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Kathy K. C l a rk  

U n i v e r s i t y  of  Sew Hampshire,  December,  1SEC

The a a j c r  o b j e c t i v e  c f  t h i s  r e s e a r c h  was t c  i n v e s t i g a t e

the r e l a t i v e  c o n t r i b u t i o n  of  q e n e t i c s ,  n u t r i t i o n a l

r e s t r i c t i o n  and t h e  q e n e t i c s  by n u t r i t i o n a l  r e s t r i c t i o n

i n t e r a c t i o n  upcn R e t s  sarcoma v i r u s  (ESV)-ind uced tumor

development  i n  c h i c k e n s .  Two g e n e t i c  sys tems  were used.

The f i r s t  i r v c l o v e c  ar  i nb red  l i n e  and a noninbred  l i n e  o f

c h i ck ens .  The second u t i l i z e d  T2 g e n e r a t i o n  progeny from a

c ro s s  o f  l i E e s  6-1 acd 15-1,  h i g h l y  i n b r ed  l i n e s  o f  Hhi te

l egh o r ns  from the  Begiona l  E o u l t r y  Research  La bo ra to ry  of

t h e  Uni ted s t a t e s  Depar tment  of  A g r i c u l t u r e  a t  Eas t  Lans ing ,

f l ichiqan.  These c h i c k e n s  had been blood typed  f o r

a l l c a n t i g e n s  coded f o r  by genes  of  the  major

h i s t c c o i u p a t i l i b i t y  complex and were of  two genotypes— £2fi2

a rd  B5£5. Four -week-old  c h i c k e n s  were e i t h e r  f u l l - f e d  o r

r e s t r i c t e d  t c  60% of  the feed consumed ty f u l l - f e c  c h i c k e n s

of t h e  same age .  Tvc weeks a f t e r  be ing  p laced  on

e x p e r i m e n t a l  r a t i o n s ,  ch i ck en s  were i n o c u l a t e d  wi th RSV-1.
x



aumcrs were s co red  su b - j e c t i v e ly  f o r  s i z e  s e v e r a l  t imes  

dur ing a 10 week F e r i c c .

F o r t y  p e r c e n t  n u t r i t i o n a l  r e s t r i c t i o n  de l ayed  the  

appearance  c f  t u ne r  arc  reduced t u ne r  s i z e  a t  2 and 3 weeks 

p c s t - i n o c c l a t i c n  (FI ) . E genotype  p rofound ly  i n f l u e n c e d  

t un e r  s i z e .  J2B2 c h i c k e n s  had s m a l l e r  tumors  between 3 and 

10 weeks PI t h an  d id  c o r r e s p o n d i n g  £5.g5 c h i c k e n s .  S i m i l a r  

tc  40% r e s t r i c t i o n ,  5C% r e s t r i c t i o n  de layed  tumor fo r m a t io n  

and r e t a r d e d  e a r l y  turner growth.

N u t r i t i o n a l  r e s t r i c t i o n  may be r e t a r d i n g  i n i t i a l  tumor 

growth by two p o s s i b l e  mechanisms:  (1) r u t r i t i c n a l

d e p r i v a t i o n  may i n h i b i t  a n t i b o d y  p r o d u c t i o n ,  i n c l u d i n g  

b locking  a n t i b o d y ,  and enhance  c e l l - m e d i a t e d  immuni ty ,  

r e s u l t i n g  i n  i n h i b i t e d  tumor growth,  o r  (2) r a p i d  tumor 

growth i s  r e s t r i c t e d  due t c  a l i m i t e d  supply  of n u t r i e n t s  t o  

the ca nc e r  c e l l s .  For ty  p e r c e n t  r e s t r i c t i o n  did  not  e x e r t  

an e f f e c t  c r  i nauncccnpe t ence  ba sed  upon a n t i b o d y  p ro duc t i on
T?"

t c  sheep e r y t h r o c y t e s  and p h y t o h e m a g l u t i n i n - s t i m u l a t e d  

lymphocyte b l a s t c g e n e s i s  as  measures  of c e l l - m e d i a t e d  and 

humeral  immuci ty ,  r e s p e c t i v e l y .  Ihus a l i m i t e d  supply  of  

n u t r i e n t s  may r e t a r d  i n i t i a l  turner growth.



I .  I N T E C D U C  TI CN

Each year  i n  t he  Uni ted  S t a t e s ,  t h e r e  a r e  more than 

615,000 new ca se s  cf c a nc e r  and ab ou t  315,00 d e a t h s  c aused  

by i t  (Boyd, 1578).  The more common c a n c e r s  a r e  l a r g e l y  'due 

t c  env i ronm en ta l  f a c t o r s ;  however,  t h e r e  i s  i n c r e a s i n g  

evidence  t h a t  c e n e t i c  c h a r a c t e r i s t i c s  p r ed i spose  i n d i v i d u a l s  

tc  some forms of  c a n c e r ,  in  p a r t i c u l a r  r a r e  ch i ldhood  

canc e r s  (Emery, 1578) .

The proposed e t i o p a t h o g e n e s i s  o f  t he  major  d i s e a s e s  

a f f l i c t i n g  i n d n s t r a l i z e d  humankind ( a r t e r i o s c l e r o s i s ,  

c ance r s ,  a d u l t - c n s e t  d i a b e t e s )  i n c r e a s i n g l y  r e l a t e  to  

d i e t a r y  v a r i a b l e s  (Weindruch «=t j i l . ,  1579) .  Moreschi  (1909) 

ard Bous (19 14) were t he  f i r s t  t o  r e p o r t  a marked d e c r e a s e  

ir. i n c i d en c e  and growth o f  spon t a neo us  and t r a n s p l a n t e d  

ma l ignanc i e s  i n  mice f ed  r e s t r i c t e d  d i e t s .  B u t r i t i o n a l  

d e p r i v a t i o n  h a s  s i n c e  been r e p o r t e d  t o  i n c r e a s e  r e s i s t a n c e  

t c  tumor growth f o r  many tumor t y p e s  i n  mice (White and 

Andervont ,  1943; Saxton §±  . a l . , 1944) ,  r a t s  (Rcss and B r a s ,  

1S65) and c a t t l e  (Anderson s i  aJL« • 1970).

