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AL, . E A testing batury \n’.u bc ducrlbod £ot uluﬁ.ns alterations in imsunological
— function dud host resistance !onm.n; exposurs of BeC,Fy mice to TCDD, DES and 3P.
" Eur J . . TCOD is°a major .contsminant of ‘tha -defolisar 2,4,5 T (agent orange); DES is a
o 20 o . potent synchetic estrogen csed du:qnu:iuuy to:pravent meacpausal symptoms and
g post—cofcal upllnndon, iand as<a;waight prowotanc in catcla; and BP is the
R . _ - principal carcinoged'in.cigarette smoks and.coall.car. ice exposed pcnnu:any to
i-'lbstmc't{‘ . . TCDD. (5, | ugfieg) cxhibi:ad mrhd—nhymn at:rephy and depressed mitogeaic responses. -
—_—— i ' Rasistandé to Listeriqa monoSytogeries,; -amdu epdotoxin and cransplantable
) ’ . < syngensic tumor-cells vers: wmia .i.-pa.ird ‘The wice fppnred to have a specific

T—cell ‘defect asacciatad vwith) & vacapror. for -TCDD preseant at high levals in thymic .
tissué. Mice axposad to.DESat: 8,0, 2.0 and 0.2 mg/kg of body waight for 5 days -

w3, Bhigd, -~z exhibiced severe thymus. ;:rcphy.wid by. dcp:uaion of the following param—

&

ittint etats: antibody PFC responsa to-SRBC and LPS: ° delsyed . cutaneous hypersemsitivity;
. lyzphoproliferative rasponsa to T-:&nd B-cell mitogens and.alloantigens; bone
1in. e o merrow cellularity; - and stem’ and—;rmlocytmcropha:n progenitor cell prolifer-
e ation. Macropheges wece activated ralative to phagecytic, prol.z.fcnnvc and ctumor-
icidal vesponaas vith evidence of ‘supprassor cell activity. Host resistance
parameters vers likewisa impaired.- Thus, DES exposura resiulted ia RES scizulacion,

s - -

3 .M - sevarely depressed Imounclogical-and host resistance function, due ia part to

3 - zacrophage suppressor cells end possibly a T-cell defect... sFinally, BP vas dosed
- °: at 400, 200 and 50°mg/kg of -body:wiight over 10 days. BP exposed mice demonstrated
g T dcpnnod ancibody PFC respoasas]” lysphoproli{ferative responses ro mitogens; and
i T depresased numbers of bona BALTOW - mrophap—grmloqn praogenitors. Hacrophage
—- - function and host tesistanca to- Listeria and tumor cells vére unaffacted. These
= data demonstrate the sensitivity of the Lmmina respoase for d:r.ec:mg seleccive or
= ‘Ron-specific chenical toxicity sad support the hypothesis thar certain carcinogens
::: - Eay.operate via in-molog{.cd machanisus.

4

INTRODUCTION

ke

During the past decads, the immune system has been exsminad in experimental animals
for {ts functional incegrity fallowing exposurs to a variety of chemicals of envir-
ondantal concern. Cartain chemfcals have been found to produce alterations ia
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sure. Aic ;8. few chemigale. may be;selactivaly toxic o a pcrctculltm

. 'F'opu[ncm' o of lyuphai.d calls of t!u ﬂticulocndor.helial systen (RES), such u:th

. thymocyte, in ctha case of chc,\q;mcfc bydrputbon-l 3,7 B-t:etuchlotodxbenzo-p-:;—- ..
dioxin.(fDD) (Luster and. co-norluu,‘- A980b),. it is our. hypothesis that exaainscion
of izmune functiod.in most. cases.adds. an éxtra lavel of gensitivicy for detmin; 2
‘cellular toxicity.. This uu:unul uuir.ivity of. the imaune response for dctcctfng
.cellulxe, toxicity results from the ctapid proliicucion .and dynamic natuce of thd =
cellulu' components of the imoune system.. This concept is tuppurted by huun-chenrx
.ical toxicity studies in the £om of clinical. chemo therapy in which cells of RES %

are the most Erequenc :x:ge: organ for chemical iajury. The functional. Lntegnl:y

‘of CMI or the qumnucxon of boue marrow. elements folloving chemocherlpy is .

ftequcntly determined. Lo defuu the’ lovel oﬁ ;toxicity aond to cegulate dosage. . -

There are seversl consxderacibus uhcn desxgnxns a couprehenskve impunoroxicity .. -
zssessmwent {protocol) wich cha.uc.l.h of.. environmental contern, as follows: - (l) The
planned route of expospre :houldtuxazc as closely as pousnble the actusl eaviroa- :-
mental ecxposure (i.e. oral, parenteral, inhalation, etc.); (2) The dosage cu.ployed
should. somewhat exceed -the. real - leg _exposure levels with consideration of body:~
weight ‘to surface rario; (a). The dosage selected should.be below rhose vhich .
produce overt toxic effects-(i.e.: ‘negztive vezght gain or gross alterations in -
liver enzyme levels); and (4).:The age -of the animal selected for exposure should

be considerad carefully since sowe ‘chenicals (e.g. TCOD) have already been denon-
strated to hava more potent l'.-zmolop.cal. alteratious wvhen adainistered dunng

pre—~ and/or po-cna:al life vhile the immune 'ys:em is undetgoxng maturation.

