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K t e s t in g ,b a t t e r y  v i l i  b e d e s c r i b e d f p r  asscstfing" a l te r a t io n *  in  .immunological 
fu n c tio n  in d  h o s t  r e s i s ta n c e  fo llo w in g  e x p o su re .o f  B^C^Pi mice to  TCDD, DES and 3P. 
TCDD i s ' a  m ajor c o n ta m in a n t.o f  th e  d e f o l i a n t  2 ,4 ,5 .T  (ag e n t o ra n g e ); DES Ls a 
p o ten t s y n th e t ic  e s tro g e n  u sed  th e r a p e u t i c a l ly  to  p rev e n t menopausal symptoms and 
p o s t - c o i ta l  i a p la n ta d o n ^  and as".a /.veigb t prom otsne in  c a t t l e ;  and BP i s  th e  
p r in c ip a l  ca rc in o g en  in  c ig a re tte ;s m o k e  - a n d .c o a l- ta r .  Mice exposed p e r in a ta l ly  to  
TCDD. C5j l ug /kg) - e x h lb i te d  -iarked ; th'yxaia. a tro p h y  and d ep ressed  m itogen ic  responses 
R asistends to  L i* t* r ia  BsmaifytGgmfaj- -graa^-oagatlTS endo tox in  and, t r a n s p la n ta b le  
syngeneic tumor- c e l l s ’ veret:Tike£rtd<B'.impaired.--'The mice Appeared -to have a  s p e c i f ic  
T -c e l l  d e f e c t  as s o d s  ta d  w ith ; eV reed p cb r-fo r TCDD p re s e n t a t  h ig h  le v e ls  in  thymic 
t i s s u d .  Mice, exposed to.DES a t . ;8 ,0 ,  j2 .0  and 0 .2  mgl/kg o f  body y a ig h t f o r  5 days 
ex h ib ite d  se v e re  th y a M  .attophj& fieoos^enied . by  .d e p re s s io n  o f  th e  fo llo w in g  param - 
s t e r s :  an tibody  PFC resp o n se  t o  5KBC and LPS; ' d e la y e d . cu taneous h y p e r s e n s i t iv i ty ;  
ly m p h o p rp life ra tiv e  resp o n se  to-T~: end B-ce11 m ito g ea i a n d .a l io a n t ig e n « ; bone 
marrow c e l lu l a r i c y ;  • and stem  and-granu locy term acrophaga p ro g e n ito r  c e l l  p r o l i f e r ­
a t io n .  Macrophages w ere a c t iv a te d  r e l a t i v e  to  p h ag o c y tic , p r o l i f e r a t i v e  and tu a o r-  
ic id a l  responaas w ith  ev id en c e  o f  •su p p resso r c a l l  a c t i v i t y .  H ost r e s is ta n c e  
param eters were lik e w ise  im p a ired . Thus, DES exposure r s s u t te d  I n  RES s t im u la tio n ,  
se v e re ly  d ep re ssed  im ouno log ica l-end  h o s t  r e a ls ta n c a  fu n c tio n ,  due in  p a r t  to  
macrophage su p p re sso r  c e l l s  e n d .p o s s ib ly .a  T -c e l l  d e fe c t .- -» F in a lly ,  BP was dosed 
a t  400 , 200 and 50 'm g/kg o f  bodyrveigfat over  10 d a y s . BP exposed mice demons tra c e d  
depressed  en tib o d y  PFC responses;- ' lyaphopro  l i f e r  s t i v e  resp o n ses to  m itogens; and 
depressed  numbers o f  bona marrow m acrophage-g ranu locy te p ro g e n ito rs .  Macrophage 
fu n c tio n  and h o s t  r e s i s ta n c e  to- ¡ A r te r ia l  and tiaeor c e l l s  were u n a ffe c te d . These 
d a ta  dem on«crate the . s e n s i t i v i t y  o f  th e  l i t i n a  resp o n se  fo r  d e te c t in g  s e le c t iv e  o r 
'tio n -sp e c if ic  chem ical t o x ic i ty  and su p p o rt th e  h y p o th e s is  th a t  c e r ta in  ca rc in o g en s 
m ay.operate v ia  im u h o lo g ic e l  m echanism s.

INTRODUCTIOH

During the p e s t  decade , the  itmaune system  haa been examined in  experim en tal anim als 
fo r  i t s  fu n c tio n a l  i n t e g r i t y  fa llo w in g  exposure to  a v a r ie ty  o f chem icals o f e n v ir ­
onmental concern . C e r ta in  chem icals have been found to  produce a l te r a t io n s  in
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. J i r r a l l s ; '  1979b',e).>: L lktW l««T^t§5i5h*kl¿«ration« have been obscrved ‘La c e r ta in  c-v-:. 
population« o f Indlv lg u a la  exposed t o chem icals through a c c id e n ta l o r  occupational-^ 

.fcgp&aure.^ A lt bough,-a. f  cvchegdc«la-,m ay b e .jia la c tiv a ly  tox ic  to a p a r tic u la r1 «ub-T-v 
. popu lation  of lymphoid c e ll«  o f  th e /jre tic u lo e o d o ch e lia l «yaten (RES), such 
. thymocyta, i n  cho case o f ch e^^ ii^c& h y d rp cm rb o n ; 2,3,7,6-tetracfalorodiben«J7pT& i' ■■• 

diaxin.(TCDD) (L uste r and.• co-yp r« £ j198 0 b ) , i  t  l a  our. hypothesis th a t  exam ination
of Lamina fu n c tlo ti.,ia  Doat caaai^jidda. a n .¿ c tr a  lav a  1 o f« a n a Ic lv lc y  fo r d e fin in g  ; 
c e l lu la r  to x ic i ty . .  This .Lac ra is e d  s e n s i t iv i ty  ofj t h a . immune response fo r d e te c tin g  

■celj.ulac; to x ic i ty  r e a u l ta  from th e .ra p id  p rp lifa ra tlo n ..a n d  dynastic na tu re  of Ttva^- ? 
c e l lu la r  components o f the -inmine. system .■ This concept is  supported by human-ch'em^~- •

. i c a l  . to x ic i ty  s tu d ie s  i a  th e  f o n t  o f  c l i n i c a l  chem otherapy in  which c e l l s  o f t e S '’*’■• ■• 
a re  th e  moat f re q u e n t t a r g e t  o rg an  f o r  chem ical in ju ry . .  The f u n c t i o n a l . in te g r i ty -  '■'< 
of .CHI o r  th e  q u a n t i t a t io n  o f  bona marrow, c le p c n ts  fo llo w in g  chem otherapy i s  . 
f re q u e n tly  determ ined , to  d e f in e  t h e 'l e v e l  o f ; t o x i c i t y  and to  r e g u la te  dosage.

There a re  s e v e ra l  con a id e  r a t  Iona y^eu , d e s ig n in g  a com prehensive ie ssu n o to x ic ity  , -
assessm ent (p ro to c o l)  w ith  ch e m ic a ls .d £ „ en v iro n m e n ta l concern , as fo llo w s: - (1) The 
planned ro u te  o f  exposure  sh o u ld ^ad o ic  aa .c lo se ly  as p o s s ib le  th e  a c tu a l  e n v iro n - '- -  
m ental exposure ( i . c .  o r a l ,  p a r e n te r a l ,  in h a la t io n ,  e t c . ) ; -  (2) The dosage employed
should, somewhat exceed -the- r e a l .  l i f Ie...expoaure le v e ls  w ith  c o n s id e ra t io n  o f  body - 
w eight to  su r fa c e  r a p io ;  (1). .The dosage » e le c te d  sh o u ld .b e  below th o se  w hich , 
produce o v e r t  to x ic  e f f e c t s - ‘( i .e .v  n e g a t iv e  w eigh t g a in  o r  g ro ss  a l t e r a t i o n s ' i n  - 
l i v e r  enryme l e v e l s ) ;  and (4 ) .:th e  a g e -o f  th e  anim al s e le c te d  f o r  exposure should  
be co n s id e red  c a r e f u l ly  s in c e  some ch em ica ls  ( e .g .  TCDO) h a v e -a lre a d y  been demon­
s t r a t e d  to  have more p o te n t  i ’usau no lo g ic s  1 a l t e r a t i o n s  vheti a d m in is te red  d u rin g  -v 
p re -  a n d /o r  p o s tn a ta L  l i f e  v h iL e ^ th e  immune system  i s  undergoing  m a tu ra tio n .