Rous sarcoma r e g r e s s i o n  i n  c h i c k e n s  i s  i n f l u e n c e d  by

s t r a i n  (C o t t e r  e t  a l .  , 1973) and s e l e c t i o n  (Gyles and Brown,

1571; C a r t e  jgJ a l .  , 1972).  C c l l i n s  e t  aj,. ( 1977) showed

t h a t  a major  cene (s) w i t h in  or  c l o s e l y  l i n k e d  to  t h e  B blood
1



2

group-major  h i s t o c o m p a t i b i l i t y  complex had a majcr  e f f e c t  

upon the a b i l i t y  cf c h i c k e n s  to r e g r e s s  Eors sarcoma 

v i r c s - i n d uc ed  sarcomas.  In t h i s  sys tem,  amcnc t he  F2 

s e q r e g a n t s ,  J32B2, B2B5 and B5B5, the pe r cen t age  of  ch i ck en s  

dyinq of  turner (fcy 10 weeks p c s t - i n c c u l a t i o n )  was 5, 26 and 

92, r e s p e c t i v e l y .  This  system i s  i d e a l l y  s u i t e d  t o  

i n v e s t i g a t e  t he  e f f e c t  o f  n u t r i t i o n a l  r e s t r i c t i o r  and t he  

i n t e r a c t i o n  c f  g e n e t i c s  and n c t r i t i o n a l  r e s t r i c t i o n  upon 

tumor deve lopment ,  i n c l u d i n q  tumor r e g r e s s i o n .

O b j e c t i v e s

1. I n v e s t i g a t e  t he  r e l a t i v e  c o n t r i b u t i o n  of  g e n e t i c s  

ard n u t r i t i o n a l  r e s t r i c t i o n  upon Rous sarcoma v i r u s - i n d u c e d  

tumor development .

2 .  I n v e s t i g a t e  t h e  e f f e c t  of  l e v e l  c f  r u t r i t i o n a l  

r e s t r i c t i o n  imposed and cf d u r a t i o n  of  n u t r i t i o n a l  

r e s t r i c t i o n  p r i o r  t o  Fous sarcoma v i r u s  i n o c u l a t i o n  upon 

tumor development .

3 .  I n v e s t i g a t e  t he  e f f e c t  o f  j* genotype  ard of  l i n e  

upon t h e  de layed  w a t t l e  r e a c t i o n  a s  an i n  vivo measure o f  

c e l l - m e d i a t e d  immunity.

4.  Study t he  e f f e c t  o f  n u t r i t i o n a l  r e s t r i c t i o n  upon 

the l e v e l  of  humoral  and c e l l - m e d i a t e d  immuni ty.



I I .  REVIEW OF IHE IITE EAIORE

N u t r i t i o n  and Cancer 

There  i s  i n c r e a s i n g  e p i d e m i o l o g i c a l  ev idence  t h a t  

n u t r i t i o n  p l ays  a d c n i na n t  r c l e  i n  the  p a t h o g e n e s i s  o f  

s e v e r a l  t y p es  of human cancer  (Wynder, 1976) .  Of p a r t i c u l a r  

i n p o r t a n ce  a re  da ta  i n d i c a t i n g  t h a t  o v e r n u t r i t i o n  

s i g n i f i c a n t l y  a f f e c t s  t h e  development  of  c e r t a i n  c a n c e r s  

i n c lu d i ng  ca n c e r s  of t h e  c c l c n ,  p a n c r ea s ,  k id ne y ,  b r e a s t ,  

ovary,  endometrium and p r o s t a t e .  Except  f o r  c an ce r  o f  the 

endometrium and k idney  c a n c e r  i n  women, t h e r e  i s  no 

s i g n i f i c a n t  r e l a t i o n s h i p  t o  o b e s i t y  {Wynder g t  g l .  , 1966,

1974). B a t h e r ,  t h e  development  of  c a nc e r  i n  man appea r s  to 

be r e l a t e d  t c  an e x c e s s i v e  i n t a k e  o f  c e r t a i n  r u t r i e n t s ,  

r a t h e r  t h an  c a l c r i c  ex ce s s  t e r  se (Wynder, 1976).

a any d i v e r s e  t ypes  cf  neoplasms respond t o  p r o t e i n  

and/or  c a l o r i e  d e p r i v a t i o n  by a r e d u c t i o n  i n  tumor i n c i d e n c e  

and a d e l a y  i n  a ppe a ra nc e :  spo n t an eou s  mammary carcinoma

llannenbaum, 1942, 1945b; V i s sc he r  e t  a l . . , 1942; whi te  and 

White,  1944) ,  s k i n  tumors induced by c a r c i n o g e n i c  

hydrocarbons  (Tannenbaum, 1942, 1945a) o r  u l t r a v i o l e t  l i g h t  

(Busch e t  a l .  , 1945b) ,  i nduced sarcoma (Tannenbaum, 1942; 

Rusch e t  g 1 . ,  1945a) ,  spont aneous  hepatomas (Tannenbaum and

S i l v e r s t o n e ,  1949b) and induced leukemia  (White ,§t a 1. .
3
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1944)— a l l  o f  the  mouse; and lymphosarcoma a rd  induced  

mammary carc inoma (Dunning e t  a l . , 1949) of r a t s .

However,  the i n f l u e n c e  cf p r o t e i n  a n d / o r  c a l o r i e  

r e s t r i c t i o n  cn i n c i d en c e  and grcwtk of  tumors i n  

e x pe r im en t a l  an imal s  appea r s  to  be dependent  cn the  t i s s u e  

o r i g i n ,  type  and mal ignancy of the tumor a s  wel l  as on t h e  

degree o f  r e s t r i c t i o n  imposed and t he  compo s i t i o n  o f  the  

r e s t r i c t e d  d i e t  (Tannenbaum and S i l v e r s t o n e ,  1953) .

Under feeding ( a l l  components o f  d i e t  r e s t r i c t e d )  

r educes  turner i n c i d e n c e  and i n f l u e n c e s  t u n e r  growth .  

