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. [NTRODUCTION

As interest in the biologic cflects of environmental pollutants grows it becomes
increasingly evident that a2 aumber of these chemicals can cause alterations in the
immune function of an exposed subject. Of the chemicals of environmental concern
that have been shown to induce immune alierations 2,3,7.8-tetrachlorodibenzo-
p-dioxin (TCDD) has been investigated most exiensively.

TCDD is a chlorinated hydrocarbon found 10 be a contaminant in biocides
(trichlorophenol), herbicides (2.4,5-T), and products from chemical sensitizing
processes in which polychlorinated phencls are used.' This compound has previously
been shown to induce atrophy of thymus and peripheral lymph nodes of rats. mice, and
guinea pigs.*™ tn addition, TCDD has been shown 10 suppress thymic-dependent
immune function“® and resistance to bacterial infection.” The suppression of cell-
mediated immune f(unctions includes suppression of mitogen responsiveness,'™
suppression of skin graft rejection’ and suppression of delaved hyvpersensitivity
responses.”” Suppression of 1hese T-cell-dependent immune funciions appears t weur
without helper cell function being affected.

EfFecT OF DEVELOPMENTAL TCDD EXPOSURE ON [MMUNE
FUNCTION IN FISCHER/WISTAR RATS

Previous studics utilizing rats to investigale the effects of developmental TCDD
exposure on immune functions have utilized Fischer rats.**® Recently it was reported
that the Fischer rat is a poor immunologic responder.’ In order o investigate the
cfects of developmental TCDD exposure on 2 strain of rat with a good immunologic
response, experiments performed previously in Fischer rats® were repeated in
Fischer /Wistar rats.’?

To accomplish this, (emale Fischer ruts bred 10 male Wistar rats were randomiy
distributed into three dosage groups. (1) The control group was dosed with corn il
(0.1 ml/100 g body weight} on gestational day 18, At parturition. the nconates were
cross-fostered among these females; all litters were standardized at eight pups per
litter. Nursing rats were also dosed with corn oit (0.1 ml/100 g body weight) on
postnatal days 0, 7 and 14. (2) Females in the postnatal group were allowed 1o litter.
and nconates were cross-fostered among these females: litters were siandardized at
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EIGURE 1. Effect of developmental TCDD cxposure on body weight and selected organ

weights. 3. {emal
0.7and 14:A.m

i Vi 1 dosing (S pg/kg) on day
nimals exposcd to TCDD postnatally via malerna S e .
ca?c la:'limalspcor\pcps::d to TCDD postnatally via maternal dosing as above: .

female animals exposed 1o TCDD pre- and postnatally via maternal dosing (5".ug/kg) ::;
gestational day 18 and on days 0.7 and 14: 2nd A. male animals exposed 10 T(?D‘D‘ \: m?il;:
dolsing as above. Relative thymus and spleen weights represent organ-10-body-weight ratios.
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cight pups per litter. Nursing rats were dosed with § ug/kg TCDD (Dow Chemical
Ce., Midland, Michigan, lot 851-144-11, more than 99% pure) on posinatal days 0. 7,
and 14, (3) Females in the prenatal-postnatal group were dosed with 5 ug/kg TCDD
on gestational day 18. At parturition the neonates were cross-fosiered Lo untreated
females and the litters were standardized at eight pups per litter. The nursing lemales
received doses of TCDD (5 ug/keg) on postnatal davs 0, 7. and 14, All rat pups were
weaned at 25 days of age. These unimals were utilized 10 investigate the elfects of
TCDD exposure on various paramelers of immune function.