The prototype chemicals selected fcr' 'fo-.lnoctoixcxty aueument by our laborn:ory _-1 :
Tepreaent ‘three broad classes of chemicals;:that acre not .only carcinogenic bur” of -
Jimmense emn.rormnul concern. - '{hnu..mcl.ude hllogena:ed; aromatic hydrocarbons
lpecx.hc.nlly 2,3, 7 8- tc:nchlotod:.benzo—p-dxonn (mnn). { aynthetic hormones,
specifically dLe:hylsnlbe:trol (DES) and the opore established urcmogen, ben:o- B
(a)pycene (BP). . -

Ml
TCDD i{s the pan::y chlortnxced dxbcnzo-p-dloxxn contaminant produced during the
syncheltl of 2,4 S-crxchlorophenoxyace:sta {2,4,5=T), the latter being one of {he
major toxic constituents of the defolfagt’ ageat orange-. (Courtney and co-vorkeu,
1979). TCDD has been found to alter the immunocompetence of rats, mice, guinea™ -
pigs and monkeys as well as alter resistance to bacterizl, patasite and syngeneic”
tumor cell challenge in mice (see review by Vos, 1977; Faith, Luster and Vos, 1979).
The sctudy with TCDD described here represents highlights from a detailed pre/posc--
natal exposure study in B(CyF, mice (Lu;:er and co—workers, 1980). Studies on the
presence of a specific receptor, Ior ICDD in thymic tissue vere alsd conducted. e

Diecthylacilbestrol is a non-:-roxdul escrogen initially syathesized by Dobbs‘and ™
associates (1938) durlng a :eltch Eo: lynthctxc estrogens. Since its discovery ic
has been used therapeutically as. anqgntrogen replacement to control menopausal -
symptoms, suppresl lactntxon, prevant threatened sbortions, snd prevent pottcolcal
implancacion ("worning afrer pill"), as well as to treat breast and prostatic
cancer patients (see review by Noller anod Fish, [1974).- DES has also been exten—
tively used as & growth promotant in cattle, sheep and pouliry (see reviev by
McHartin and co-vorkers, [978). It was implicated as a potential carcinogen ot
cocarcinogen in humans when Herbst, Ulfelderand and Poskanzer (1971) observed that
7 of 8 girls with a very rare clear-cell adenocarcinoma of the vagina vere che
result of high-risk pregnancies in which the mothers received DES to preveat
abortion. These observations have been extended and confirmed in over JO2 casea -
of vaginal as wvell as cervical adenocarcinoma (Herbst and vo—workers, {977).
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are fonud by incomplete” coabusdbq_of fossil ‘fuals and tobacco s well’ds
by-produé'ts of coal conversion” proc * They ave scred upon by aryl:
hydroxylue to ne::bolicnrﬂth poteat carcinog:u potem:ul. The ngnl{

thar many clrciuogem deprassed the’ cntibody responu to sheep ery:hmcyte ;
.tudtes by Ptehn (I963)‘-Eurt‘het demstrlted l:hll: carcinogens tedm.e homgr

tumors. Fur:het evidence' fo+ aromatic hydrocarbon-induced 1munosuppres

from studies by Stjernsward (1965, 1966) and Ball (1970). Receatly, Urso-and
Gengozum (1980) observed ‘that’ -in iutaro exposure to benzo(g)pyreae (EP)- resul Q‘;—’
-in severe- deprels:.on of-‘the' i.ncxboay p'hque fomlng cell e Bponse Lg .SRBC ln
:ncreased frequency of‘cu'nors in 1&\:1: hfe. e . T

In studxes reporr.'ed here, :ufult *B.C.'F,, Hice were" exposed to BP in ccrn

cutaneous injectioas. Calloved 'by o evnluanon oE icmunological and hol _"

parameters.- .
et

| HATERIALS ‘AND usmons ¢

TCobD, DES a.nd BP Expomre

e ts dra

Pre/postnatal ‘l'CDD ¢xposur- vu accompiuhed as prev:.ously descrxbed in
Luster and Co—vorkers “(1980) . TCDD vas’ :yul:hen.:ed by the LEC at NIEHS
than 99X purity.  Virgin &ule C57BIIG nice wers mated with male CJH nce..nnd
pregnancy was determined by “the’ pruence of a vaginal plug. Mothers were: mit
iscered TCDD dissolved in corm oil by gavage at day* T4 of gestation and-sgsia 'op..

days 1, 7 aod 14 following birth at dosages of 1.0, 5.0 and 15.0 ug/kg of ‘body-. s
ucxghc. - Hice used for concrols teceived corn oil. Immnological assessment vu
initiaced 7 days ufter veam.ng lnd ho:t reustmce parameters were eununed 6 8

veeks after wveaning. -

Diethylscilbestrol (DES) was obtained from S:.g:u Chem.cal‘Compnny (S:. Louisg, HO)