The p ro to ty p e  ch em ica ls  s e le c te d  ’f o r ' i m u n o t o x i c i t y  assessm en t by o u r  lab o ra to ry '.'- '. • 
r e p re s e n t  th r e e  b road  c l a s s e s  o f  ...chemical«^ . th a t  .a re  n o t .only c a rc in o g e n ic  b u t 'o f  ; ' '

.UQAtQIF »mrirnntunfal __.3\a aa ' inrliwl* hal Ao*nar*if. arrtfM ̂  i j* KwImrarKrtnd _-■****■

sp e c if ic  
s p e c i f i c a l l y
(a)p y ren e  (BP).. ; ■. *”-■ * * - .

, . . . '• >v : ■ •: 
TCDD i s  th e  prim ary  c h lo r in a te d  rfib e n x o -p -d lo x in  con tam inan t produced d u rin g  th e  ’"' 
sy n th e s is  o f  2 ,4 ,5 - t r ic h lo ro p h e n o x y a e e ta ta . (2 ,4 ,5 -.T ) , th e  l a t t e r  b e in g  one of -the' * *. 
m ajor to x ic  c o n s t i tu e n ts  o f  th e  d e f o l i a n t '.a g e n t  o range . (C ourtney and co-w orker a,*' 
1979). TCDO has been found to  a l t e r  th e  ivaunocom petence o f r a t s ,  m ice, guinea*" 
p ig s  and monkeys as w e ll as a l t e r  r e s i s ta n c e  to  b a c t e r i a l ,  p p ra 's ic e  and sy n g e n e ic ' 
tumor c e l l  c h a lle n g e  in  mice (s e e  rev iew  by Vos, 1977; F a ith ,  L u ste r and Vos, 1979)’. 
The s tu d y  w ith  TCDD d e s c r ib e d  h e re  r e p r e s e n ts  h ig h l ig h ts  from a d e t a i l e d  p re /p o a c - -  
n a ta l  exposure  s tu d y  in  B«CsFi n ic e  (Luster; and co -w o rk e rs , 1980). S tu d ie s -o n  th e ',  
p resence o t  a  s p e c i f i c  recep to r,lo r.T C D D  in  thymic- t i s s u e  were s l i d  conduc ted . .."r~r<-

D i e t h y l s t i l b e a t r o l , I s . a  n o n - s te r o id a l  e a tro g e n  i n i t i a l l y  sy n th e s is e d  by Dobbs :and 
a s s o c ia te s  (1938) d u r in g  a se a rch  f o r  s y n th e t ic  e s tro g e n s .  S ince i t s  d isc o v e ry  i t  
has been used th e r a p e u t i c a l ly  a s .a n -# a tro g e n  rep lacem en t to  c o n tro l  menopausal 
symptoms, su p p ress  l a c t a t i o n , . p re v e n t th re a te n e d  a b o r t io n s ,  and p rev e n t p o s tc o i ta l  
im p lan tac io n  ("m orning a f t e r  p i l l " ) . ,  aa w e ll as to  t r e a t  b r e a s t  and p r o s ta t i c  
cancer p a t ie n t s  (see  rev iew  by H o lle r  and F is h ,  1974).* DES has a ls o  been ex te n ­
s iv e ly  used a s  a growth prom ocant in  c a t t l e ,  sheep and p o u ltry  (see  review  by 
McHartin and co -w o rk e rs , 1978). I t  was im p lic a te d  as a p o te n t ia l  ca rc in o g en  or 
co carc inogen  in  humans when H e rb s t, U lfe ld e ra n d  and Poskanzer (1971) observed th a t  
7 o f 8 g i r l s  w ith  a v ery  r a r e  c l e a r - c e l l  adenocarcinom a of the vag ina were the 
r e a u l t  of h ig h * ri» k  p reg n an c iea  in  which the m others rec e iv e d  DES to p rev e n t 
a b o r t io n .  These o b se rv a tio n s  have been ex tended  and confirm ed in  over 302 ca se s  ■ 
o f  v a g in a l as w e ll as c e r v ic a l  adenocarcinom a (H erbst and co -w o rk e rs , 1977).
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— R ecently  DES-'haa beeQ*:«hc«m'. r e la t iv e ly  »potent ' inmuno s upp resa  iv a  H Ü i
v i '  o n rcs ll- ta a d  t a c a d - l j a k u h l t t * ) ^  " 1 — " *

1578, I980 ;: ' X n l l* ^ , r ^ 5 M ¿ ¿ b )  o r 'b d ù lc -e x p o su ra  (Boorman a n d .co -v o rk e  
L u ste r end c o -v o r k e r s ^ l^ S O a ; '"  Dean* a n d co-w orkers', 1980). S t u d i e s * '  
ehig r e p o t t  hLghL ig h t ’c ^ \ f í o d i t i g s v i t h '  DES; ' . -•

>' . . • ■..................-r i-; ” ’ * * * ■-*■*■

• P o ly c y c lic , a ro m a tle  h y d rò c V rtò h j.b f  ly h ich ' b s a ro ( a ) pyrene U  t m ajor coq 
ere- formed b y  incomp le  te^cocba* t io ò ^ -o ffo *  i  i  l  f u e ls  end tobacco  aa
by-product* , o f  c o a l  c o n v e c tio n 1' p ro c a sse * . ’ They arie 'ac ted *  upon by a r y l  ih ^ r ó c V r  £/,•:.

............................................ ca rc in o g en  p o te n t i a l .  The a i g n t f Ic k n c á ú m £ ^ ?4 : ^ f . í ^ '___i _._____ ; :   i. ~ í l t 1* ‘i: '.:’*

ÀL.-.

&¥
h y d ro x y la s e . to  m etabol icas? V í tb : p o te n t  
dhetpi.ca£- t a r e  Lnogen-induced.Iraaunokupp 
ca rc in o g e n , ia  n o t - y e t  f u l l y  u n d e rs to o d ,-  Halngren.
bh^i.ca£-t:arcLnogen~Ìnduced:-ln& ftiao 'kùpprcssion l a  th e  tu m o rig e n ic  p o te n tla T ^ o f .k

re a  and a s s o c ia te s  (1952),:p b '« e ^ fó '^ * j3 ^

In s c u d ie s  r e p o r te d  here-,- ¿ i j u l t ’B'«Ci'Ti'Íaíce v e re  ' exposed 
cu taneous in je c tio n s* -fo llo w e d  b y  an- e v a lu a tio n , o f  in s u n o lo g ic a l  
p a ra m e te rs .-  ' '•

MATERIALS AND METHODS ~

TCDD, DES and BP Exposure

; P re /p o o tn a ta l  TCDD■exposu re  vas ‘accom plished  as p re v io u s ly  d e s c r ib e d
L u ste r and co -w o rk e rs  (fSBO ).' TCDD' va*  sy n th e s iz e d  by th e  LEC a t  SIEHS'-'at - g r e a te r ;■ ' 
chan 992 p u r i t y .  ' V irg in  fem ale C57BI/6 mice were mated w ith  male C3H ¿ice-:and ; ”
pregnancy v as d e te rm in ed  b y ’’t h e ‘p re se n ce  o f  a  v a g in a l p lu g . Mother* .v’ere-adm ih—̂ . . / . ; V v ! '  
Lscered TCDD d is s o lv e d  in  co rn  o i l  by gavsge a t  day*T4 o f  g e s ta t io n  snd-;sg^.a.*biiw*. VV^‘. • 
days l ,  7 and 14 f o l  lo v in g  b i r t h  a t  dosages o f  1 .0 , 5 .0 . and 15 .0  ug/kg ó£"}ü¿iyL:;~ ' 
w e ig h t. - Mice used  f o r  c o n t ro ls  re c e iv e d  co rn  o i l .  lam m o lo g ic a l  a s se ssm en t .vas. t- br;
i n i t i a t e d  7 days s f e e r  v ean in g  shd h o s t  r e s i s ta n c e  pa ram ete rs  w ere examined 6-8  :\'-r  _
weeks a f t e r  w ea n in g .* ' ■ - * ■ . * -

