also striking 
thatthis altered phenotype is observed in the liver compartment. Some research, including our 
own, has suggested that potentially autoreactive T-cells increase in the liver of animals treated with 
thymic atrophy inducing agents*^.' 5. A similar expansion of the memory phenotype was observed 
in male perinatally exposed mice, at 18 weeks of age (IS weeks after exposure ceased). 
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In the intestinal epithelial lymphocyte compartment, we did not detect a definitive immunological 
alteration. However, in some ofthe mice that were manifesting acute pathology, we detected less 
than 1% CD4 positive cells, while age matched, oil treated controls had levels of 5-15%. 

4. DiscDssion 

Autoimmune disease is a complex phenomenon, with a substantial genetic component. It has long 
been recognized lhat estrogen and estrogen like compounds can promote such disease, but this 
probably requires other genetic predisf)osing factors"'. Thus far no one has reported whether 
dioxin can promote autoimmune disease in an animal model, and the human evidence is anecdotal 
and insufficient. Although TCDD has been noted to induce hydronephrosis and other kidney 
damage during fetal and perinatal exposure'"7.'*< and some forms of kidney damage have been 
observed in adult micei9.20 at high doses, the lesions observed here are not similar to those 
reported in mice or rats. The lesions are, however, identical to those found in female SNFl mice 
which develop the lupus like nephritis. 

By exploring whether TCDD can accelerate or amplify autoimmune disease in a genetic 
background that is well characterized both histologically, and immunologically, we are finding a 
strong suggestion that TCDD could, in the appropriate genetic context, promote autoimmunity. 
The fact that this is observed in a strain lhat is more resistant to TCDD effects should give us some 

pause. The equivalent levels in a sensitive mouse strain would range from 0.5 to 5 pg/kg, once a 
month for 3-4 months. It is possible that these effects could be seen at even lower or fewer doses, 
and .such studies are currentiy underway. The fact that some of these abnormalities are also seen in 
perinatally exposed mice 4 months after exposure is also of considerable interest. 
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