Six to cight week old female B,C,F, mice wvere i{njected subcutaneously (sc) with »
0.2, 2 and B mg/kg body weight ‘of DES diasolved in 0.1 uzl of corn oil for ﬂve,
consecutive days. Control uicareceived corn oil alone. Imunologicd -.nd;hou:

resf.-unce studies were perfomd 3-5 days following the last dose. et

knzo(:)?yrene (BP) was likzviu piirchased from Signa Chemical Ccmpnny. Siz to
we ght week 0ld female B,C,F; mice ‘were administered BP dissclved in corn ofl by
subcutaneous injection to a total dose of 50, 200 and 400 wg/kg body weight over:
l4-day period. Three to five’ dlyl after the laat treatoent dosage lmmologicll..
and -host resi{stance parameters were evalusted.

Comprehensive Evaluation of Immunological and Host Res{stance Parameters

The assay panel employed in the {mmunological, pathotoxicological and host resis-
tance evaluation of immunocoxicity has previously been described (Dean and co-
wotrkets, 1979b). The methods utilized have likewise been described in dectail ( -
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TCDD Receptfor .As iy

- . decrease in thymus weights which ringed. from 50 to 751 depending on dose.

[ "

%.g supernatant from tissue having a protein.:--
/fal in 20 wM Tris HCl buffer containing 0.2 H.. .
saced: vith 2% {08 dpm of 1-N~(5-125I~iodoveler~.
- u’(’“t-diodn). plus a 300~fold excess of :
,,Aashaker bath. The unbound 1231-djoxin vas ru:

In's cypicul ulay. 3'nl of a 100
concentratiog of’ approxiuuly 0.

XCl and 1 wM EDTA (pR 7.4), . was'in
mide)-3,7,8~trichloredibenzorp
unlabeled TCDD for 2 hourl'

for 10 minutes, and cmcing 0.6° llotlmpcmunr. in a gsmma countec.
vas perforned in duplicate. - specific binding is the difference between !1¥I-dioxin:

bound in the absence of any unllbclcd ;@D l.nd 1251-dioxin bound in the presence -
of excess unll.beled 'ICDD. oy

Stn:istical Anil):sil

--
.

The Mann-Yhitney U cest oi_chxfsquum t}:uc m enployed tc assess the significance
of tresmment etfeccu. Dose-responn ﬂ:eods were determined by Joanckheere's test:
Dxfferences becwecn utogcn tn ul werc datcrmned by Studeat's t-test.

'ruble 1 -mri:u dm ‘effect 'v che;:.-c.al exposure on body and selected organ
wveights. A significsnt decredse- Ln;'body weight gain vas observed in the 5 ugfkg

. .TCDD dosage group. Thymus weight eld chymus~to-body veight ratios were also
.7 _-significaatly -reduced in this dou.g,-grvup. . Bistopathological evaluation of the’
: ,:hynu rmnl’.d severs thymus- a.!frophy ndch deplcnon of lymphocyces from cortical-

. “regions in the 5 uglkg dmm-

J
" -Table | also swumsarizes body“ ;_J..cmd organ vugbtc from DES exposed mice. HNo
" evidence of.,ovn:t :oncxty V&S oburvndat uny of .che DES doses.

DES induced a .

slight increase in body weight a as nightbc expected, while producing a dramatic
On

histopachological evaluation, lu'ke§ alterations of thymus sirze characterized by

marked depletion of cortical Iy-phocyt:u as a function of DES dose was observed.

Spleen and liver weights wers.i crmed. BP produced a dose response trend

(p <0.01) towards body and chy-u night loss vhich was not statistically signif-

“icant acr any of the conccntrntim cuud (Table 1). Other organ weights were
.mlteud.. Kutopncholop.u!,_,cvduclon ot ol:her lymphoid organs vevealed no

LN

marked pn:hology. J oL

‘..M,..
l ;p‘\.

~~:-a;
f.

The evnluuon of bone marrow ccuula}ity. spleea colonies (CFU-S) in x-irradiaced
tecipients, and the nuober of bona marrow cells forming macrophage-granulocyte
colonies (CFU~GX) is sumsarized.in Table 2, Bone marrow cellularity and cthe number
of cells forming CFU-S colonies/5 x10% calls was significancly dcpreued in the ’
high TCDD dosage group. CFU—GM colonies were significantly reduced in the high
The effect of DES exposure on bone marrow cellularity and CFU-s is