D ie th y ls c i lb e s t r o l '  (DES) was o b ta in e d  from  Sigma C hem ical‘Company (S c . L o u is , HO)..
S ix to  e ig h t  week o ld  fem ale B«C»Fi mice w ere in je c te d  su b c u ta n e o u s ly  (sc)- w ith .
0 .2 , 2 and 8 mg/kg body w eig h t *o£ DES d is s o lv e d  in  0 .1  ml o f .  c o rn  o i l  f o r  f iv e . _ 
c o n se c u tiv e  d a y s . C on tro l. « ic a V re c e iv e d  co rn  o i l  a lo n e . ' Im m unological a n d a o s t  ., 2 '^  
r e s i s ta n c e  s tu d i e s  v e r c cp e rfo ra e d  3-5  d ay s fo llo w in g  th e  l a s t  d o se . '

B en ro (s)p y ren e  (BP) wms l i lc e v ls a  pu rch ased  from Sigma Chem ical Company.-* S i r  to ; '  
w eight week o ld  fem ale B«CiFt mica ’’v e ré  a d m in is te re d  BP d is s o lv e d  in  co rn  o i l  by 
subcutaneous I n je c t io n  to  a t o t a l  dose  o f  50, 200 and 400 mg/kg body w e ig h t; b y a r-a .j ., ,  , . v 
14-day p e r io d . Three to  f iv a 'd a y s  a f t e r  th e  l a s t  tre a tm e n t dosage In snuno iog ic il.v ' 
and h o s t r e s i s t a n c e  p aram ete rs  were e v a lu a te d .

Comprehensive E v a lu a tio n  of Inm uno log ical and Host R e s is ta n c e  P aram eters

' C 'V

The a s s a y  p an e l employed In  th e  In s u n o lo g ic a l ,  p a th o to x ic o lo g ic a l  and h o s t  r e s i s ­
tance e v a lu a t io n  o f  ia o u n o to x ic i ty  has p re v io u s ly  been d e s c r ib e d  (Dean and c o -  
w orkers , 1979b). The methods u t i l i s e d  have lik e w ise  been d e s c r ib e d  in  d e t a i l c



hand  corwbrfcera, I960; Dciq  And co-w orker!'^, .* ' lf»;, .(Luccer and CO-WOrfc«C*,  • lp8phc;^';.r*^nvwtf^end rA-war 
‘ J979c) •

" *' '" '* '-<<-• ^ ' *" * *
TCDD R eceptor Am t t y  ..
■ - ■ ■ -', * .v, . ■
la  a ty p ic a l  a s s a y ,  3 ‘« l / . o f a  lOOiOOOlX-g su p e rn a ta n t from t i s s u e  h av ing  a p r o te in -  
c o n c e n tra tio n  o f ' a p p r o x im a te ly 0 .'S/iiig/ml. i n  20 -mM T rie  HCi b u f fe r  c o n ta in in g  0 .2  M 
KC1 end I mM EDTA (pH 7 .4 ) # ,Va« j .n q ^ A te d :w ith  2K4Qf dp« o f  l - N - ( 5 - l 2 i I - io d o v e le r -  
sa id o )- 3 , 7 ,8 - tr ic h lo ro d ib « tu ta rp -d lio ^ a ^ J (A 1* I - d io x ia ) , p lu s  a 3 0 0 -fo ld  e x c e l■ of 
uni a be le d  TCDD f o r  2 hour i  afc. 0*C -.i'afA-^ sh a k e r  b a th .  The unbound 12SI - d i o r i a  va« 
reeovqd. b y * a c tiv a te d  c h a rc o a l p e rfo riied  by- in c u b a tin g  0 .8  mL a l iq u o t  o f th e  in cu b -- 
a t io n  m ix tu re  w ith  0 ,4  «1 o f c h a t c o a l /d e x t r a n  su sp e n sio n , c e n tr i f u g in g  a t  300 x g 
f o r  10 m in u te s , a n d -c o u n tin g  0 . 6 ‘ml « tlA u p e rn A ta n t in  a gamma c o u n te r .  Each a ssay  "  
was perform ed in  d u p l i c a t e .  - S p e c i f ic .b in d in g  i s  th e  d if f e r e n c e  betw een 1211 -d io x in 1 
bound in  th e  ab sen ce  o f  any- unlabsled..yCDD and * * * I-d io x in  bound in  the p resen ce  * 
o f  excess u n la b e le d  TCDD,' i

. • -.X'1 ~ X-; T*'
■ - .. ■ • ■ /  >

S t a t i s t i c a l  A n a ly s is  ■ ! -
. - S'jUy

The M a n n -^ itn e y  U t e s t  o ^ C h i ^ i u a r e i x e s t  was employed tc  a s se s s  the s ig n i f ic a n c e  
of trea tm e n t e f f e c t s . '  -D ose-responss tte o d 's 'w e re  determ ined  by J o n c k h e e re 's  t e s t ;  
D iffe re n ce s ' betw een  m ito g en  re sp o n se s- 'y e re  d e te rm in e d 'b y  S tu d e n t 's  t - t e s t .

■ - ' ’ -4. •
l  " y .

results * . ;■ w . . . .  - . * '• ■ • i .1 ■ ^  w ; ■ * /  ?***xy * *
T sb le  1 sum sarize*  t h e ‘¡» ffee t O t ‘d is j s ic a l  exposure on body and s e le c te d  o rgan  
w e ig h ts . A s ig n if ic a n t-d e c re a se '-¿ m ^ b o d y .w e ig h t g a in  vsa observed  in  th e  S ug/kg 

.TCDD dosage g ro u p . Thymus ■ veiglit'W U -jthym na-to 'body w eigh t r a t i o s  were a ls o  
- .s ig n if ic a n t ly '.r e d u c e d  in  tf i ia d o s a g f^ g ro u p ,- . .  H is to p a th o lo g ic a l e v a lu a tio n  o f  th e '
. thymis re v e a le d  s e v e re  th y m is ;a tro p h y  ¡w ith  d e p le t io n  o f lym phocytes from  c o r t i c a l - 
reg io n s  i n  th e  5 p g /k g  d o s a g e '

‘ * - *7 *- # .
'.Table. 1 a l s o  s u o s a r ix e s  body -;S i^ ,j(e ieC t* d 'o rg an  w eights- from DES exposed m ice. Ko 
. ev idence Of ̂ o v a r t to s ^ 'c i t^ .w ^ ^ -^ s e rw s d ^ a t  any o f th e  DES d o s e s . DES induced a  1 * 
s l i g h t  in c re a s e  in  body w eig h t ¿¿‘ « ig h r^ b e  e x p e c ted , w h ile  p roducing  a d ram a tic  
d e c re a se  in  thym is w eig h ts  which ran g e d ;fro m  50 to  752 depending on d o se . On 
h is to p a th o lo g ic a l  e v a lu a t io n ,  m a r k ^ * a l t e r a t io n s  o f  thymus s i r e  c h a r a c te r iz e d  by 
marked d e p le t io n  o f  c o r t i c a l  lym phocyte«- a s  a  fu n c tio n  o f DES dose was o b se rv e d . 
Spleen and l i v e r  w e ig h ts  w ere ■ it^creasedV  BP produced a dose re sp o n se  tre n d  
(p < 0 .0 1 )  .tow ards body and thymus w eig h t lo s s  which was no t s t a t i s t i c a l l y  s i g n i f ­
ic a n t  a t  any o f  th e  .c o n c e n tra tio n * ‘¡ te s te d  (T ab le  1 ) . O ther o rgan  w eig h ts  were 
u n a l te r e d .  ..H is to p e  e c o lo g ie s  ¡¿^eva lua tion  o f  o th e r  lymphoid o rgans re v e a le d  no
marked p a th o lo g y ; "  ■ ^  \- V-“ £  ‘ - 'v ~ •

Jv ■
The e v a lu a t io n  o f  bone marrow c e l lu la S r i ty ,  sp le e n  c o lo n ie s  (CFU-S) in  x - i r r a d i a t e d  
r e c ip ie n t s ,  and th e  number o f bone marrow c e l l s  form ing m acro p h ag e-g ran u lo cy te  
c o lo n ie s  (CFU-CH) i s  s u m a r i z s d . i n  Table 2 . Bone marrow c e l l u l a r  icy  and th e  number 
o f c e l l s  form ing CFU-S c o lo n ie s /S *40* c e l l s  was s ig n i f i c a n t ly  d ep re ssed  in  the  
h igh TCDD dosage g roup . CFU-Qi c o lo n ie s  were s ig n i f i c a n t ly  reduced  in  the h igh 
dosage g roup . The e f f e c t  o f DES exposu re  on bone marrow c e l l u l a r i t y  and CFU-s i s  
a ls o  sum aarixed in  Table 2. The o bserved  h y p o c e l lu la r i ty  o f the  bone marrow was 
s ig n i f i c a n t  ( p < 0 .0 1 )  and lik e w ise  d o te —r e l e t e d . The number of bone marrow CFU-CH 
as measured by i n  v i t r o  c u l tu r e s  e x h ib i te d  a dose-dependen t r e d u c tio n .  The numbers 
o f h em a to p o ie tic  p le u r ip o te n t  stem  c e l l s  (CFU-S'*) were l ik e w ise  dem onstra ted  to  
have a s ig n i f i c a n t  ( p < 0 .0 1 )  d o se -d ep en d en t r e d u c tio n .
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TABLE 1 E f f e c t  o f TCDD, DES end BP on Body end S e le c te d  Orgen W eights

8.
8
i
»
Art

fry..