Mcreschi  (19C9) found t h a t  g r a f t s  cf mouse sarcoma grew l e s s  

f r e q u e n t l y  and more s l o wl y  in animal s  on a r e s t r i c t e d  d i e t  

and l o s i n q  we igh t .  e t h e r  neoplasms which respond  t o  

unde rf eed ing  i n  t he  mouse i n c l u d e  spon t aneous  mammary 

carcinoma (Tannentaun,  1940),  spont aneous  hepatomas 

(Tannenbaum and S i l v e r s t o n e ,  1949b) ,  lung adenoma 

(Tannenbaum, 1940, 1942; Lar sen  and H e s t e r ,  1945) ,

spont aneous  l eu k e u i a  (Saxton g t  a l . , 1944) and skin t umors  

induced by u l t r a v i o l e t  l i g h t  (Tannenbaum, 1940, 1SK2). Eous 

(1914) r e p o r t e d  t h a t  s e v e r a l  t r a n s p l a n t e d  r a t  and mouse 

tumors grew s lower  i n  unde r f ed  h o s t s  t h a n  i n  c o n t r o l s ,  

a f t e r  s u r g i c a l  removal  cf  p r ima ry  tumor i t  was p o s s i b l e  t o  

de lay  the  development  and growth o f  tumors ,  i n  most c a s e s ,  

ty u n d e r f e e d i n g .  Bees a l s c  no t e d ,  however ,  t h a t  t h e  

t r a n s p l a n t a b l e  E le x n c r - j o i l i n g  r a t  ca rc inoma ard a few 

spont aneous  turners were u n a f f e c t e d  by u n d e r f e e d i n g .



A l t e r i n q  the p r o p o r t i o n  o f  d i e t a r y  p r o t e i n  i n f l u e n c e s  

the g e n e s i s  c f  scire tumor t ypes  bu t  n o t  t h a t  of  o t h e r s .  

Slonaker  (193 1) r e p o r t e d  t h a t  r a t s  fed  i s c c a l c r i c  d i e t s  

c cn t a i n i n q  22 cr  26% p r o t e i n  appeared  to  be l e s s  s u b j e c t  to 

tumors o f  t he  mammary g l an ds  and c l a r i e s  i n  the f e m a le s  and 

of the s k i n  i n  the males  t han  t h o s e  fed  d i e t s  c c n t a i n i n q  10, 

14 and 18% p r o t e i n .  Using a d i f f e r e n t  tumor sy s t e m ,  

Tannenbaum and S i l v e r s t c n e  (1949a) found t h a t  n e i t h e r  t h e  

i nc idence  nor  m e t a s t a s i s  o f  spon t aneous  mammary carc incma 

were a l t e r e d  when a d u l t  mice were f ed  l i b i  t u rn o r

r e s t r i c t e d  amounts of an i s c c a l o r i c  d i e t  va ry ing  i n  t h e  

p r opo r t i on  of  c a s e i n  from 9 t o  36%. In c o n t r a s t ,  t h e  

i nc i den ce  of  hepatomas was c o n s i d e r a b l y  l o v e r  i n  a d u l t  male 

mice fed a d i e t  c o n t a i n i n g  9% c a s e i n  t han  i n  mice f ed  a d i e t  

c o n t a i n i n g  18 or  45% c a s e i n  ( s i l v e r s t o n e  and Tannenbaum, 

1951).

Ross and Eras (1965) a l s o  i n d i c a t e d  t h a t  t he  p r op o r t i o n  

and i n t a k e  c f  d i e t a r y  p r o t e i n  evoked d i f f e r e n t  e f f e c t s ,  

dependinq upcn tumor t ype .  The m or b id i t y  due to ma l i gnan t  

lymphomas f o r  male r a t s  fed a low p r o t e i n  d i e t  l i b i t u m , 

was 50% l e s s  t han  t h a t  o f  modera te ly  r e s t r i c t e d  r a t s  

provided a d i e t ,  i n  i s c c a l c r i c  amounts,  c o n t a i n i n g  an 

adequate  l e v e l  cf  F r c t e i n .  I n  a d d i t i o n ,  p a n c r e a t i c  and 

primary lung tumors were found amcnq r a t s  with ample i n t a k e  

of p r o t e i n  t u t  r a r e l y  when the i n t a k e  cf p r o t e i n  was low.



Boss and Eras (1S’i3) unde r took  a s t u d y  i n v o lv i n g  l a r g e  

p o p u l a t i o n s  c f  r a t s  to de t e rmine  whether  c h r o n i c  ma rg ina l  

p r o t e i n  u n d e r n u t r i t i c t  and F t o t e i n  o v e r n u t r i t i o n  under  

i s c c a l o r i c  c o n d i t i o n s  modi f i ed  t i e  t umor - t ype  spect rum of 

t he  p o p u l a t i o n .  c h r c n i c  ma rg i na l  p r o t e i n  u n d e r n u t r i t i o n  

p r ed i s posed  t he  c a t s  t o  an e a r l y  oc cu r r en ce  and h igh  

morbid i t y  due t o  turners of  l y m p h o r e t i c u l a r  and h e m a t o p o i e t i c  

t i s s u e s .  E ro t e i n  o v e r n u t r i t i o n ,  i n  c o n t r a s t ,  i n c r e a s e d  t he  

s u s c e p t i b i l i t y  t c  u r i n a r y  b l a d d e r  p a p i l l o m a s .  For o t h e r  

t ypes  of tumors of  e p i t h e l i a l  o r i g i n ,  p r i n c i p a l l y  t hose  

occu r r i ng  i n  t he  p i t u i t a r y ,  t h y r o i d  and p a n c r e a s ,  t he  

h i g h e s t  m o r b i d i t i e s  occur r ed  when r a t s  were f ed  a d i e t  

adequat e  i n  p r o t e i n  c o n t e n t .  The m o r b i d i t i e s  due to t h e s e  

tumors were markedly de c r ea sed  when the  l e v e l  of p r o t e i n  was 

e i t h e r  m a r g i n a l l y  low or  e x c e s s i v e l y  h igh .

I n  c h i c k e n s  n u t r i t i o n  has  been shown to  i n f l u e n c e  

s u s c e p t i b i l i t y  to  v i r u s  i n f e c t i o n  and t u m o r i g e n e s i s  and 

development .  Reus (1911) obse rved  t h a t  young,  h e a l t h y ,  

w e l l - n o u r i sh e d  c h i c k e n s  were more s u s c e p t i b l e  to  

t r a n s m i s s i b l e  ch i cken  sarcoma th an  u n t h r i f t y  c h i c k e n s .