Fiii.rE 1 iMustrates the elfect of TCDD exposure un budy weight, relative thymus
weight, and relative spleen weight. Developmental TCDD exposure resulted in
depressed body and relative thymus weights in males 2nd females of both treaiment
proups at 18 and 35 days of age. By |28 days of age body weights and relative thymus
weights were still slightly suppressed in the prenatally treated males whereas values
were normal or above normal for the other treated animals. This is similar to results
previously obtained in Fischer rats.® At 35 days of age the relative spleen weights in
both groups of TCDD-exposed animals were greater than those of nonexpused
animals. This ratio reflects the change in body weight, as actual spleen weights did not
vary significantly between the groups.

in vitro milogen stimulation of [ymphocyie cultures was performed using spleen
and thymus cells from TCDD-exposed and nonexposed animals as previously
described.® Results of mitogen stimulation were evaluated by calculating stimulation
indices (counts per minute incorporated into stimulated cultures divided by counts per
minute incorporated into nonslimulated cultures) and relating the indices of stimula.
tion of culiures from TCDD-expased animals (o the indices of stimulation ol cultures
from nonexposed animals. FIGLRE 2 illustrates the effect of developmental TCDD
€Xposure On milogen responsiveness of splenic and thymic Iy mphacyres. Prematad and
postnatal und postnataionly exposure 10 TCDD suppressed the response of splenic and
thymic lymphocytes to stimulation by the mitogens phytohemagglutiain (PHA) and
Concanavalin A (Con A). The response of splenic {ymphocytes had returned to normal
by 270 days of age. Thymic cultures were not performed at 270 days of age because of
extreme thymic involution at this time. There was a trend towards recovery of mitogen
responsiveness in thymic lymphocyies over the time course studied.

Delayed hypersensitivity reactions (DHR) were utilized as an in vivo assessment
of cell-mediated immune function. The DHRs were performed according to the
radiometric assay method of Lefford.' The effect of developmential TCDD expasure
on delayed hypersensitivity responsiveness is illustrated in FIGGRE 3. TCDD exposure
resulted in a suppression of delaved hypersensitivity responses at 35 and 133 days of
age. By 270 days of age the response of exposed animals had returned to normal.

The final assay of immune function investigated in the Fischer/Wistar animals
was antibody production. Animuls were immunized with primary and secondury
injections of bovine gamma globuiin (BGG) in complete Freund's adjuvant at various
ages. Serum was oblained from the immunized animals at approvimately weekly
intervals for 5 weeks and antibodies 10 BGG assayed for by passive hemagglutinatzon
reactions. FIGLRE 3 illustrates the antibody responses oblained in these animals.
Developmental TCDD exposure had no apparent ¢ffiect on antibody responses. These
results indicate that at léast one T-cell function, that of helper cell function, is spired
from TCDD suppression. as BGG is a T-dependent antigen.

ALTERATIONS IN LYMPHOCYTE HOMING PATTERNS AS A
RESULT OF DEVELOPMENTAL TCDD ExPOSURE

tnbred Nischer rais were expased o TCDD s desenibed Toe the prenatal-pastiniial
.2 o o - :
cxponure group desenbed above, At <3 days of age these ammals were vnlized 1o
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FiGLre 3. Effect of developmental TCDD exposure on delaved hyperseasitivity responsive-
ness. BB, animals exposed 10 TCDD postnatally through maternal dosing (5 zg/kg) on days 0. 7
and 14; and A, animals exposed to TCDD pre- and postnatally by maternal dosing (5 ng/kg} on
gestational day 18 and on days 0, 7. and 14. AT 35 and 133 days of age both TCDD dosage
groups responded at a level significantly lower than noncyposed ammals (p << 6.011. A 270 dons
of 2ge there was no signifoant difference between respenses of exposed and nonexposed
animals.

investigate the effects of TCDD exposure on lymphocyte homing patterns. Lympho-
cyles from spleen, thymus, bone marrow and lymph node were isolated f[rom TCDD
exposed and nonexposed animals, labeled with *'Cr." and injecied in TCDD-exposed
and nonexposcd recepients, TCDD exposure altered the homing of exposed spleen cells
to the thymus in nonexposed animals. In addition, TCDD exposure altered the pattern
of homing of nonexposed Lhymus cells in exposcd animals and the pattern of homing of
exposed thymus cells in nonexposed animals.