/y

* *• ; ■ 
' d ' *

iy; > 
.Oi.-I

C heaicel Dose Body W eight Thymus w eight Thymui/body w eight Spleen ‘.weight L iv e r w e ig h t- .-  R igh t lddney
(g) Cog) r e t i o  (M 0>) (mg) (mg) w eight1 (»g)

TCDD
TCDD
TCDD

DES
DES
DES
DES

0 
I 
5

0
0. 2
2.0
8 .0

V i/kg
Mg/kg

Dose response
0. 

50 
200 

‘ 400

BP
BP
BP
BP
Dose response

13.6* 
12.6 
10.9C

20.8
21.6
22.8
22.1

US

21.2

20.9
20.2
19.6
<0.05

61
58
36b

4$ 
22 c 
14C

4.5
4.6 
3.3b
2.3
l . 0 c
0.6C

84
82
70b

120 
140 
160b

840 
846 
7 l4b *

1063 ' '
Ì294b
J666c

HD
HD
HD!,
133.. 
146. 
135;

•£

12c 0.5C 205c 207GC I39: I?
«o.o; <0.01 <0.01 . <0.0r„ . . i
63.3 3.0 97 1050 14̂ ' :S;
59.4 2.9 97 Ì 040 .. l l i  ».57.0 ' 2.8 . 92 . 1050 138;: : W

4 48.4 .. - 2.4 .‘joo ■ *' *. 1150 15% -
¡* -io.oi / * ..' ‘ns- ; : ■ . ,'iis - . NS ■»■_____ :______v ,h -

;v

s — Heen velue of 7-8 mice/group; b — e ig n if  ic e n tly  d if f e r e n t  from co n tro l e t  p < 0 .05 ; '■,c — e ig n if ic e n t ly - d l f f  l i t  
from co n tro l e t p < 0.01 ; NS — Not s ig n if ic e n t ly  d i f f e r e n t ;  ND — Not done.

*:i v WAff \i
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TABLE 2 E ffe c t of TCDD, DES end BP on Bone Merrow C e l lu l a r i t y ,  P ro g e n ito r  C e ll 
end T -C ell Dependent (SRBC) and Independent (LPS) A ntibody P laque Forming

Chemical Doce N ucleated  c e l i a /  
femur x 10-4

CFU-S/
5 x 10“ '  c e l l*

CFU-CM/ 
10s c e l l a

SRBC PFC/
IO1 sp le e n  c e l l a

C o lo n ies ,
C e lls

LPS PFC/ : y 
10? spleen call*» 

or Hk t i t e r  (log  2)

TCDD 0 17.7 10.3 < * 29.6 ' ND 1- ■' t  ’.'HD
TCDD 1 yg/fcg . 18.6 (4XO* ND . •• 36.8 í I8XO v m \  ; • n -'.ND * ■¡••S .
TCDD 5 u . e (l6X 4)b 7 .0 -  (32X fjb A 26.0 (12X4):’>- ;■ ; no.; ’ " ;> •í- , £ NO
DES 0 19.1 6 .8  ■ ■ - Sii. 5 : ioo3 •‘‘ 6': ¿1
DE5 0 .2 ag /kg 15.7 (18X4) 6 .6  (3X4) ■ 40.9 (25XOb 1039 (4XO 6.00 <10X 4)£

0 5 X 4 )5DES 2 .0 13.7 (28X4)b 6 .0 . (12XO ; 34.6 . (36XOc -742 (26XOb. 5.67
DES 8 .0 12.9 (32XOc 4 .Ó (4JX4)C 33.5  • (38X4)c • 775 (23X+)b . 3 .67 < « » > !
Dose response <0.01 < 0 .0 r  V  <0.01 :: <0.01, . <0.01 ■ *--c.- . *
BP 0 19.8 »0.6 ' 108 1510 729
BP 50 mg/kg 22.8 (15X+) '8 .5  (20X4)6 92 (15X4) 1133 (25X4) 3B9 (47X+)C
BP 200 21 .1 (6XO 8 .5  (20X+)C 89 (18X4)b 984 (35X4)6- 256 (65X 0 c.
BP 600 26.3 <23XOb 5 .7 _ .(4 6 X t)c .,64 (41XOc 378 (75X4)C 99 (86X4) *v
Dose response ‘ - <0.05 <0.01^ <t).01 T < o . o r - <0.01

a — Mean value of 6-8 mice /g ro iip .'w ith  X change in  p a re n th e s is ;  b — S ig n if ic a n t ly  d i f f e r e n t  from c o n tro l  a t  
p < 0 .05 ; c — S ig n if ic a n t ly  d i f f e r e n t  from c o n tro l  a t  p < 0 .0 l ;  d — I le m a g g lu tin in /c ite r  ( lo g  2 ) .

i .

?  : " 
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m

mm*
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d o a a g a - la v a ls ,-  w h ile  Cha n u o ta r  o f  CFU-GM c o lo n ia s  vas reduced  sc  Che 200 and 400 • 
mg/fcg l e v e l .

■ V- i .*' -----  - ,
The JgM a n tib o d y  p laque  form ing c a l l  (PFC) rasponaa co sheep red  blood c a l l*  (SRBC) 
was- s i g n i f i c a n t l y  reduced* (p <  0 .0 5 )  ac Che 2 and 8 mg/kg do tage  of DES (Table 2)
And P fC t.p e r  CocaL sp le e n  v a ra  ' l i k e  w it a reduced o v e r 40Z. The tecum  a n t ib o d y ' t i t e r  

- co the T-»celL independen t a n t ig e n  E. a o l i t lip o p o ly sa c c h a r id e  (LFS) v a t s im i la r ly .  " 
reduced , up to  45Z in  Che h igh  ex p o su re  g roup .

The n o a t s t r i k i n g  e f f e c t  obse rved  in  ' chc; e v a lu a c io n  o f  BP vas che dep ressed . PFC-.y 
resp o n se  to  b o th  T.-detoendent and T -io d ep én d en t s t im u l i .  The re s p o n s e .to  SRBC-vas.-V:- 
d ep ressed  f ro «  2S.tr o  W Z a n d th e  re sp o n se  to  LFS vaa d ep re ssed  from 47 co 86Z, _ 
depending on th e  tre a tm e n t group examined.* Uv.. .‘,V.<

Assessm ent o f  :the ly o p h o _ p ro lifa rac iv a  ~(LP) resp o n se  o f  sp le en  c e l l s  frota TCDD 
exposed w ean lings ,~to m ito g en s , r e v e a le d  s ig n i tx c a n t iv  d ep re ssed  p r o l i f e r a t i v e 

TBsponTca co th e T -c e l l  m itogens PHA and Con A, which v e rc  d o se -d ep en d en t, bu t  n o t - 
TO tAé n - c e i i  m itogen ¿PS ¿Table 5 ) .  : \ * 1 " 7*
<--------------------*
Table 3 a lso  su sm arlzcs  th e  e f f e c t s  o f  DES a d m in is t ra t io n  on in  v i t r o  s p le n ic  LP 
re sp o n se s . LP re sp o n se s  to  she T-lym phocyte « ito g e o s  FHA and Con A were s e v e re ly  
d ep ressed  in  t r e a te d  n ic e .  S u p p re ss io n  o f th e se  resp o n ses  ranged  from ap p ro x im ate ly  
30Z in  .the 0 .2  ng /k g  dosage group to  70Z in  th e  h ig h e s t  dosage g roup . A dose 
responser e f f e c t  was n o t seen , in  th e  re sp o n se  to  th e  8 -ce lL  m itogen LFS. - The LPS 
resp o n se  was augmented in  th e  0 .2  and 2 .0  ug /k g  dosage groups w ith  a 291 d e c re a se  
in  the  8 mg/kg dosage g roup , which was n o t  s t a t i s t i c a l l y  s ig n i f i c a n t  when compared . 
to  c o n t r o l s .  .S u p p re s s io n  o f th e  mixed le u k o cy te  c u l tu r e  (KLC) resp o n ses o cc u rre d  
in  mice from th e  2 .0  and 8 .0  mg/kg DCS dosage (d a ta  n o t show n).