B i l e y  and Harch (1959) s t u d i e d  t he  e f f e c t  of  two p l a n e s  

of n u t r i t i o n  on t h e  i n c i d e n c e  of  t he  av i an  l e u k o s i s  complex 

i n  two g e n e r a t i o n s  of f c u r  s t r a i n s  cf  Sh i t e  Leqho rns .  The 

lew p l ane  o f  n u t r i t i o n  p rov ided  s u b - o p t i m a l  l e v e l s  o f  

p r o t e i n ,  v i t a m in s  and c a l o r i e s .  The d i e t s  f o rmu la t ed  to 

promote t he  high plane  c f  n u t r i t i o n  c o n t a i n e d  ample l e v e l s  

of a l l  n u t r i e n t s  wi thout  c o n t a i n i n g  e x c e s s i v e  amounts o f  any
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one n u t r i e n t .  Growth r a t e  was somewhat r e t a r d e d  in c h i c k e n s  

cr. t he  low p l an e ,  egq p ro d uc t i on  was s i m i l a r  wi th t he  low 

and hiqh Flane and h a t c h a b i l i t y  was dep re s se d  on t h e  low 

plane of  a t t r i t i o n .  The i n c i d e n c e  of  m o r t a l i t y  from 

l e u k c s i s  v a r i e d  between t h e  s t r a i n s  b u t  with a l l  s t r a i n s  t h e  

i nc idence  of  l e u k o s i s  was g r e a t e r  when t he  c h i c k e n s  were on 

t he  hiqh l e v e l  c f  n u t r i t i o n .

In  t h e  p r e v i o u s l y  c i t e d  r e s e a r c h ,  i n f e c t i o n  was t he

r e s u l t  of  E a t u r a l  exposure  i n  an env i ronment  i n  which t he

d i s e a s e  was endemic.  E i l e y  and March (1965),  u s i r g  t he  same

two p l anes  c f  n u t r i t i c r ,  s t u d i e d  the e f f e c t  of  n u t r i t i o n  on 

the i nc i den ce  c f  l e u k c s i s  f c l l c v i n g  i n o c u l a t i o n  with avian  

l e u k c s i s  v i r u s .  The h iqh  p l ane  of  n u t r i t i C E  f avored  t he  

development cf  l y s ph c id  l e u k o s i s  f o l l owing  i n o c u l a t i o n  wi th  

tumor v i r u s .

P r o u d f o c t  and A i tken  ( 1969) fed  a 10$ p r o t e i n  and a 16)! 

p ro t e i n  r e a r i n q  d i e t  between 56 and 147 days of  age t o  f i v e  

commercial  l eqhorn  s t r a i n s . '  M o r t a l i t y  from a n a t u r a l

outbr eak  c f  Marek ' s  d i s e a s e  was ne t  on ly  s i g n i f i c a n t l y  

d i f f e r e n t  among s t r a i n s  but  t h e  c h i c ke ns  grewn cn the h i g h e r  

p r o t e i n  r e a r i n g  d i e t  e x h i b i t e d  s i g n i f i c a n t l y  h i g h e r  

m o r t a l i t y .

In summary, d i e t a r y  r e s t r i c t i c n  of c a l o r i e s  r educes  t h e  

i nc idence  and d e l a y s  f i r s t  appea rance  of  many d i v e r s e  t ypes  

of neoplasms .  A l t e r i n q  the p r o p o r t i o n  of d i e t a r y  p r o t e i n ,  

wi thin l i m i t s  t h a t  suppo r t  r e l a t i v e l y  normal growth and 

weight  of  the an imal ,  i n f l u e n c e s  the g e n e s i s  of seme tumor
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t ypes  hu t  ne t  t h a t  cf e t h e r s .  P r o t e i n  a n d /o r  c a l o r i c

r e s t r i c t i o n  i n f l u e n c e  t h e  grewth  cf neoplasms but  l e s s

i m p r e s s iv e ly  t han  t h e y  a f f e c t  t h e  g e n e s i s  o f  them.

Immunity and N u t r i t i o n

Two ty pe s  o f  immuni ty p r o t e c t  t h e  body from the  ha za rd s  

of  i n f e c t i o n  and c a n c e r .  A c e l l - m e d i a t e d  immure r e sp on se  

combats f u n q i  and v i r u s e s  and i n i t i a t e s  t he  r e j e c t i o n  o f  

f c r e i g n  t i s s u e s ,  such as  t r a n s p l a n t e d  o r q a r s  and tumors 

ILeclerc  j t  a l . , 1972 ; L e c l e r c  and C a n to r ,  1S8C) .  Humoral

immunity i s  e f f e c t i v e  a g a i n s t  b a c t e r i a l  i n f e c t i o n s  and v i r a l

r e i n f e c t i o n .  Al though the tve  mechanisms a r e  no t  e n t i r e l y  

i ndepe nde n t ,  and c o o p e r a t i o n  between them i s  i m p o r t a n t ,  t hey  

a re  d i s t i n c t  (Gclub,  1977) .

The u l t i m a t e  b a s i s  f o r  t h i s  d i v i s i o n  of  l a b c r  in  t he  

immune sys tem l i e s  i n  two p o p u l a t i o n s  of  c e l l s .  These a r e  

the bone marrow o r ,  i n  av i an  s p e c i e s ,  b u r s a - d e r i v e d  (B) 

lymphocytes which a re  d i r e c t  p r e c u r s o r s  o f

an t ibod  y-prod ucinq c e l l s  and t he  t h ymus - de r ived  (T) 

lymphocytes .  S u b p c p u l a t i c n s  cf T- lymphocyt es  f u n c t i o n  as 

k i l l e r  o r  e f f e c t o r  c e l l s ,  h e l p e r  c e l l s  f o r  i n d u c t i o n  o f  

maximal a n t i b o d y  p r o d u c t i o n  ( H i l l e r  and H i t c h e l l ,  1969) and 

su p p r e s s o r  c e l l s  wi th  t h e  c a p a c i t y  to i n h i b i t  a n t i b o dy  

p roduc t i on  (Katz and B e n ac e r r a f ,  1972) .  As T- lymphocytes  

develop i n t o  t hese  f u n c t i o n a l  s u b F o p u l a t i o n s ,  they pa s s  

through a s e r i e s  of  s t e p s  in  d i f f e r e n t i a t i o n ,  and t h e i r  

s u r f a ce s  d i s p l a y  an e x t r a o r d i n a r y  v a r i e t y  o f  s u r f a c e
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a l l o a n t i q e n s  (Eoyse,  1572) .

