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Polychlorinated Biphenyl-Induced Modification of Lymphocyte Response to Plant Mitogens in Rats ~ 
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Summary. I n  P C B - t r e a t e d  r a t s  t o t a l  wh i t e  cell a n d  d i f fe ren t ia l  coun t s  and  l y m p h o c y t e  p ro l i fe ra t ive  response  to P W M  
were una l t e red .  The  l y m p h o c y t e  response  to  P H A  was  increased  in t r e a t e d  animals .  

P o l y c h l o r i n a t e d  b ipheny l s  (PCBs) are widespread  
e n v i r o n m e n t a l  c o n t a m i n a n t s 3 ,  4 a n d  acc iden ta l  h u m a n  
exposure  to  large a m o u n t s  has  occur red  5. Severa l  s tudies  
i nd i ca t e  t h a t  PCBs  m a y  be  immunosuppres s ive* .  Thus  
in r abb i t s*  a n d  guinea-pigs  7 PCBs  induced  t h y m i c  
a t r o p h y  a n d  l ymphopen i a .  Guinea-pigs ,  t r e a t e d  w i t h  
PCBs  showed suppress ion  of b o t h  h u m o r a l  and  cell- 
m e d i a t e d  i m m u n i t y  L 

I t  is genera l ly  accep ted  t h a t  t h y m u s - d e p e n d e n t  (T) 
l y m p h o c y t e s  are respons ib le  for ce l l -media ted  i m m u n i t y  
a n d  t h a t  b u r s a - d e p e n d e n t  (B) l y m p h o c y t e s  are  a n t i b o d y -  
p roduc ing  cellsK In  t he  mouse  a n d  m a n  p l a n t  m i togens  
in t he  soluble fo rm s t i m u l a t e  l y m p h o c y t e  t r a n s f o r m a t i o n ;  
p h y t o h e m a g g l u t i n i n  (PHA) s t imu la t e s  T cells a n d  poke-  
weed mi togen  (PWM) s t i m u l a t e s  b o t h  T a n d  B ceils 9. W e  
the re fore  e x a m i n e d  t he  effects of PCBs  in rats" u p o n  
l y m p h o c y t e  responses  (~H- thymid ine  i n c o r p o r a t i o n  in to  
DNA) to  P H A  a n d  PWM.  

Materials and methods. Aroclor  1254, a PCB  m i x t u r e  
c o n t a i n i n g  54% b y  we igh t  of chlor ine ,  was a d d e d  to  
powdered  P u r i n a  R a t  Chow to  give a c o n c e n t r a t i o n  of 
250 mg/kg.  Male Sp rague -Dawley  r a t s  (260-340 g) were 
f ed  P u r i n a  Chow, w i t h  or w i t h o u t  PCB,  for 7 days.  2 ml  
b lood  was d r a w n  u n d e r  l igh t  e t h e r  anes thes i a  a n d  ster i le  
cond i t ions  f rom a n  e x t e r n a l  jugua l  ve in  a n d  mixed  w i t h  
20 U h e p a r i n  before  and  a f t e r  t he  7 d a y  period.  T he  alli- 

m a l s  were t h e n  ki l led a n d  t h e  l ivers  a n d  t h y m u s e s  were 
weighed.  

L y m p h o c y t e  responses  to  P H A  a n d  P W M  were de te r -  
m i n e d  as descr ibed  in de ta i l  e lsewhere  (Boi~i~YNS a n d  
MClKENZlE, in p repa ra t ion ) .  I n  brief,  25 ~xl samples  of 
hepa r in i zed  b lood were added  to  ster i le  po lys ty rene  
t ubes  c o n t a i n i n g  550 ~1 of t i ssue  cu l tu re  m e d i u m  (RPM 
11640, Gibco,  G r a n d  Is land ,  N.Y.) and  penici l l in  (100 U /  
ml) a n d  S t r e p t o m y c i n  (50 ~zg/ml). P H A  (Difco L a b o r a t o -  
ries, Det ro i t ,  Mich.) 1 or 4 mg/ml ,  or P W M  (Gibco) 50 or 
250 ~g/ml  (final concen t ra t ions )  were added  j u s t  before 
t he  s t a r t  of i ncuba t ion .  T he  t ubes  were i n c u b a t e d  a t  
33-34~  for 24 h (PHA) or 5 days  (PWM) ; t h e n  0.5 ~Ci 
3 H - t h y m i d i n e  (New E n g l a n d  Nuc lea r  Corp., Bos ton ,  
Mass.,  2 Ci /mmole)  was added  a n d  i n c u b a t i o n  was 
c o n t i n u e d  for  a n o t h e r  24 h. E r y t h r o c y t e s  were lysed w i t h  

dis t i l led w a t e r  a n d  l eukocy tes  were col lected on  Mil l ipore 
f i l ters  (Millipore Corp.,  Bos ton ,  Mass.). The  D N A  in t he  
t r a p p e d  cells was  p r e c i p i t a t e d  w i t h  t r i ch lo race t i c  acid, t h e  
f i l ters  were dissolved in 1 ml  of e thy lene  glycol m o n o m e t h y l  
e the r  and  12 ml  of B r a y ' s  so lu t ion  was  added.  R a d i o a c t i v i t y  
(dpm) was d e t e r m i n e d  in a l iqu id  sc in t i l l a t ion  c o u n t e r  
w i t h  a u t o m a t i c  q u e n c h  correc t ion.  All va lues  were t h e  
m e a n s  of t r ip l ica tes .  