■ * " * .As • -
LP resp o n ses  to  th e  T -c e l l  « i to g e n s  FHA and  Con A were (¿ p re s s e d  in  BP c re a te d  mice 
up to  60Z and 54Z r e s p e c t iv e ly  (T ab le  3).. The B -c e ll  resp o n se  co LPS was enhanced 
a t  che, lo w est dose and d ep re ssed  54Z a t  th e  h ig h est^  d o se . A ll m itogens e x h ib ite d  
dose-dependen t d e p re s s io n . r  i.

Hacrophage numbers and fu n c t io n  v as examined in  mice exposed to  a l l ' t h r e e  ch e m ic a ls . 
F unction  was evaluaC ed u s in g  a s sa y s  f o r  SRBC p h a g o c y to s is , leukem ia t a r g e t  c e l l  
(HBL-2) c y t o s t a s i s ,  m acrophage-m ediated  stumor c e l l  c y c o ly s is  and su p p re sso r  c e l l  
a c t i v i t y .  Animals exposed to  TCDD and BP e x h ib ite d  normal H i .fu n c t io n  and numbers. 
In c o n t r a s t ,  m ice exposed to  DES e x h ib i te d  an enhanced number o f  p e r i to n e a l  Hi 
(Table 4) which e x h ib ite d  enhanced p h a g o c y tic , c y t o s t a t i c  and c y to ly t ic  p o te n t ia l  
in d ic a t iv e  o f  Hi a c t iv a t io n  (T able 4 ) .  •

In  an a t te m p t to  u n d ers tan d  th e  mechanism o f  TCDD-induced T - c e l l  d e f ic ie n c y ,  mice 
were examined f o r  the p resen ce  o f  a  p u ta t iv e  re c e p to r  f o r  TCDD in  th e  thymus and - 
o th e r  t i s s u e s .  These s tu d ie s  (T ab le  5) re v e a le d  a r e c e p to r  f o r  TCDD p re s e n t a t  
h igh  c o n c e n tra t io n s  in  thymus (114 fm/mg o f p r o te in ) ,  Co a l e s s e r  e x te n t  in  l i v e r  
and p re s e n t  a t  o n ly  a v e ry  low c o n c e n tra t io n  in  h e a r t  m usc le . C om petition  e x p e r i­
ments dem o n stra ted  the r e l a t i v e  s p e c i f i c i t y  o f t h i s  r e c e p to r  (Table 5 ) .  Thus, the  
re c e p to r  fo r  TCDD in  thymus p ro b ab ly  h e lp s  accoun t fo r  th e  s e le c t iv e  to x ic i ty  of 
the  chem ical f o r  thym us-dependent lym phocytes.

Hoc t s u s c e p t i b i l i t y  to  cha l le-nge w ith  1.2 * 10* v ia b le  L i s t e r ia  (LD20) and syngeneic 
PYB6 tumor c e l l s  (TD20) in  TCDD exposed  mice is  summarized in  Table 6 . in c re a se d  
m o r ta l i ty  to  L. m onocytogenes and tumor take frequency  fo llo w in g  FYB6 c h a lle n g e 
was observed  in  TCDD exposed mice even a t  Che low est le v e l  o f TCDD exam ined. 
Endotoxin hyper s e n s i t i v i t y  was n o t p e r f  o ^



.-TABLE 3 , E f fe c t  o f
J v  ‘ -V

f  TCDD, DES and. BP on--the ^yotpboproliferativ* Response* o f  Hice

Chemical Do** C on tro l Msan CPM x 10” *-TdR I n c o r p o r i t i  on (X change) 
POL Con A LPS

TCDD -r " 0 1.0 31.4*. T. 40 .3 3 .8 '
TCDD I Ug/kg 1.1 . 3 5 .9 , (I4X t) 41 .2 (2X+) 4 .6 (21Xt)
TCDD 5 0 .6  , . 14.9 (S2X4)C : • 25.7 (36X4)b 3.1 (18X4)

DES 0 0 . 9 ; ;; 2 7 .5  ‘ ' .?'*** v 4 23 .4 8 .2
DES - 0 .2 mg/kg 0 .8 - 17.3 <37X4)> 16.1 (31X4) 13.6 (65X t)b
DES 2 .0 1.2 12.2 (56X4)C • 12.1 (48X4)c 10.0 (22Xt)
DES 8 .0 1.0 " 4 .8 (83X4)c 8 .3 (65X4)C 5 .8 •(29X4)
Dose resp o n se NS <0.01 <0.01 NS

BP 0 0 .5 ' 77 .7 82 .0 16.9
BF 50 * mg/leg 0 .5 71 .3 (8X4) 87 .3 (6X+) 22.4 (3 2 2 t)b
BP 200 0.5". 52 .8 (32X4)C 54 .7 (33X4)b 16.8
BP 400 0 .3 ' 31 .3 (60X4)c 3 7 .?  ■ <54X4)5 7 .7 (54Z4)c
Dose response <0.05 <0.01 <0.01 <0.05

■a — M e a n 'v a lu e 'o f  6-8  n ic e  /g ro u p ;, b — S ig n i f ic a n t ly  d i f f e r e n t  from  c o n tro l  a t  p < 0 .0 5
c — S ig n i f ic a n t ly  d i f f e r e n t  from c o n t r o l  a t  p < 0 .0 1 .

V
TABLE 4 E f f e c t  o f DES Exposure on P e r i to n e a l  Macrophage F unction

Dosage
(mg/kg)

T o ta l number o f  
p e r i to n e a l  c e l l s  

x 10” */mouse

Z 5 BBC 
p h ag o c y to s is  

r e l a t i v e  to  c o n tro l

X Macrophage
c y t o s t a s i s

(2 0 :1 )

X Net 
C y to ly s is  

(10 :1 )

0 2 .76*  1
1

-

g . 2 3 .50b * 92X 28X -2Z
2 4.4QC 155Xb 86 Xc 2 5 .2Xb
8 s .6 2 c ; ' . 150Xb 90 Xc 2 4 .7Xb

Dose resp o n se  <0.01 <0.05 <0.01 <0.05

a — Hean v a lu e  o f 8 n ic e /g ro u p ; b — A ctua l va lue*  v e re  s i g n i f i c a n t l y  d i f f e r ­
e n t  i r o n  c o n t ro l  a t  p < 0 .0 5 ;  c — A ctu a l v a lu e s  .were s i g n i f i c a n t l y  d i f f e r e n t  
from  c o n t ro l  a t  p < 0 .0 1 .

TABLE 5 C o n c en tra tio n  o f  TCDD R ecep to r i n  C y toso l o f Mouse T issu e

T issu e  TCDD R ecep to r (fa o l/m g  p r o te in )
c y to s o l  2 ,3 ,7 ,6-TCDO 2,3,7,8-TCD F* I-N E ,-3 , 7 ,8-TRICDD*

Thymus 114 73 56
L iver 94 58 30
H eart 10 ND ND

a — Compounds th a t  compete fo r  s p e c i f i c  b in d in g  o f  l J i I -d io x in  in  
c y to s o l f r a c t i o n ;  ND — Not done.
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TABLE 6 E ffe c t  o f TCDD, DES and BP Exposure on Host R e sis tan c e P aram eters

PYB6 Tumor C e lls L i s t e r i a  C hallenge E ndotoxin  C hallenge
Chemical Dose Ho. tuoo rs/N o . ch a lle n g ed  

(Z tum ors)
, H o .d e a th s /ty o . c h a lle n g e d . 

j  • (X m o r ta l i ty ) .
Ho. deatha/H o., c h a lle n g e d ^ ';  

. ( I  m o r ta l i ty )  * <? :

TCDD 0 4/18 (22Z) 7/25 (28X) ND •'.i"
■ /(■!