The cbaserved hypocellularity of the bone marrow was
The number of bone marrow CFU-CM
The numbers

dosage group.
also summarized in Table 2.
significant (p<0.01) and likewise dose-related.
as measgured by In vitro cultures exhibited a dose—dependent reduction.
of hematopoietic pleuripotent stem cells (CFU-S's) wveare likewvise demonstrated to
have a significant (p <0.01) dose—dependent reduction.
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TABLE | Effect of TCDD, DES and BP on Body and Selected Organ Welghts g :
Chemical Dose Body welght Thymus weight "’It_ly'man;ody waight Spfeeﬁ ‘weight  Liver u;‘ight;_ -,:lllght 'k'_i_aqey: - =‘ ’
(® (mg) fatio (x10%) (mg) (mg) ;' weight-(mg)
TCOD 0 13.68 61 4.5 ' 84 840 KO
TCDD I ug/kg 12,6 58 A6 - 82 846 )ik L
TCDD 5 nglkg 10.9¢ _36b 3.3 . 70D [AULIS I ND;.
DES 0 20.8 49 2.3 ’ 120 jo63" "~ " 133.
DES 0.2 21.6 ,22¢ 1.0¢ 140 1294® ST T
DES 2.0 22.8 14¢ 0.6¢ 160b 1666¢ 135:
DES 8.0 22.1 12¢ 0.5¢ 205¢ 2070¢ 139°
Dose response 'NS <0.0 0,0} <0.01 . <0.017 . . N,
S A% ' Lt “ '.'l.!;‘
.13 0, 21.2 63,3 3.0 97 1050° 14K
BP 50 0.9 59.4 . 2.9 97 1040 ., 137
BP 200 20,2 57,0 7Y, % 2.8 Lo e-92 1050 ;
BP ¢ 400 - 19:8, ( LA s ABA e LT 2.4 _';‘?o L 1150
Dose response 20.05 V. {00,050 T NS - ARG || S iMoo
8, LR I B . . . i N o

a — Hean value of 7-8 nicelgroup;' b — i‘lﬁnlticlnti’); differant from cc;nti'ol at p< 0.‘05‘;

from control at p<0.0l; N5 — Not significantly differant; NO — Hot done.
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TABLE 2 Effect of TCDD, DES and BP on Bona Marrow Ceiluhrity. Progenitor Cell Colonies,

and T—Cell Dependent (SRBC) and Independent (LPS) Antibody Plaque Forming Cells .
: LS prC/ - 4
. * Hucleated cells/ CFU-8/ CFu-GH/ SRBC PFC/ . .

Chenical Dose fezur x 10~¢ 5x107 cells 10 calla  10%. spleen cells m_mn't"il::r“ (“1‘:: )
TCDD 0 17.7 10.3 < 29,4 ; HD : ,‘:E
TCDD I ug/kg 18,4 (4X4)8 ND . 5. 3A8 (1834) W MDY o e %
TCOD 5 14,8 (16x4)b 7.0° (32:+)b .26.0 . (IZH) 2 ND__., TR TR : _“‘ ¥y
DES 0 19.1 6.8 -~ ls4.s . 1003 6L e
DES 0.2 ng/kg 15.7 (lsz+) 6.6  (3%+) 40.9 (251»)" 1039 (421) 6.00 (lou)g
DES 2.0 . 13.7  (2824)P 6.0, (1224) - © 34.6 . (3624)C - 742 (2674)0. 5.67 (1529 %
DES 8.0 12,9 (3224)¢ 5.0 (452 * 33,5 (38z4)¢ ¢ 775 (232H)b 3.67 (451&}5;
Dose response <0.0! <0.0| Coht o «0,01 EREEE R Ol - ) <0.01 ' fc:
BP 0 19.8 0.6 ' 108 ) 1510 729 o
BP 50  mg/kg 22.8 (I51¢) ‘8.5 (20Z9)¢ 92 (1524) 1133 (2524) 389 (4714) ¢
BP 200 . 21,1 (6X4) 8.5 (20%4)¢ 89 Q814 984 (3514)b 256 (6524)C.
BP 400 ’ 24,3 {23x4)) 5.7 .(4624)C | 64 (41x4)C 378 (75%4)¢ 99 (asznc
Dose response ., <0.05. <0.01 <0.01 - T <001 <0.01

a — Mean value of 6-8 mice /group.-with X change in parenthesia; b — Significantly different from control at
¢ — Significantly different from contrel at p<0.01; d - Hemagglutinin/titer (log 2).

p<0.05;

‘s

.
IR Y

»




o m —— ——— b

: in
The -vnlua:ian of bona’ mx:rw“muu].ar cx.;ad ; Pro
t rqvealsd. increisad calliilesityd &4
wbvals‘of pleuripotent stem:idsll,
- dosage-levels, while tha nunbct of CFU~GM colonies was reduced at the 200 aad 400

wg/kg level. : ; ) . R

The JgH ancx.bod;i plaquae romin‘g‘ cell (PFC) response to sheep red blood c.u. (sm’:)

vas. sigonificantly .reduced (p <0. 05) at the 2 and 8 mg/kg dosage of DES (Table 2) 5

End PEGe .per toral splean were:likewisa reduced over 40X. The serum autibody" :i:e:
- to the T~cell 1ndependen£ aatigen E. coli lipopolyssccharide (LPS) was sxuxlarly.

. reduced up to 453 in the hxgh expaosure, gzoap.