T o t a l  s e rum p ro t e in  c o n c e n t r a t i o n  a n d  p a p e r  e lectro-  
phores is  of s e rum p ro t e ins  were d e t e r m i n e d  b y  conven-  
t i o n a l  t e c h n i q u e s  in 5 n o r m a l  s e rum pools  f rom 4 r a t s  
each  a n d  in 1 s e rum pool  f rom the  P C B - t r e a t e d  an imals .  

Results. Table  I shows t h a t  b o d y  we igh t  was  s imi la r  in 
b o t h  groups  of rats .  L ive r  we igh t  was  increased  b y  a b o u t  
60~o in t he  P C B  group.  T h y m u s  we igh t  was  s imi la r  in  
b o t h  groups,  b u t  w h e n  re l a t ed  to b o d y  we igh t  was  r educed  
in P C B - t r e a t e d  ra ts .  

T o t a l  wh i t e  cell c o u n t s  were  s imi la r  in con t ro l  (6670 
143/mma;  m e a n  • SD) a n d  P C B - t r e a t e d  (6170 -4- 139) 
ra ts .  The  d i f fe ren t ia l  c o u n t s  (90% l y m p h o c y t e s  a n d  10% 
neu t roph i l s )  were iden t i ca l  in b o t h  groups.  

Tab le  I I  shows l y m p h o c y t e  responses  to  P H A  a n d  
PWM.  I n  t he  con t ro l  g roup  t h e r e  was no  dif ference in 
responses  b e t w e e n  t he  f i r s t  a n d  second b leed ing  (paired 
t- test) .  B u t  in  t h e  PCB group  t h e  response  to  P H A  1 rag/  
ml  was g rea te r  a f t e r  t r e a t m e n t  (paired t- test) .  Th i s  was  
also a p p a r e n t  w h e n  t h e  responses  to  P H A  1 m g / m l  in t h e  
second  b leed ing  of t he  P C B  group  was c o m p a r e d  to  t he  
con t ro l  g roup ;  in t h i s  i n s t ance  t he re  was also a signi-  
f i c an t l y  g rea t e r  response  to P H A  4 m g / m l  in t he  PCB 
group.  On t h e  o t h e r  h a n d ,  PCB did  n o t  in f luence  t h e  
response  to  PWM.  

T o t a l  s e rum p ro t e in  and  ~1,- e2- a n d  y-globul in  f r ac t ions  
were r educed  in P C B - t r e a t e d  ra ts .  The  va lues  in  t h e  pool  
of s e rum (g/100 ml) f rom t r e a t e d  r a t s  w i t h  n o r m a l  r anges  
in p a r e n t h e s e s  are :  t o t a l  p ro t e in  6.4 (6.7-7.8), a l b u m i n  
2.98 (2.90-3.45),  ~ g lobul in  1.25 (1.30-1.67), ~2 g lobul in  
0.44 (0.47-1.20), f l-globulin 1.32 (1.13-1.39),  y -g lobul in  
0.28 (0.38-0.58). 

Discussion. The  increase  in l iver  we igh t  in P C B - t r e a t e d  
r a t s  conf i rms  p rev ious  o b s e r v a t i o n s  3, 4 a n d  ind ica tes  t h a t  
t he  P C B  was  exe r t i ng  bi logical  effects  desp i te  t h e  re la t ive -  
ly  s h o r t  pe r iod  of a d m i n i s t r a t i o n .  B o d y  we igh t s  were 

Table I. Effect of PCB on body, liver and thymus weights 

Group 

Weight Control PCB p a 

Body (g) 291 • 22 299 • 22 NS 
Gain in weight (g) 22 4- 9 17 :E: 10 NS 

Liver (g) 11.8 ~ 1.6 18.9 • 1.8 < 0.001 
g/100 g 4.0 ~= 0.3 6.3 -4- 0.8 % 0.001 

Thymus (mg) 651 4- 80 517 ::~ 137 NS 
mg/100g 224 -4- 26 173 :t- 44 < 0.05 

Each value is the mean ~= SD of 5 animals. �9 Student's t-test. 
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Table II. Effect of PCB on ~ incorporation (dpm • 10 -5) into DNA by mitogen-stimulated lymphocytes 
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Mitogen Control p �9 PCB p a 

1st bleed 2nd bleed 1st bleed 2nd bleed 

PHA (1 mg/ml) 25.31 -4- 16.58 47.64 ~ 12.06 NS 21,11 -1- 15.36 70.93 =[2 12.90 b < 0.005 
(4 mg/ml) 54.73 :t= 18,84 60.56 • 8.17 NS 64,81 • 32.25 87.26 ~ 23.73 b NS 

PWM (50[Xg/ml) 13.84 _u 6,61 20.73 ~ 6.52 NS 14,44-4-  7.66 18.88 • 7.01 NS 
(250~xg/ml) 14.21 -4- 2.23 15.22 zt= 4.44 NS 10.29 ~ 5.67 12.81 q- 2.82 NS 

Each value is the mean -1- SD of 5 animals. ~Student's t-test for paired differences; bp < 0.05 vs second bleed controls (Student's t-test). 

s imilar  in contro l  and  t r e a t e d  rats ,  which  t ends  to rule 
out  non-specif ic  effects  re la ted  to  cachexia  or stress.  
T h y m u s  weight  was  reduced  in t he  PCB group,  in keeping  
wi th  previous  observa t ions  6,~ and  suggest ing possible 
immunosuppress ion .  