The i n t e r r e l a t i o n s h i p s  between immuri ty  and 

u n d e r n u t r i t i c r  a re  complex and i nv o lv e  m u l t i p l e  i n t e r a c t i n g  

components {Bichie and Copeland,  1979J.  Much of  cur  

knowledge cf d i e t a r y  e f f e c t s  on t he  immune system i s  d e r i v e d  

from c l i n i c a l  s t u d i e s  cf s e v e r e l y  ma lnour ished  human

p o p u l a t i o n s  i n  whom one o r  a combina t i on  of  c a l o r i e s ,  

p r o t e i n ,  v i t a m in s ,  c r  o t h e r  d i e t a r y  e s s e n t i a l s  a r e  

d e f i c i e n t .  Meaningful  i n t e r p r e t a t i o n s  cf  most  c l i n i c a l  da t a  

are  im p o s s i b l e  because  cf  l ack cf c o n t r o l s  of  s e v e r a l

c r i t i c a l  v a r i a b l e s ,  such  as concomi tan t  i n f e c t i c n ,  dose of 

an t i qen ,  s e v e r i t y  o f  n u t r i t i o n a l  d e f i c i e n c i e s ,  s i m u l t a n eo us  

i n s t i t u t i o n  of  n u t r i t i o n a l  t h e r a p y ,  l i v e r  f u n c t i o n s  and

comp e t i t i v e  microbes  (Chandra,  1977).  For  t h e s e  r e a s o n s ,

cn ly  e x p e r i m e n t a l  an imal  s t u d i e s  w i l l  be reviewed here .

The n a t u r e  of  t he  a n t i g e n i c  s t i m u l u s  employed i s  an 

impor tan t  v a r i a b l e  ir. e v a l u a t i n g  t he  e f f e c t  of c h r o n i c  

p ro t e i n  d e p r i v a t i o n  on t h e  immune sys tem.  The an t i b o d y

response  t o  T - ind ependen t  a n t i g e n s ,  such a s  B r u c e l l a  

a t o r t u s , appea r s  g e n e r a l l y  t c  be u n a f f e c t e d  ty c h ro n i c

p r o t e i n  r e s t r i c t i o n  (Cccper e t  aJ, . ,  1974; Law j t  a l . , 1974; 

P r i c e  and B e l l ,  1977) .  I n  c o n t r a s t ,  both  t he  number o f  

an t i b od y - p r od uc i nq  c e l l s  and serum a n t i b o d y  t i t e r s  a r e  

markedly reduced i n  c h r o n i c a l l y  p r o t e i n - d e p r i v e d  mice 

immunized witfc sheep e r y t h r o c y t e s ,  a T-dependent  a n t i g e n  

(Cooper e t  a l .  , 1974; Law et  a l .  , 1974; P r i c e  and B e l l ,  

1977; Fe rnandes  e t  a l . ,  1576a)N.
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I n  p r o t e i n - d e f i c i e n t  mice,  c e l l - m e d i a t e d

inmunocompetence has been e v a l u a t e d  us inq  g r a f t - v e r s u s - h c s t  

r e a c t i v i t y .  S f l e e n  c e l l s  from ch ro n i c  f i c t e i n - d e p r i v e d  mice 

demons t ra ted  enhanced g r a f t - v e r s u s - h o s t  r e a c t i v i t y  compared 

t c  s p l e en  c e l l s  f r e e  r e g u l a r  chcw-fed mice (Be l l  and H a z e l l ,  

1975 ; Cooper e t  a l . ,  1574).

A number of  o t h e r  a s s a ys  have p ro v i d ed  ev idence  t h a t  

T - c e l l  immunoccmpetence i s  ma in t a ined  or  even enhanced under 

c o n d i t i o n s  of c h r c n i c  mcdeia te  p r o t e i n  d e p r i v a t i o n .  Skin 

a l l o g r a f t  r e j e c t i o n  appea rs  to be enhanced i r  c h r c n i c  

p r o t e i n - d e p r i v e d  mice (Cooper e t  a l . ,  1974; McFarlane and 

Hamid, 1973) .  The c a p a c i t y  of T - c e l l s  t o  p r o l i f e r a t e  i n  

v i t r o  i n  r epense  to j h y to h e m a g g l u t i n i n  (PHA), a T - c e l l  

s i t c q e n ,  i s  a n o t h e r  i n d i c a t i o n  o f  c e l l - m e d i a t e d  

immuncloqica 1 c cmpet e r ce .  Spleen c e l l s  f rom mice (Cooper g t  

a l . ,  1974; Fe rnandes  e t  a J .  , 1976a) and guinea  p ig s  (Kramer 

e t  a l . . 1977) l ed  p r o t e i n - d e f i c i e n t  d i e t s  were found t c  

respond to  EHA as  wel l  a s  or  t e t t e r  than s p l e e n  c e l l s  from 

ncrmal  a n i m a l s .  I n  c o n t r a s t ,  Aschkenasy (1975) noted t h a t  

r a t s  f e d  p r o t e i n - f r e e  d i e t s  man i f e s t ed  poor  i n  vivo 

r e sponse s  to EHA.

N u t r i t i o n a l l y  d e p r i v e d  a n im a l s  have r educed  r e s i s t a n c e  

tc b a c t e r i a l  i n f e c t i o n s  but  i n c r e a s e d  r e s i s t a n c e  t c  c e r t a i n  

v i r u s e s  and qrewth of i a l i q n a n t  tumors  (Schaed l e r  and Dubos,  

1956; Boyd and Edwards,  1963 ; Anderson g t  a l .  , 1970; Boss 

and Bras ,  1965).  These o b s e r v a t i o n s  may be r e l a t e d  to  

p r e v i o u s ly  d e sc r i b e d  s t u d i e s  i n  which ch ro n i c
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p r o t e i n - d e p r i v a t i o n  d ep re s se d  humoral  immunity whi le  

improving c e l l -  media te c immure f u n c t i o n .  Jose  and Good 

(1971b) r e p o r t e d  t h a t  lymphocytes  from immune r a t e  s u b j e c t e d  

t c  moderate p r o t e i n  or c a l c r i c  r e s t r i c t i o n  ma n i f e s t e d  normal  

c y t o t o x i c  1 - c e l l  a c t i v i t y  a g a i n s t  xenogeneic  t a r g e t  c e l l s .  