TCDD 1 lig/kg 6/10. (60X)b 6/15 (40X) ND
TCDD 5 4/9 (44X) -. . M /15 (73X)C HD J » » ■ X J'
DES . 0 2/10 (20X) : 2/10 . (20X) Ò/10 ■ V ?
DES 0 .2 mg/kg 3/10 (30Z) ! 10/10 (I00X )b 1 0  6 /9 (67X)b
DES 2.0 8/10 (80X)b 10/10 < l00X).b ’ - 9 /10  ‘ (90X)b 'j
DES 8 .0 9/10 (90X)b a/8 ÇI00X)* 4/9 (44X)
BP 0 0/10 COX)♦ 0/10 (OX) 1/10 C10I).
BP 50 ng/kg 1/10 C10X>• 1/10 (1ÖX) 3/10 (30X)
BP 200 0/10 (OX) 1 /  to (I0Z) 7/10 , (70X)* }jÇr
BP 400 .2 /1 0 <20X> . . . . 0 /10 (I0X) 2/10 C20X)

a — S ig n i f i c a n t ly 'd i f f e r e n t  from c o n tro l a t  p < 0 .05  by C h i-square  a n a ly s i s - o r  S tu d e n t 's  T - t e s t ;  
b — S ig n if ic a n t ly  d i f f e r e n t  from c o n tro l  a t  p < 0 .0 l  by C h i-sq u a re  a n a ly s is  o r S tu d e n t 's  T - t e s t .
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Tab Is. 6 “a l» o ' aujm safiids ¿h» « f f « c t ^ o f  ji* i^ ix p 6 * u r» ' in  -adu lt fem ale B«C|Ft mic«:. on' 
th e  jf re ^ iu v iY o f .P T B i t u m o r * ! - f c ^ c v i ^ i a ^ ^  le v e l  (5 x 10*) o f  cum o^'. , . . t .

^^3iO S ^ o f  'tu a o r  t ^ i  •
;  \  o c c ^ r  •d ^ f^ L c rv iiig “¿¿nor ¿ « i t^ c H ir f i ^ i ^ tn ^ b d c « ' adm in iitared - 8 .0  o r  2 .0  mg/kg ofV; ' ''*"." '" '-

DES. * Ttia'm aan la te n c y  in 'd a y *  to 'tu m o r  "d a ta c tio n  wax* n o t s ig n i f i c a n t ly  a l te r e d  in  
}. DES expcxad m lce. aor^ wea th«  (Bean; tu o o r v o li» e  (d a ta  n o t shown). L ikew ise', Table 6 ■.

s u o s i« £ 'i^ i ''c h a L le n g e 'a a d 'iD o rc il i ty ,* tu d ie x ; w ith  L is te r ia  in  mice fo llo w in g  DES- 
.exposuriT. ' .  Mice from, a l l  th re e  DES'-tre a tm e n t groups, dem onstrated  a s ig n i f i c a n t  

. • o r ta l i ty v * ip  < O .O I)."to a  i i j r t a i ^ ; c K a l l e n g e  dose o f organism s ch a t k i l l e d  o n ly  20Z /
, .. of_ th«\COli»-io£l t r e a te d  c o n t ro ls ': ' i i i e ‘m ean’la te n c y  to  d ea th  in  days was lik e w ise  ' ■ .

re d u c e d .- ia /th e  DES'“t r e a te d >‘g ro u p s ,w ith  a n ’ average la te n c y  o f from 4 .8  to  5 .4  days 
a r  co$pa£*d to . 8 . 0 'days’. in ~ th e ..c o n tro l g roup .

7 „  DES exposed an tm alaTw r e r a i i 3 f  s ig n i f ic a n t ly * ( p  < 0 .0 1 ) »ore s e n s i t iv e  to  a c h a lle n g e  
‘ dose o il  g ram -n eg a tiv e  en d o to x in ' (E* c c l i )  th an  were C ontro l mice (T able 6) w ith  a  
67.-90X. m o r ta l i ty ' f re q u e n c y , k  d o se -re sp o n se  p a t te r n  was n o t obse rved  s in c e  the  

. . ; h ig h e s t/D E S 'd o se  ^ 8 .0  E^/kg) 'fa ile d '^ tb 'd e m o n s tra te  s ig n i f i c a n t ly  in c re a se d  endo­
to x in  jaojr t a l i  ty.'^ /  ' . . . . . .

BP exposu re  f s i l e d  to  s l t e f  bo 'st r e s i s t a n c e ' t o  tumor c e l l  o r '-L ic te r ia  c h a lle n g e , 
a lth o u g h  in c r e a s e d  m o r ta l i ty  was o bserved  fo llo w in g  endo tox in  c h a lle n g e  (Table 6 ) .'* * - \ it ,#*^3» i 4* ;‘L k *’> , - La*.", i.*.- *-■> * • • * ,

i"-V..V 'Vh
' t: ^ ^ J ; , D i f e c o s s i 6 N ' ' ^

The* n a t io n a l  T oxico logy  ‘Program (NTP) i s  exam ining a v a r ie ty  o f  in  v iv o  and in  
v i t r o  app roaches as  w ell as th e  a p p l ic a t io n  o f new re se a rc h  d i s c ip l in e s * to  the  
f ie ld 'o £ . , td x ic o lo g y  f o r  th e  e v a lu a t io n s 'o f  chem icals o f en v iro n m en ta l concern .
.Issuno logy  r e p r e s e n ts  o n e 'o f  th e  d i s c i p l i nes th a t  t he NTP i s  employ ing  to  examine 
p o s s ib le  t a r g e t  o rg an  t o x i c i t y  as w e ll as g e n e ra liz e d  t o n e r t y  a t  th e  c e lL u ia rT h d  
bo le e u la r  l e v e l .  F u rth e rm o re , Che e f f e c t s  o f chem icals otTTioft“defen ce  to j 

, - t a c t t r i a l *  v i r a l ; f tm g s l and p a r a a i r t e  d is e a s e s  as  w e n  as th e  s u r v e i l la n c e  and 
■Z’ - ^ e ^ r o c t i o n  b f  tw o p la s rifd a lly  't r a h s f a m s d  c e l l s  are* s im u lta n eo u s ly  b e in g  e v a lu a te d /  

r I t  i*  o u r /g  oa l"; i  t h i i i k S f t o  _Jsy s  c e m a tic a lly  'app ly  th e  d i s c ip l i n e s  o f  immunology and '
“  m ic ro b io lo g y  in  a  com prehensive ¿ a r in e t 'to ''s tu d y  im m unotoxicity  and a l t e r e d  h o s t  ‘ ‘ .

-. ^_.. r e s i s ta a c k  aa v e T ll . 'a s / to /d e f in e  a p an e l o f  s e n s i t iv e * » s a y *  to  s c re e n  f o r  ch e m ie a l-
V i u d u c e d / c b a n g e s  i n  Icooiao lO gical srxl h o s t  r e s is ta n c e  p z ra m e te rs . E x te n s iv e

'  s tu d ie s /c o n d u c te d ;  a t'M U X S 'have .s u g g e s te d 'th a t  th e  ro u te  o f exposu re  as w e ll as
th e  t im e 'o f . e x p o « t ir e /r e la t iv e  to  th e  m a tu ra tio n s !  developm ent o f th e  isxoune'system  . 
shou ld  be o f  paramount" c o n s id e r a t io n 'i n  th e  d e s ig n  o f  e v a lu a tio n  p r o to c o ls .  S ev era l 
s tu d ie s  have  dem o n stra ted  t h a t  p r e - ’’a n d 'p o s tn a ta l  exposure to  c e r t a in  chem icals 
( e .g .  TCDD o r  DES) d u r in g  th e * m a tu ra tio n  o f  th e  thym us-dependen t‘e lem en ts  o f the  
isa u n e  system  o f te n  produces' m ore‘profound  issauno log ica l e f f e c t s  than  a d u l t  exposure 
(se e  rev iew  by F a i th  and c o w o rk e rs ) 'o r  produce L o n g -las tin g  e f f e c ts * th ro u g h  a d u l t  
life^O C A llan d . ‘ 1980b)-; * Thus.- th e  f ocus ' o f  th e  d i s c i p l i n e o f  imauriology on the  
e v a lu a t io n ''o f  c h e a l c t l ' t o x i c i t i e s  "m ay'prov ide b e n e t ic i a l  in fo rm a tio n  to  ¿ a c m t a t e  