L y m p h o c y t e  responses  to  P H A  and  P W M  are of ten  
used in h u m a n  and  animal  s tudies  as indices of cell- 
med i a t ed  i m m u n i t y  and  a n t i b o d y  p roduc t ion  1~ In  our 
expe r imen t s  the  response  to  P H A  was  unexpec t ed ly  
enhanced  in l y m p h o c y t e s  f rom P C B - t r e a t e d  rats .  At  
f i rs t  glance th is  seems to  be a t  Variance wi th  t he  r epo r t  b y  
V o s  and  VAN DRIEL-GRooTENHUIS :, who showed sup- 
press ion of ce l l -media ted  i m m u n i t y  in PCB- t r ea t ed  guinea-  
pigs b y  de layed  hype r sens i t i v i t y  skin reac t ions  to tuber -  
culin. However ,  our d a t a  need  no t  necessar i ly  be con t ra -  
dic tory.  Allergic skin reac t ions  and  l y m p h o c y t e  t rans -  
fo rma t ion  in response  to P t I A  need  no t  necessar i ly  
correlate  n .  Moreover,  in guinea-pigs t r e a t ed  wi th  cyclo- 
phosphamide ,  a well recognized suppressor  of cell- 
mediated immun i ty ,  the  l y m p h o c y t e  response  to  P H A  
was no t  suppressed  ~2 and  in some pa t i en t s  t r e a t e d  wi th  

cyc lophosphamide  the  prol i fera t ive  response  of l ympho-  
cytes  to P H A  was increased~a. Two possible  mechan i sms  
for th is  pa radoxica l  effect  were sugges ted  ~3, f i rs t  a 
select ive deple t ion  of ]3 l y m p h o c y t e s  no t  ac t iva t ed  by  
P H A  and  an increase in t he  T:]3 ra t io  and  secondly  a 
non- le tha l  in jury  of P H A  responsive  lymphocy tes ,  w i th  
the  enhanced  prol i fera t ive  response  ref lect ing chromo-  
somal  repair .  Similar  mechanism(s)  m a y  be responsible  
for the  enhanced  l y m p h o c y t e  response  to  P H A  in PCB- 
t r e a t ed  rats .  Thymic  a t r o p h y  and  hypogammag lobu l ine -  
mia  in PC]3- t rea ted  animals  ce r ta in ly  do suggest  im- 
munosuppress ion .  
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Summary. The  serum IgE  levels measured  b y  R I S T  corre la ted  closely w i th  those  ob ta ined  by  the  single r ad io immuno-  
diffusion me thod .  Values for h u s b a n d  and  wife were closely re la ted  as were those  be tween  fa the r  and  daugh te r  b u t  in 
con t ras t  to  previous  obse rva t ions  no s ignif icant  re la t ionship  exis ted  be tween  IgE  levels for mo t h e r  and  son. 

The popu la t ion  of Bussel ton,  a small  rural  t o w n  in 
Wes t e rn  Austral ia ,  has  been  sub jec t  since 1960 to mass  
hea l th  examina t ion  surveys  a t  th ree  year ly  intervals .  
Since the  popu la t ion  is re la t ive ly  s ta t ic  for m o s t  of the  
t ime  and  only  res ident  families are included in t he  survey  
th is  would there fore  appear  to  be an ideal s i tua t ion  in 
which  to  examine  m a t t e r s  of epidemiological  interest .  

TURNER, ROSMAN and  O'MAHONY 2 r epo r t ed  the  pre-  
valence of as thma,  h a y  fever  and  eczema in the  Busse l ton  
school chi ldren aged 6 to  17 years  who were  in te rv iewed  
dur ing  the  Spr ing of 1970. T h e y  also assayed serum I g E  
levels in 1,069 of t he  chi ldren and  re la ted  the  se rum I g E  
levels to t he  prevalence  of allergic disease. As an t i c ipa ted  
f rom the  resul ts  of o the r  s tudies  a-5 e leva ted  se rum I g E  
levels corre la ted  well (p < 0.001) w i t h  t he  incidence of 
allergic disease. Ev idence  was  p resen ted  for an inher i tance  
p a t t e r n  of b o t h  a s t h m a  and h a y  fever  and  genet ic  factors  
were also sugges ted  by  correla t ion of se rum I g E  levels. 
I t  appea red  t h a t  these  were sex- l inked in t h a t  mo the r s '  
I g E  values  corre la ted  more  closely w i th  t h a t  of the i r  sons 
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