Serum from immune r a t s  f ed  a normal  d i e t  p r even t ed  

c e l l - m e d i a t e d  d e s t r u c t i o n  a g a i n s t  t a r g e t  tumor c e l l s .  Such 

b lock ing  a c t i v i t y  was a b s e n t  from the  serum of  n u t r i t i o n a l l y  

depr ived  r a t s .  In a su bs equ en t  s t u d y ,  mice p l aced  on 

p r o t e i n  r e s t r i c t e d  d i e t s  maint a ined  c e l l - m e d i a t e d  immunity 

t c  both  a l l o g e n e i c  and syn gene i c  tumor c e l l s ,  whi le  serum 

blockinq  a c t i v i t y  was i n h i b i t e d  or  e l i m i n a t e d  (Jose  and 

Good, 1973a ) .

More r e c e n t l y ,  Fe rnandes  g t  a l -  (1976a) s t u d i e d  t h e  

e f f e c t  o f  c h r c n i c  p r o t e i n - c a l c r i e  r e s t r i c t i o n  cn development  

cf  spont aneous  adenocarc incma i n  C3H/CJmC mice.  Al though t he  

l i f e  span c f  mice r e c e i v i n g  10 t o t a l  c a l o r i e s  pe r  day was 

ne t  s i g n i f i c a n t l y  p r c l cnged  over  t h a t  cf  mice r e c e i v i n g  t h e  

ncrmal d i e t  (16 c a l o r i e s ) ,  none of  t he  f c r a e r  group 

developed turners whereas 71% cf  t h e  l a t t e r  group deve loped  

adenocarc inoma.  Fe rnandes  a l -  (1976a) su gg e s t e d  t h a t

p r o t e i n - c a l o r i e  r e s t r i c t e d  an imal s  might  l a ck  t he  a b i l i t y  t o  

develop s u p p r e s s o r  c e l l s  which occur  i n  an imal s  du r ing  tumor 

qrowth (Gershcn e t  a l . ,  1974; Go rc zy n sk i ,  1974; Kuperman 

e t  a l . . 1S7E; Fuj imoto g t  a l .  , 1976) and a r e  i m p l i c a t e d  in

the i n h i b i t i o n  of  c e l l u l a r  immune f u n c t i o n .  The e l i m i n a t i o n  

of the development  of  such s u p p r e s s o r - c e l l  a c t i v i t y  a n d /o r
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absence  of  serum b lo ck in g  f a c t o r s  (Jose and Gocd# 197 1a# 

1.973a# 1973 1) by p r o t e i n - c a l o r i e  r e s t r i c t i o n  might

f a c i l i t a t e  d e s t r u c t i o n  c f  newly a r i s i n g  tumor c e l l s  by 

immunocompetent T - c e l l s  and macrophages .

More d r a s t i c  r e d u c t i o n s  i n  p r o t e i n  a n d / o r  c a l o r i c  

i n t a k e  undoubt ed ly  have more d e v a s t a t i n g  e f f e c t s  on the  

t c t a l  immune r e s p o n s e .  Fe rnandes  £ t  (1976a) showed

t h a t  mice ma in t a ined  on a s e v e r e l y  r e s t r i c t e d  39 c a s e i n  d i e t  

had a d e p re s s io n  cf  bc th  humeral  and c e l l u l a r  a n t i - t u m o r  

immune r e s p o n s e s .

I n  summary, i t  i s  c l e a r  t h a t  d i e t a r y  m a n i p u l a t i o n s  may 

profoundly  i n f l u e n c e  immune r e a c t i o n s  i n  e x p e r i m e n t a l  

an imals .  C e r t a i n l y  i t  s i c e#  r a t s  and gu i nea  pigs# 

p r o t e i n - c a l o r i e  r e s t r i c t i o n  i n h i b i t s  a n t i b o d y  p r o d u c t i o n  and 

humoral  immuni ty.  Al though c e l l - m e d i a t e d  immuni ty  appea r s  

t c  be enhanced by p r o t e i n - c a l o r i e  r e s t r i c t i o n  i t  a l l  t h e s e  

species#  i t  can be F r c f c u r d l y  de p re s sed  by more s e v e r e  

d i e t a r y  d e p r i v a t i o n .

Ge ne t i c  c e n t r e d of Immune Responses

The major  h i s t o c o m p a t i b i l i t y  complex (MHC) i s  a l i n k e d  

s e r i e s  of  genes which c o n t r o l  a l a r g e  v a r i e t y  of  

immunological  phenesena .  While an  MHC has  been d e t e c t e d  i n  

a l l  mammalian s p e c i e s  s t u d i e d  (Paul and Benacer r a f#  1977)# 

t h a t  of  the ncuse,  c a l l e d  the H- 2 complex,  has been 

c h a r a c t e r i z e d  most t h o rough ly .



Molecules  t h a t  d i f f e r  from i n d i v i d u a l  t o  i n d i v i d u a l  and 

are  r e c o g n i z e d  in  g r a f t  r e j e c t i o n ,  were f i r s t  d e s c r i b e d  in  

the mouse by Gorer (1937).  Gorer  £ t  a.1. (1948) de s i gna t ed

these molecu l e s  as  h i s t o c o m p a t i b i l i t y  a n t i g e n s  anc gave them 

a s e r i a l  number—2. The gene coding f o r  t he s e  s t r u c t u r e s  

was d e s i g n a t e d  H- 2. L a t e r  r e s e a r c h  proved t h a t  H-2 was a 

mul t i gene ,  a u l t i a l l e l i c  complex,  and i t  became termed t h e  

3-2 complex (K le in ,  1S75).  The H-2 complex i s  l o c a t e d  on 

chromosome 17 (Kle in ,  1S79).

Bes ides  coding  f o r  a l l o a n t i g e n s  r e s p o n s i b l e  f o r  

r e j e c t i o n  of i n co m p a t i b l e  c e c p l a s t i c  and normal  t i s s u e  

g r a f t s ,  t he  H-2 complex i n f l u e n c e s  an t i b od y  s y n t h e s i s ,  mixed 

leukocy te  r e a c t i o n s ,  g r a f t - v e r s r s - h c s t  r e a c t i o n s ,  anamnes t i c  

r esponse ,  de layed  h y p e r s e n s i t i v i t y , serum complement  l e v e l s  

and T - c e l l ; E - c e l l  i n t e r a c t i o n s  (reviewed by S h r e f f l e r  and 

Eavid,  1975) .  In  a d d i t i o n ,  t he  s u s c e p t i b i l i t y  of mice t o  

s e v e r a l  tumor v i r u s e s  i s  a s s o c i a t e d  wi th t h e  H-2 ccmplex.