'b e t t e r  Human r i s k  asaeli& tfiCT'
v*?' --

The e v a lu a tio n  o f  th e  "p ro to ty p e  chem icals h ig h lig h te d  h e re  s u b s t a n t i a te  th ese  
b e l i e f s  re g a rd in g  th e  im portance o f e v a lu a tin g  im u n o  lo g ic a l  p a ra m e te rs . Profound 
re d u c tio n  in  thymus w eig h ts  were observed  fo llo w in g  p r e /p o s tn a ta l  exposu re  to  TCDD 
and fo llo w in g  a d u l t  exposure to  DES a t  exposure le v e ls  which were no t o v e r t ly  to x ic  
by c l a s s ic a l ,  to x ic o lo g ic a l  p a ra m e te rs . A s l i g h t  d ec rease  in  body w eigh t gain  
o ccu rred  a t  th e  5 yg/lcg TCDD doaage group , but not the 1 ug/kg g roup , where normal 
l i v e r  w eigh ts  and serum c h e m is tr ie s  were found. These d a ta  s u b s t a n t ia te  p re v ious 
r e p o r ta  o f s e l e c t i v e  thymus a tro p h y  fo llo w in g  TCllu exposu re . R e ce n tly , t a r i s  ted  t -  
D ^ E T i r m y  re p o r te d  th e  p resence  o f a re c e p to r  Cor TCDD in  thymus t i s s u e  and l i v e r  
which was r e c e n t ly  confirm ed by Chae o f th i s  la b o ra to ry  and re p o r te d  h e r e .  The 
p resen ce  o£ th i s  r e c e p to r  may e x p la in  the s e le c t iv e  to x ic i ty  o f TCDD Cor thym ocytes.

I
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.A ssessm ent o f  Zsnsimo to x ic i ty  

a lthough  ,thc e x a c t lo c a t io n  o f  t h i s  r e c e p to r  s t i l l  aw a its  d e f in i t i o n . Síjgrdííjfcan t  ly. 
Thymus, h i  a to  lpgy-^taVaj ‘

<" W r T 'a *  : r n i r r  F V rtF iff is r~
reduced thymus w eigh ts .o c c u r re d .in  s l l  DES dosage groups

Q aev^S ¿ly icpho id  d e p t* t ; io a / ,o & t¿ r t lc a l  ireg io n *  in  ftps ':-a« a----- --- -------- w - -kl- , i?.
T flt a id -r jo t producá sL g u if ic a n i'th y m u i-  w eig h t l o s s ' o r  H is to lo g ic a l  « l t e r e t i p n ^ w t í i c h ' 

nay su g g est p r im a r ily  a  B ^cell d e f e c t  r a th e r  than T - c e l l  a l t e r a t i o n s . ' V
■ ... . . . \  .* ‘

• pnpe n i r rn v  ™ 1 I uLarl ry  «n¡j pr o g e n ito r  c a l l  (CFU-S and CFU-GHl Studij»a 'r» a iT ^ |V v  '
g e n e ra l h y p o c e l lu la r i ty  fo llo w in g  TCti&and DBS exposure  and hyper ce l Tul a r i t v ^ ^ -V-%. ^ ■ -ugenei

T O T:ollow ing  BP t r ea tm en t. In . the . c a se  o f  TCDD th e  f iy p o c e llu la r lty *  i s  probaEX^
'to  a d i r e c t  to x ic  e f f e c t  bn th e  p le u r a l - p o te n t i a l  stem  c e l l  s in c e  CFU-S’y a i u e s i ^ ’—-' 
were d e p re sse d , w h ile  CFU-GM c o lo n ie s  (g ra n u lo cy te /m acto p h ag e  p r o g e n i t o r ^ , 
in c reased '. In  c o n t r a s t ,  in  DES t r e a te d  m ice, bone marrow CFU-Oi m lo n ie i '-w a ta ife ^ .f^ ;/,■; 
d ep ressed  and a t  the  h ig h e s t  DES dose CFU-S c e l l s  were a ls o  d e p re sse d . .
caused in c re a se d  BH c e l ^ u l a r i t y  accom panied by d ep re ssed  CFU-S and C FU -tì ^ ^ a l e # > * ‘ ’V  
This o b se rv a tio n  aw a its  fu r th ’e r  d e f i n i t i o n .  Thus, BH c e l l u l a r i cy and prc^lì£tiórv:'r»v. 
c e l l  c lo n in g  ca p ac ity ; appear, to  r e p r e s e n t  s e n s i t iv e  en d p o in ts  f o r  i-snu n o to r i  c i t y  • 
e v a lu a tio n  e s p e c ia l ly  s in c e - ’iymphoid e lem en ta  a re  a  so u rce  o f  p ro l i f e re to ^ Y in d jV  
in h ib i to r y  f a c to r s  fo r  BM h em o sta s is  (H e tc a lf ,  1978) and a re  b e lie v e d  t o 'p r o v i d e r -. 
im portan t re g u la to ry  c i r c u i i*  whose a l t e r a t i o n s  a re  p ro b ab ly  r e f l e c te d  in  
c e l l u l a r i t y  and p r o g e n i to r ‘c e l l  l e v e l s .  ¡ '

:<* ‘ 
;■ >4>

DES trea tm e n t produced, a m oderate b u t s i g n i f i c a n t  re d u c tio n  in  th e  PFC re sp o n se '.to  
SRBC and an tib o d y  t i t e r  to  LPS. S ince  DES in d u ces M0 su p p re sso r  c e i l s  (L uster; and 
cow orkers, 1980) the  d ep re ssed  re sp o n se s  could  r e s u l t  from a l t e r e d  H0 fu n c tio n  o r 
a d i r e c t  a c t io n  o f . th e  su p p re sso r  c e l l s  on th e  AB p roducing  c e l l s .  In  c o n t r a s t ,
BP produced a d ram a tic  d e p re s s io n  in  IgM an tib o d y  FFCs to  th e  a n t ig e n s  SRBC".i75Z+) 
and LPS (£6X+). T his o b se rv a tio n  ex ten d s  th e  r e c e n t  o b se rv a tio n s  o f  Urso and 
Gengorian (I960) and e a r l i e r  r e p o r ts ' by o th e rs  t h a t  BP and o 'ther p o ly c y c lic  a ro ­
m atic hydrocarbons d ep re ss  the  an tib o d y  resp o n se  to  SRBCs (S tje rn sw a rd , 1965,-: 1966; 
B a ll ,  1970). ^. « s fú

Exam ination o f fu n c t io n a l  re sp o n se s  o f lym phocytes to  T - and B -c e ll  mitogens^, a rc  
b e liev e d , to  r e p re s e n t  b o th  an e s t im a tio n  o f  .T, B and n u l l  c e l l  le v e ls  as v o l l ’.aa -  
m onitor the fu n c t io n a l  i n t e g r i t y  o f  th e s e  p o p u la tio n s  (b ea n , 1979a). R ecenC '-studies 
in  cancer p a t ie n t s  have re v e a le d  th e  im portance o f  th e  LF a s sa y  in  th e  imauno lo g ic a l  
s ta g in g  o f can ce r p a t ie n t s  r e l a t i v e  ro  s u r v iv a l  and re c u rre n c e  o f tumor (Cannon-and 
cow orkers, 1980). The s ig n i f ic a n c e  o f  c h e m ic a l- in d u c e d 'a l te r a t io n s  in  f u n c t io n a l .
LP responses and the lo n g -te rm  consequence or suca im pairm ents a w a its  ¿further»" ■ 

'd e f in i t i o n ,_„S tud ies w ith  TCDD exposed w e a n lin g s 'su g g e s te d  more se v e re ly , d ep ressed
lan » - c e l l  fu n c tio n s .  Hare d e t a i l e d  s tu d ie s  (L u s te r  and co -workers' ,'^T? 80a) 

rev ea led  ch a t th e  d ep ressed  re sp o n se s  to  T - c e l l  m itogens was due to  an i n t r i n s i c  
d e fe c t and no t r e la te d  to  su p p re sso r  c e l l  a c t i v i t y  s in c e  th e se  c e i l s  f a i le d ,  to  
t r a n s f e r  d ep ressed  resp o n ses  in  c o - c u l tu r e .