The most striking effect oblerved in :he ‘evaluacion of BP wvas che depressed. prc
response to both T—dependent .and T-Lndependent stimuli. The cresponse to SRBC vas
depresged from 25.to #5%.and ‘the regponse to LPS was depretled from 47 to 862 ;

depending: ou the cren:menc gtoup exsnined.

Assessment of:-the 1 hqpxoliftrttxv. (LP) response of spleen cells ‘from TCDD

exposed weanlin n?ﬁmm

‘1!1535?3;_E3—EEE-TiEe11 mitogens PHA and Con A, which wete dosc—dependent, byt a0t -
~Cell mitogen o . “‘__7

T TTTIETENY 3_

Table 3 also summarizes the effecrs of DES admipistraction on tn vitro :plenxc Le
responses. LP responsea to khe T-lymphocyte mitogeas PHA and Con A were severely
depressed {n treated mice. Suppression of these responses ranged from approximately
30X in the 0.2 mgfkg dosage group to 70X in the highest dosage group. A dose
response’ effect was not seen in the respouse to the B-cell wmitogen LPS. . The LPS
tesponse was sugaented in the 0.2 and 2.0 mg/kg dosage groups wvith & 29X decrease
in the 8 mg/kg dosage group, which was not statistically significant vhen compared
to controls. . Suppression of the mixed leukocyte culture (HLC) respouses accurred
in n;cc from the 2.0 and 8.0 mg/kg DES dosase {data not sboun) -

LP relponael to che I-cell mitogeas PEA cnd Con A uere dtptealed in BP treated mice
up to 60 and 54% respeccxvely (Table 3), The B-cell tesponse to LPS was enhanced
at the, lowest dose and depressed 54X lt the highest. dose. All mitogens exhibited
dose-dependant depregsion. P ot

Hacrophage numbers and function was exsmined in mice exposed to all'three chemicals.
Function was evaluated using assays for SREC phagocytosis, leukemia target cell
(MBL-2) cytostasis, macrophage-mediated .tumor cell cyctolysis and suppressor cell
sctivity, Animals exposed to TCDD and 2P exhibited normal M3 function and nuzmbers.
In contrast, mice exposed to DES exhibited an enhanced number of peritoneal M@
(Table 4) wvhich exhibited echanced phagocytie, cytostatic and cytolycic potential
indicative of M3 ac:xv.cxon (Table 6).' .

In an attempt to understand the ncchnuitm 6f TCPD-induced T-cell deficiency, mice
were exsmined for che presence of a putative receptor for TCDD in the thymus and
other tissues. These studies (Table 5) Tevealed a recéptor for TCDD present at
high concentrations in thymus (114 fm/mg of protein), to a lesser exrent in liver
and present at only a very low comcentration in heart =muscle. Compectition experi-
.ments demonstrated the relative specificity of this receptor (Table 5). Thus, the
recepcor for TCDD in thywus probably helps account for the selective toxigity of
the chemical for thymus—dependent lymphocytes.

Rost suscepribility to challenge with 1.2x10% viable Listeria (LD20) and syngeneic
PYB6 tumor cells (TD20) in TCDD exposed mice is sucmarized in Table 6. reaged
worcality fg L, monocytogenee and tumor take frequency following PYB6 challenge

TUas observed in TCDD exeoued wlce eyen is Ehe lout!g level of TCDD examined. .
otoXin hype N51C1ViCYy was not performed, = (\—
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" Mean CPH x iO"‘—‘rdR. Incorporatiocn (X chmg-)

i PEA - - Con A LS

C00 - 0 1.0 3148, T T 40.3 3.8 :
COD -, U ug/kg 1.1, 35.97 (14%4) 41.2  (214) 4.6 (211%)
TCOD 5 0.6 . 149 (52%9)%:: 25.7 (3634)® 3.1 (18%4)
DES 0 _ 0.9:": 27.5 0T L 2304 8.2 )
DES. -, 0.2 mg/kg 0.8 -17.3 _(3726)® 16.1  (31%4) i3.6 (651t
DES 2.0 1.2 12.2  (56X9)S -« 12.1 (487%)¢ 10.0  (223t)

" DES 8.0 . 1.0 T 4.8 (83TH)C 8.3 (6534)¢ 5.8 "(29%4)
Dose response - NS <0.01 - <0.04 S
3P a 0.5 77.7 82.0" 16.9 5
&P 50 - mg/kg 0.5 71.3 (sz+) 87.3  (6X4) 22.4 {32%1)
BP 200 0.5 52.8 (3114)¢ 54.7 (3314)b 16.8
BP 400 0.3 31.3  (60%4)¢ 37.9 - (54%4)€ 7.7 (5424)c
Doge response <0.05 © <0,0) <0.01 -‘-O.QS

‘a ~ Hezn’ value of 6-8 mice /group;.