The c u r r e n t  3^2 map i s  d i v i d e d  i n t o  s i x  r e g i o n s  (K, I ,  

S, G, D and I) wi th t h e  I  r eg i on  d i v id e d  i n t o  f i v e  

su b r e g i o n s  ( i ,  B, J ,  E and Q (Kle in ,  1979)- K and D r e g i o n s  

cade f o r  s e r o l o g i c a l l y  d e f i n e d  H-2 a n t i g e n s  and 

t r a n s p l a n t a t i o n  a n t i g e n s .  The marker  gene f o r  t he  S r eg i o n  

c o n t r o l s  t he  seruir  s e r c l c g i c a l  (Ss) p ro t e i r .  and the  

s e x - l i m i t e d  p r o t e i n  (Sip) . The Ss and Sip p r o t e i n s  a re  

a s s o c i a t e d  wi th ,  o r  may a c t u a l l y  c o n s t i t u t e  one of  the 

complement components (Mec e t  a l .  , 1975).  The G r e g i o n

codes f o r  t he  appea rance  c f  an a n t i g e n  on e r y t h r o c y t e s
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{Klein,  1979).  Kle in  and Chianq (1978) p o s t d a t e d  t he  

e x i s t e n c e  of  a T r e g i o n  which codes fo r  a gene t h a t  c o n t r o l s  

a E t i q e n i c  s p e c i f i c i t y  cf c y t c t c x i c  e f f e c t o r  c e l l s .

The I r eq ion  o f  t he  H-2 complex codes  f c r  s e v e r a l  

immunoloqica l ly  i m p o r t a n t  t r a i t s .  The I r  g e n e s ,  l o c a t e d  

w i th in  t h e  I  r e g i o n ,  r e g u l a t e  the humoral  r e spo nse  t o  

s y n t h e t i c  p o l y p e p t i d e s  and a number of  n a t u r a l  a n t i g e n s  a s  

v e i l  as c e l l u l a r  r e sponse  a s  measured by d e l a y e d - t y p e  

h y p e r s e n s i t i v i t y  o r  p r o l i f e r a t i o n  of  T - c e l l s  i n  vi  t r o 

( f icDevi t t  and E en a ce r r a f ,  1969; E en a ce r r a f  anc Germain,  

1978).  An gene nay e i t h e r  enhance or  su p p re s s  t h e

r esponse .  The enhanc ing  genes sap i n  the  A, B, C or  E 

s c b r e q i o n s ;  t he  s u p p r e s s o r  gene i n  the J  sub re g i on .  In 

a d d i t i o n ,  the I  r e g i o n  i s  a s s o c i a t e d  wi th  t he  mixed 

l euhoc y t e  r e a c t i o n ,  q r a f t  r e j e c t i o n  and c e l l u l a r  

i n t e r a c t i o n s  i n c l u d i n g  m ac r op h aq e :T -ce l l  and T - c e l l : B - c e l l  

{Eenacerraf  and Germain,  1978).  The I  r eg ion  a l s o  codes for  

a s e r i e s  c f  s e r o l o g i c a l l y  d e f i n e d  c e l l  s u r f a c e  a n t i g e n s ,  

termed t he  1 - a s s o c i a t e d  or l a  a n t i g e n s .  Whether t h e s e  l a  

a n t i q e n s  a c t u a l l y  r e p r e s e n t  t he  qene p r oduc t  remains  a 

c o n t r o v e r s i a l  i s s u e  (Kle in ,  1979) .  Cne c u r r e n t  h y p o t h e s i s  

(Dhr § i  a l . , 1979) i s  t h a t  t h e  l a  a n t i g e n s  i n t e r a c t  wi th 

exoqeneous an t i g en  a s s o c i a t e d  wi th  macrophages and 

B-lymphocytes  and t he r e by  p r e s e n t  an immunologenic complex 

to the T- lymphocyt es .  Th is  r e s u l t s  in t h e  s t i m u l a t i o n  of 

T - c e l l s  e s s e n t i a l  i n  the t r i g q e r i r g  cf E - c e l l s  to r e p l i c a t e  

and d i f f e r e n t i a t e  i n t o  a n t i b o d y - s e c r e t i n g  c e l l s .



The qene (s) c o n t r o l l i n g  s u s c e p t i b i l i t y  of  mice t o  

s e v e r a l  turner v i r u s e s ,  p a r a s i t e s  and to autoimmune d i s e a s e s  

i s  l o c a l i z e d  i n  t h e  I  r e g i o n  cf the H-2 complex.  This  

a s s o c i a t i o n  was i n i t i a l l y  shown with s u s c e p t i b i l i t y  o f  mice 

t c  l eukomcgenes i s  wi th t he  Grc ss  v i r u s  { L i l l y ,  1564, 1966)

and s i n c e  ha s  been shown wi th  mammary tumors  (Huhlbock and

Dux, 1974) and spon t aneous  lung tumors  ( F a r a l d c  .et a 1 . .  

1579).  An J j  gene c c n t r c l s  s u s c e p t i b i l i t y  c f  mice t o  

e xp e r i me n t a l  autoimmure t h y r c i d i t i s  ( V l a d i u t i v  and Rose,  

1571).  Genes w i t h in  t he  H-2 complex i n f l u e n c e

s u s c e p t i b i l i t y  t o  i n f e c t i o n  wi th  t h e  p a r a s i t e  Tr i c h i n e l l a  

s c i r a l i s  (Wassam g t  a l  - ,  1579) .