The ex p re ss io n  o f su p p re sso r  a c t i v i t y  from  a d h e re n t c e l l s  in  DES c re a te d  mice may 
be r e f le c te d  in  enhanced m acrophage c y to * ta x is  o c c u r r in g  in  TIES exposed mic*e.-.‘;\Y* 
Recent s tu d ie s  dem onstra ted  th a t  in d u c tio n  o f  a d h e re n t su p p re ss o r  c e l l  a c t i v i t y - '  
r e s u l t s  from th e  s t im u la tio n  o f  c y c l i c  n u c le o tid e s  by p ro sT ag la n d in s  which è s t r o -  
gens have been shown Co o f te n  mimic (Webb and Jam ieson , 1976; Weissman and co­
w orkers, 1975).

Phren (1963) observed cha t to p ic a l  a p p l ic a t io n  o f p o ly c y c lic  a ro m a tic  hydrocarbons 
prolonged t r a n s p la n ta t io n  r e je c t i o n  o f a l l o g r a f t s .  The ro u te  of exposure o r dose 
of BP employed may e x p la in  the f a i l u r e  o f BP to  s ig n i f i c a n t ly  a l t e r  h o s t  r e s i s ta n c e  
in our s tu d y , s in ce  BP seemed to  a l t e r  p r im a r i ly  B -c e ll  re sp o n ses  ( i . e .  an tibody  
fo rm a tio n ), but no t T -c e l l  re sp o n se s .

We observed in c re ase d  m o r ta l i ty  fo llo w in g  Lift teri.n  r h a l l e n  gft in  TCDD and DES 
exposed mir e  BP d id  n o t a l t e r  L i s t e r ia  s u s c e p t i b i l i t y .  The in c re a se d  m o r ta l i ty

c
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observed fo llo w in g  DES was .a s s o c ia te d  w ith-a; s i g n i f i c a n t  in c re a s e  in  Che number o f 
v ia b le  L i a t  a r ia  l a  th e  sp le e n s  e n d ; l i y e r i .  a t  4 -day*. (Dean and co-w orker* . I9 6 0 ), a 
tic?* when T -c e l i*» iaaaixrity• ie^cbo^gfay^C^^ecfaxpT^ *  *ed ^ (T rip a th y  end  Mackane*s,->4969)',y 

* b i t  b a c te r ia l .  cotmca v e re  e iM ila r 'to r f io h c r o i  m ic a 's c  day 1, a c in e  when Hfl a re
thought to  e x e r t  t h e i r  g r e a t e s t  e f f e c t . '  T h e s e 'd a ta  s u g g e s t- th a t  th e  in c re a se d __

X i a t e r t a - s u s c e p t i b i l i t y  found fo llo w in g  TCPD and DES exposure r e s u l t*  iro n  a T-oeXL
d e f e c t s  • In  p rev io u s  s tu d i.e s  Thigpen- aod>co-vorfcer7 T i s T r a  erved in c re a se d  

; M o r ta l ity  fo llo w in g  S a lm o n ella  c h a lle n g e - In  TCDD exposed B ic e , a  f a c t  which some 
f* e l  cou ld  be r e la te d  t o 1th e  in c re a s e d  s e n s i t i v i t y  o f  th e se  mice to  g ra a rn e g a tiv e  
en d o to x in . L ik ew ise , K e l le r  ( I 9 6 0 ) : found t h a t  s y n th e t ic  e s tro g e n s  in c re ase d  
p h ag o c y to s is , b u t th a t  enhanced*phagocy tosis  d id  n o t p r o te c t  a g a in s t  m ic ro b ia l 
i n f e c t io n .  In c o n t r a s t ,'N ico l a n d .cow orkers (1964) found c h a t OES s tim u la te d  
p h ag o cy to sis  and p ro longed  c u r v i r a l 'o f  Swiss mice a g a in s t  Pnetanococcus type' I  and 
P a s te u re lla  s e p t io a .  Immunity to-.ft*m&oaoaous i s  th o u g h t to  be T -c e l l  independent 

'w h ich  may p a r t i a l l y  e x p la in  th e  p re v io u s  r e s u l t s  sod th e  p o s s ib le  c o n f l i c t  w ith  
' d s ta  re p o r te d  h e r e .  THU«; th e  iamaino lo g ic a l  d e f e c t  which r e s u l t s  in  in c re ase d  

s u s c e p t i b i l i t y  to  L is ta r ta  following-TUDQ otc u ts  exposure  .s t r o n g ly  im p lic a te s  a T- 
ceLL d e f e c t  which ifl 'BUppOgCfea py fu n c t io n a l  assay s  o f  T - c e l l s .

lutaor s u s c e p t i b i l i t y  s t u d i e s ' fo llo w in g  c h a lle n g e  w ith  5 * tO1 'V ia b le  syngeneic PYB6 
tumor c e l l s  re v e a le d  th a t  n o n - t r e a te d - a d u l t  B«CaF i -mice r e s i s t e d  tumor fo rm ation  
w ith  o n ly  a  10-201 freq u en cy  o f tum or--form ation. '- I n  c o n t r a s t ,  mice exposed to 
TCDD in  u te r o  o r  DES a s  a d u l ts  had a 'tu m o r freq u en cy  o f up*to  60Z fo llo w in g  TCDD 
and up - to  90Z fo llo w in g  DES exposure .- - In  «11 ca se s  th e  tumors w ere p ro g re s s iv e  . 
and r e s u l te d  in  d e a th .  BP d id  n o t  a f f e c t  th e  freq u en cy  o f tumor ta k e s  fo llo w in g  
c h a lle n g e  in  th is 'm o d e l.

* .b' . -. - -The mechanism by w hich th e  unim aunixed h o s t  can  r e s i s t  curior o r  a l l o g r a f t  c h a lle n ge
i s  b e lie v e d  to  in v o lv e  "imaune s u r v e i l la n c e "  aecKaniams r e q u ir in g  immunocompetent 
’«hjflgH -Be pendent lym phocytes _(T -c e l I s  1 end m acrophages IB u rn e t. 1970). ¿o th  fCDB /  f  
and pks have been shown tcto  a l t e r  T - c e l i  immunocoopetence in  t h i s  r e p o r t . / /
P rev ious s tu d ie s  (C ass , 1964) i n  b o th  m ale and' fem ale C3H.mice dem onstrated  a 
s ig n i f i c a n t l y  in c re a se d  d o s e -^ e la te d - 'in c id a n c e  -of masmax7 <-tumors fo llo w in g  DES 
ex p o su re . The in c id e n c e  o f  mansaary-*tumors fo llo w in g  DES was enhanced over DES 
alone by r a d ia t io n  exposu re  (S e g a lb o ff  and K ax fie ld ,^  1971), a n o th e r  ag e n t which 

- a l t e r s  T - c e l l  fu n c tio n .  In  a l a t e r  r e p o r t .  Case end co -w orkers (1974) dem onstrated  
a req u irem en t f o r  im irine mammary tumor "v irus (HKTV) f o r  - the matinary tumor in d u c tiv e  

■ e ffe c ts -o f  DES.--'*-'- '■ ••--r-'w*. *-■ - - ; .-.i-».-- .

BP exposure f a i l e d  to  a l t e r  s u s c e p t i b i l i t y  to  L is te r ia  which i s  c o n s is c e n t w ith  
p r im a r ily  a B -c e ll  d e f e c t .

S e n s i t iv i ty  to  g ram -n eg a tiv e  en d o to x in  was a p p a re n tly  in c re a se d  fo llo w in g  exposure 
to  a l l  th re e  c h e ts ic a ls .  These d a ta  su g g e s t t h a t - t h e  d e t o x i f i c a t i o n  o f LPS i s  
r e la te d  to  a n * in ta c t  Md p o p u la tio n  -end p o s s ib ly  aven r e q u i r in g  B - c e l ls .

The d a ta  p re se n te d  h ere  d e m o n s tra te - th e  s e n s i t i v i t y  o f th e  im sune system  and th e  
a s sa y  p ane l proposed  fo r  d e te c t in g  c e l l u l a r  t o x i c i t y .  . /^ I te ra t io n  o f  T -c c l l  fu n c tio n  
appeared to  c o r r e la te  w ith  in c re a se d  s u s c e p t i b i l i t y  to  b a c te r i a l  and tumor c e l l  

1 »"ft-*-, S tu d ie s  to  c o r r e la te  b e tw een -asaay s o f lym phocyte fu n c tio n  and h o s t 
r e s is ta n c e  a re  c u r r e n t ly  in  p ro g re s s .
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