¢ — Significantly different from control at p<0.0l.

v s .
TABLE 4 Effect of DES Er:posure on Peritoneal lﬁcrppbl.ge Function

Dosage Total oumber of X SRBC % Hacrophage 1 Ret
¢ /ks) peritoneal cells phagocytosis cyrostasis Cytolysis
mE/kE. x [0~*/oouse . ° relative to comtrol .. (20:1) (10:1)
- -
0 2.76% ° : - * - -
0.2 . 3.s0b - 922 - 28% -2%
2 ' 4,406 .. - 155z T | 862c 25.22P
8 s.62¢ .. " 1502b g02¢ 24.72b
Dose response <0.01 <0.03 <0.01} <0.05

2 — Hean value of 8 wice/group;
ent from coatrol at p<0.05;
from control at p<0.01.

b — Actual values vere significantly differ-
¢ — Actual values were ngm.ficmtly different

‘TABLE 5 Concentration of TCDD Receptor in Cytosol of Mousa Tissue

Tissue TCDD Raceptor (fmol/mg protein)
cytosol 2,3,7,8-TCOD 2,3,7,8-TCDF*  i-NH,-3,7,8-TRICDD®
Thyzus 114 ‘13 56
Liver 94 S8 ) 30
Heart 10 ND ND

a — Compounde that compete for specifiec binding of '?%I-dioxin in
cytasol fraction; ND — Not done.

b — Sigonificancly differeat froa control at p <0.05;

e .
e
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TABLE 6 Effect of TCDD, DES and BP Exposure on Host Rgsistance Paracecers L&
PYB6 Tumor Cells u Listeria Challenge 'I-:ndotbxih.Chall'engg : {_'.
Chemical Pose No. tumors/No. challenged . No. deaths/No. challenged, No. deaths/No. challenged.s : . T
(T tumors) . ., . "} ¢ (% woreality). % - -, (X mortality) vt R
8L . > . ! 3
-
TCDD 0 4/18  (22;) . 7 7/25  '(28%) ND N E
TCOD I wglkg 6/10. (607)b e 6/15  (40%) ND N ,
TCDD 5 4/9 - (442) < s 1S (13T)© . .., : :
. . . I 5 B t. *
DES . [ 2/10 . (20%) . “r L2010 (20%) ofio b R el
DES 0.2 mg/kg 3/10- {301) ' 10/10 “(100%)b o6l (672)0 3 .
DES 2.0 a/10  (sox)b ©T10/10 (100x)b T §/10 - (90X) S
DES 8.0 9/10  (s01)b : 8/8  (1002)* A19  (44X) 8
BP 0 0/10  (02), 0/10  (0%) 1/10  (102), ve R
BP 50 og/kg 1/16 (0%} 1710 (10%) 3f10 (302) o
BP 200 0/10  (032) 1/t0  (10T) 7/10 . (702)4 g
BP 400 .2/10  (20%) _0/10 (101) “2/10 - (20%) 5
Sp— - e y o'l
a — Significantly differént from control at p <0.05 by Chi-square analysis-or Student's T-test; : . .
b — Significantly different from control at p<0.0l by Chi“square analysis or Student's T-test.
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table, 6 allo suuurizd- tha 'qtfocr.g,\ ,ﬁ‘cxposurn fn .adult female B,C,F, nicc on’
the £fraquincy of. ] tg‘.t‘ 1o Yy ‘challenge level (5x 10%) of cumor.
GEE VAT X T4 008y ot ‘tumor takes(80-OXYRF Y-
ufﬁlo\'rﬁg'tmor eaTTVéna

m‘%‘dc‘ lduinhured 8.0 or 2.0 mg/kg of-"
DES. - Tha ‘mearn latency {n’ days ‘to”timor detectiocn was not sigaificently altered in
DES c.xpoud mice nor: was the oean  tumor ‘volume (data oot sho'nm) Likewise, Table 6 -
nu—nrim ‘challenge sod wmortdlicy studlés wich Listeriq in mice following DES -
;xpolur". Mica from all three DES® :r“bnnt groups demonstrated a significant .
wortality. (p<0. 01) to & Ligtaria: challenge dose of organisms that killed only 20%°
e Baan’ lal:ency to death in days was likewige -
reduced .!n ‘the DES~ treated” groups with an average latency of from 4.8 to 5.4 days
coaned to. 8 O Blyl m the control group.

DES 'éxioseﬂ animits” vete, a1xd’ llgniﬁc.mtly (p <0.01) more seasitive to a challenge
"dose’ oF. gram-cegativa endotox{n {Ev coli) than were control mice (Table 6) with a
67-90%, mortality ftequency. A dose-ruponle patcern wax not ‘observed since the
wglkg) Enled ¢’ de.uomtnl:e significantly increased endo-

:onu norr.alu:y.‘ o

BP exposure failed to altef Bost tesistince to tumor cell orf“iicteria challenge,
alchough increued norc;l:u:y vas oblerved follovu\g endocoxm challenge (T:ble 6).