CONCLUSIONS

The highly toxic chlorinated bhydrocarbon. TCDD =2ppears to be equally as
immunosuppressive in a strain of rat that is a good immunologic responder
{Fischer/Wistar) as it is in the Fischer rat.*** which is a poor immunolgic responder.”
The immunosuppression induced by developmental exposure to TCDD in the
Fischer/Wistar rai is long lasting, as has previously been shown to be true in the
Fischer rat.® The exposed animals do recover from the induced immunosuppression by
270 days of age. however.

Al present the mechanism of induction of immunosuppression by TCDD is
unknown. The results of these experiments indicate that whatever the mechznism the
effects are reversible,

In 2n effort 10 understand more fully the types of defeets in vnmune function
induced by exposure 1o TCDD, studies on the ¢ffects of TCDD expesere on honune
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FIGLRE 5. Effect of developmental TCDD exposure on iymphocyte homing patterns. The
open bars represent cells from nonexposed animals injecied inte nonexposed animals, the shaded
bars represent cells from nonexposed animals injected into TCDD-exposed animals. and the
crosshatched bars represent cells from TCDD-cxposed animals injected into noncxposed animals.
Significant differences occurred in splenic uptake of thymus cells. Nonexposed celis homed to
nonexposed splcen in greater numbers than to exposed spleen (p = 0.06) and in greater numbers
than exposed cells homed 10 nonexposed spleen {(p < 0.01). In addition, nonexposed cells homed
10 exposed spleen in greater numbers than exposed cells homed 1o nonexposed spleen (p =
0.054). TCDD-exposcd bone marrow cells homed o nonexposed spleen in greater numbers than
noncxposed bone marrow cells migrated 10 nonexposed spleen (p < 0.01). TCDD-exposed spieen
cells homed to nonexposed thymus in greater numbers than nonexposed spleen cells homed to
noncxposed or exposed thymus (p < 0.01). TCDD-cxposed thymus cells homed 10 nonexposed
thymus in greater numbers than noncvposed thamos cells homed 10 nonexposed thymus (p <
0.01j. Noneapused bose marion cells home to nonexposed liver in greater numbers than exposed
bone marsow ceils homed 10 nonexposed liver (p << 0.01). All other comparisons wert
nonstgnificant.

be accomplished by at least two mechanisms: (1) a TCDD-induced change in cellular
melabolism resulting in an altered cell membrane; or (2) alteration of the cell
membranc by insertion of TCDD into the membranc. In any case, TCDD exposure
appcars o alter homing markers in the spleen and thymus, as well as on the
lymphocyte, as evidenced by alieration of homing palterns of normal thymic and
splenic lymphocytes when injected into TCDD-exposed recipients
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SUMMARY

The cflects of TCDD exposure on paramcters of immune function during the
developmiental period were investigated. Exposures were performed in Fischer/ Wisiar
sats. Fetal and nconatal rais were cxposed 10 TCDD through maternal dosing
($up/Ke) on day 18 of gestation and on days 0,7, and 14 of postnatal lile {group 1).
another group of neonalal rats were exposed 10 TCDD through maternal dosing on

“dats 0. 7; and 14 of postnatal life only {group 2). Body weights and relative thymus

wcights were found to be suppressed up to 135 days of age in group 1 but oniy up 10 35
davs of age in group 2. Parameters of cell-mediated and humoral immune function
were investigated. TCDD suppressed cell-mediated immune function without affect-
g bummoral immune function. TCDD-exposed animals had recovered normal
ccll-mediated immune function by 270 days of age.

A group of inbred Fischer rats was exposed to TCDD as described for group |
above. At 45 davs of age these animals were utilized in lymphocyie homing studies. It
was found that TCDD exposure alters homing patterns of lymphocytes from exposed
znimals when adoptively transferred 10 untreated animals. In addition, lymphocytes
from nonexposed animals did not home normally when injected into TCDD-expased

recipients.
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