The Hacl'.oul Toxx.cology Prograz (NTP) is examining a variety of in vivo and in
vitro approaches as well as the apphcn:mn of new research disciplines' to the
field of toxicology for the evaluations’ of chemicals of :nv:.romenul concern.
ology represents one of the ducipl{nea that the NTP is employing to examine
possiBI& Target organ toxiciTy as well as generalized toxicity at the cellu “md

EcTeculat level, Furthermore, the W .
ﬁ'c‘ﬁ.?ﬁ.l‘, vical} Etmgzl and parasi isesses as as the spurveillance and .
denr.tucr.xon bf ncoplutic.luy ttmtarlt.d cellé are simultaneously being evalu.n:ed._

1t ls our, 10&1 dz:‘ HImS"to aylcmciuuy ‘apply the’ dxsciplines of immunology and™

- mcro‘blolou id a cou;r:eheduvc Harner “to study xmno:oncity and altered host - =~

.Tesistanck as-well.as 'to défine a panel of ‘sensitive“zssays to screen for chemical-
induced® “chinges £n imulogicnl lnd host _Tesistance parameters. Extensiva e
studies’ conduc:ed at NIEES ‘have sugguted "that the route of exposure as well as

the time’of u:posut: ‘Telative to the mgturational development of the irmuoe system
should be of pumunt comxdarltion ‘in the design of evaluation protocols. Several
studies have demcustrated that pre- ‘and ‘postnatal exposure to certain chemicals
(e.g. TCDD or DES) during the’ mtuﬂ.non of the thymus—dependent ielemencs of the
imoune system often produces more profound imunological effects than adult exposure
(see rwiw by Faith and covatkarl) ‘or produce long-lasting effects- through adult

- lec“Sﬂ 1980'6'). Thus, the_focus' 6f the discipline of m:mnology on the
‘- evaludtién’of chenicil toxicicies ‘may p e beneficial iaformition €o raci te
‘DetEeT Buman Tiak FiCINmERT. j

\mnan ris L - o

The évaluation of the prototype chemicals highlighted here substantiate these
beliafs regarding cthe importance of evaluating immunological paramecers. Profound
reduction in thymus waights wece observed following pre/postnatal exposure to TCDD
snd following adult exposure to DES at exposure levels wvhich were not overrly toxic
by classical toxicological paramecere. A slight decrease in body weight gain
occurred at the 5 pg/kg TCDD domage group, but not the | pg/kg group, where normal
liver weights and serum chemistries vere found. These data substantiate previous
teports of selective thymus atrophy following TcBD exposure, Recently, Carlscedt- .
Duke {1979) rcported the presence of a receptor for TCDD in thymus tissue and liver
vhich was recently confirmed by Chae of this laboratory and reported here. The
presence of this receptor may explain the selective roxicity of TCDD (or chymocytes,
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:educcd chynun Hllghtl océurred in all DES dosage grou

silyiphoid ‘depletiod dficortical 's %onn in DES ‘ P
Ld-not produce; lxzuxticant thyous- weight loss or. ﬁxltological alterationy 'ic
nay suggest prxna:ily a B-c.ll defect rather than T—call tltet:tiou:. ’

rogenitor call (CFU-S and CPU—GM) gtudj

oliqwing BP treatment, Ia the case o ypocse - ¢
‘tB'i'HI%SEE-E;ixc effect on thé ‘Pleural-potential stem cell since CFU-£
were deptessed vhile CFU~GM colonies (granulocyte/uactophngc progun;:orljf
increased. " In cou:ralt. it DES treated mice, bone marvow CFU-GM colonied
depressed and &t thé highest DES dose CFU-5 cells were also depressed. . Bl
caused incressed BY cellul;tzty accompanied by depressed CFU-S and CFU-GH
This cbservation xua;:c further definition. Thus, EM cellularicy and progg
cell cloning capacity appesr. to ‘reptesent sensitive endpoints for immunoto3
evnluacxon especizlly since: lynphoxd elements are a source of prollter:co

1mportanc regulatory circuitls vhose nl:eratzons are probably reflected ia Bﬁ

cellulatlty and progenx:or ‘cell levels. !
J

DES crearmen: produced a moderate but significant reduction in the PFC regpond
SRBC and antibody titer to LPS. Since DES induces M suppressor cella (LusCe:jand
couorkers, 1980) che depressgd responses could result from altered M@ functton or
s direct action of the suppressor cells on the AB producing cells. 1In contras:,
BP produced a dramaC1c depression in IgM antibody PFCs to the anrtigeas SRBC-£751+%)
and LPS (86X+). This observation extends the recent obaservaticus of Urso and
Gengozxun (1980) and earlier teports by others that BP #nd dther polycyclie :ro—
macie hydrocarbonl depreas the lntxbody response to SRBCs (Stjernswvard, |
Ball, 1870). T

Examination of functionkl responses of lymphocytes to T— and B-cell nitogeﬁh'lie
believed. to represent both an estimation of T, B and null cell levels as wall as -
wonitor the functional integrity of these populn:ioul (bean, 19792). Reccuc ttudxes
in cancer patients have revealed the importance of the LP assay in the 1mnunolog1cal
staging of cancer patients relative ro survival and recurrence of tumor (Cannon- and
couorkers, 1980). The significance of chemical-induced ‘alterations in func:xonll i
LP responses and the long= consequ Bu Toents auax:lgfurcher’ oy %

" TeFinition, .Studies with TCDD exposed veanlings suggested more severely dep:esled

an B-cell funcrtions. Hore detailed studies (Luster and co—workers,T1980a)
tevealed chat the depressed vesponses to T-cell mi:ogen: wvas due to an in:rinilc
defect and not related to suppressor cell activity since these cells failed. to
transfer depressed responses in co—culture.

The expressxon of nupprellor activity from adherent cells in DES created ulce a2y
be reflected in echanced macrophage cytostasis occurring in DES exposed mice..s4y -
Recent studies demonstrated that induction of adherent suppressor cell nccxvity
results from rhe stimulation of cyclic nucleotides by prostaglandins which estro-
gens have been shown to often mimic (Webb and Jamieson, 1976; Weisszan and co-
wotkers, 1975). . L

Phren (1963) observed chat topical application of polycyelic aromatic hydrocarbons
prolonged transplantacion rejection of allografts. The voute of exposure or dose
of BP employed may explain the fajilure of BP to significantly alcer host resistance
in our study, since BP seemed to alter primarily B—ell responses (i.e. antibody
formacion), but not T-cell responses.

We observed increaged morcality following Ligteria challenge in TCOD and DES
£xposed mice.  BP did not alter Li3ferta suscepribility. The increased morcality

C
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obssrved folloving DES was associsted with & signifl{canc {ncrease in the aumber of
viable Listeria in the tplun and lé.v.t'l at &_days (Dean and co-workers, 1980), a
1 .tips when T-uuhi.-:m.ity«lﬁ " _Wudan(‘rripa:hy and Mackaness,;:1969),~9°
. 8t bacterial. counts vere’similar’td Eontrol mica' at day 1, ‘a tima vheo M@ are
thought to exart their greatest effece. Thesa data su -' 4t the iacreased
-Listeria u.ucaLiba.hty found. folloving TCOD and DES exposure results ITom a Tml
defgcg., In previous studies Thigpea and:co-workers (1375} observed increased :
rtality following Salmonella challange. {in TCDD exposed nic-. a fact which soma
[qel could be related to' the increased ltnli.tw'ir.y of these mice to grammegative
endotoxin., Likewise, Hellar (1960):found that synthetic estrogens increased
phagocytesis, bur that euhlnced~pbagocy'todl'did not protect against microbial

T infection, In coutrast, Nicel and coworkars (1966) found that DES stimulated

p ph(gocytouu and prolonged survival-of Swiss mice against Pnewnococcus type I and
it . PRosteurella septioa. Immunity to- Prisunccoocus {s thought to be T—cell independent
<t ‘which may partially explain the pravious results sod che possible conflict with

‘data reported here. Thus, the {mmunclogical defect which resul in i :
-susceptibility to Ligféria following- o ngly implicates a T- .

¥y functional assays of T-cells.

Xl ]

Tumor susceptibilicy studias Following challenge with 5 x [G?*viable syngeneic PYB6
’ tumor cells revealed that non-treated -adult BoC,Fy wmice régisted tusor formation
jH - with ouly a 10-20% frequency of tumor.:formation. *-Im contrast, mice exposed to

{- TCDD tn utero or DES as adults had a’ cumor frequenéy of up to 60% following TCDD
and up:to 90X following DES exposure.. - In all cases the tumors were progressive .
and resulted in death. BP did not affect the frequency of tumor takes folloving
challenge in this model. .

The uchanil;u by which the unimmunired host can resist tusor or allografc challenge
mmm:in lTmunocompe tnt |
*,m*er_namc I%Eocztgl {T—calls) and mcropﬁ:gn ZBurnec, 1570y, Bot H T
S have been shown to alter -T-cell immunocompetence in this report. //
. —— ——
7 Previdus studies (Cass, 1964) in borh male and female CBH. wmice demonstrated a
+»' <« significantly increased dose-relatad:inridence-of mammary tumors following DES
* ¥ : exposure. The incidence of wmammary tumors following DES was ephanced over DES
alone by radiation exposure (Segalhoff and Maxfield,:.)971), another agenr which
-alters T—cell function. In a later :e'pott Gass and co—workers (1974) demonstraced
‘- ' v a requirement for murine nmry tumor ‘virus (HHTV) for the mamsary tumor inductive

A deCtl Of DES =i~ - r PR o I | R N -

BF exposure failed to alcer :usceptxhxhty to Listeria u‘hu:h is con.sutcnt with
primarily a B-cell defect. .- .

Sensitivity to gram-megative endotoxin was apparently incressed following exposure
_ to all three chenicals. These data suggest that .the detoxificarioan of LPS is
-~ related to an’intact MY population add pGisibly aven requitring B-cells.

-The data presented here demonstrate the esensitivity of rhe immune syscem and the

assay panel proposed for dececting cellular toxicity. Alteration of T-—cell function
eared ro correlate with increised susceptibility to bacte cell

tudies to correlate tween 'assays of lymphocyte function and host

regsistance are currently in progress.
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