The B complex i n  t h e  ch icken  i s  t h e  c o u n t e r p a r t  o f  t h e  

HHC of o t h e r  s p e c i e s  {F re l i ng e r  and S h r e f f l e r ,  1975).  The B 

b l eed  group system in  t h e  ch icken  was d i s c ove re d  ly B r i l e s  

Jh Jli- (1550) and was shewn to be a marker  f o r  t he  MHC.by 

Schierman and Ncrdskog (1961) .  L ike  t he  H-2 complex,  t he  B 

system i s  c h a r a c t e r i z e d  by e x t e n s i v e  m u l t i p l e  a l l e l i s m  

[ E i i l e s  ejt a l .  , 1950) .  Hala and a s s o c i a t e s  (1977) have

sugges ted  t h a t  t he  ch i ck en  MHC c o n s i s t s  o f  t h r e e  r e g i o n s  and 

t h r ee  co r r e sp on d in g  a n t i g e n s  can be assumed: B-F r e g i o n

cedes  f c r  a n t i g e n s  common t c  both e r y t h r o c y t e s  and 

l e u k o c y t e s ,  E - l  r eg io n  f o r  a n t i g e n s  p r e s e n t  cn l e u k o c y t e s  

and a b s e n t  cn e r y t h i c c y t e s  and B-G r eg io n  f o r  a n t i g e n s  

p r e s en t  on e r y t h r o c y t e s  and no t  d e t e c t e d  on l e u k c c y t e s -
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The £ complex,  l i k e  the H-2 complex,  c o n t r o l s  many 

i umunc l oq i ca1 fu n c t i o n s -  B complex i n f l u e n c e s  s k i n  g r a f t  

s u r v i v a l  {Set ier i rann ard Ncrdskcq,  1961),  g r a f  t - v e r s u s - h o s t  

r e a c t i o n  ( J a f i e  and McDernid,  1962 ; Schiermann and 

Ncrdskoq, 1963) ,  l y m p h o a g g l u t i n a t i o n  (Schiermann and 

Ncrdskoq,  1962),  mixed l eu koc y t e  r e a c t i o n  (Higqiano g t  a l  - .  

1S74) and serum hemoly t ic  complement  l e v e l s  (Chanh g t  a l  - . 

1976). R e s i s t a n c e  t o  a h e r p e s v i r u s - i n d u c e d  lymphoma 

(Ka rek ' s  d i s e a s e )  has  t e e n  found t c  be a s s o c i a t e d  v i t h  t he  B 

complex (Hansen g t  a l - ,  1967; Lonqnecker  gg ag- • 1976; 

B r i l e s  e t  a l . ,  1977).

Evidence  f o r  an a s s o c i a t i o n  of  t he  B complex with 

immune r e s p o n s i v e n e s s  t o  v e i l - d e f i n e d  a n t i g e n s  has  been 

obt a ined  i n  ch i ckens -  B a l ca r c v a  e t  a l .  ( 1973) r e p o r t e d  

d i f f e r e n c e s  i n  immune r e s p e n s i v e n e s s  in d i f f e r e n t  i n b r e d  

l i n e s  of  ch i ckens  t c  t h e  d i n i t r c p h e n c l  group and to human 

serum a lbumin .  Pevzner  and coworkers  (1973, 1975) have

fcund t he  £ complex t c  i n f l u e n c e  immunological  r e sp on se  to 

Salmone l l a  pu l l o ru m . S i m i l a r  a s s o c i a t i o n s  between t h e  E 

complex and immune r e s p o n s i v e n e s s  have been found f o r  t h e  

s y n t h e t i c  p o l y p e p t i d e s ,  (T, 6 ) - a —L (Gunther  gg £ g . ,  1974; 

Balcarova eg g g - ,  1975),  G1 (Koch and Simonsen,  1977) and 

GAT-10 (Bened ic t  gg g g - /  1975, 1977; Eevzner eg a l . , 1978) 

and f o r  t u b e r c u l i n  (Karakoz g t  g i » ,  1974) .  Ever t  and Cooper 

( 1978) i s o l a t e d  I a - l i k e  a l l o a n t i q e n s  i n  s e v e r a l  h i g h l y  

iEbred l i n e s  of  c h i ck ens .
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Gyles  a l .  (1S6E, 1971) s t u d i e d  t h e  i n h e r i t a n c e  of 

Rcus v i ru s - i n d u c e d  tumor r e q r e s s i o n  and shewed t h a t  t h e  

i nc idence  can be mod i f i ed  s i g n i f i c a n t l y  by s e l e c t i o n .  C a r t e  

e t  a l .  (1S72) have e f f e c t i v e l y  i n c r e a s e d  the i n c i d e n c e  o f  

tumor r e g r e s s i o n  i n  a l egho rn  s t r a i n  t h rough  s e l e c t i o n .  Two 

independen t  s t u d i e s  demons t r a t ed  t h a t  g e n e t i c  c o n t r o l  o f  t h e  

f a t e  of Rous sarcoma v i r u s  (HSV ) - i n d u ce d  tumor i s  w i t h in  or  

c l o s e l y  l i n k e d  to the  £ complex.  C o l l i n s  e t  aJL. (1977) 

s t u d i e d  t h e  i n f l u e n c e  c f  fl genotype  on the  outcome o f  

sarcomas induced by Bryan high t i t e r  RSV {subgroup A) i n  t h e  

12 g e n e r a t i o n  cf  a c r o s s  cf  l i n e s  6-1 and 15-1.  Among t h e  

F2 s e q r e g a n t s ,  E2E2, B2B5 and E5B5, t h e  pe r c en t ag e  of  

ch ickens  dying of tumor (by 10 weeks p o s t - i n o c u l a t i o n )  was 

5, 26 and S3, r e s p e c t i v e l y .  Schierman e t .  a l .  (1977) used

s t r a i n  G-E2,  which i s  c a pa b l e  o f  r e g r e s s i n g  Eous t umors ,  and 

s t r a i n  G-B1, which i s  s u s c e p t i b l e  t o  p r o g r e s s i v e  tumor 

development .  Each s t r a i n  was hcmc2 ygous f o r  a d i f f e r e n t  B 

blood g r c u p - h i s t o c c m p a t i b i l i t y  a n t i g e n .  R e s u l t s  from 

i n o c u l a t i n g  l i n e  G-E1, G-B2, 11,  and b a c k c r c s s  prcgeny with 

Schmidt-HuFpin s t r a i n  o f  HSV (subgroup B) sugge s t e d  

dominance c f  tumor r e g r e s s i o n  over  tumor p r o g r e s s i o n .  

Geb r i e l  . e t  a l .  ( 1979) found t h a t  genes  coding f c r  c o n t r o l  

of the f a t e  of RSV-induced tumors  e v i d e n t l y  a r e  c l o s e l y  

l inked  to  an immune r e s po n se  gene which c o n t r o l s  an t i b o d y  

p roduc t i on  t c  the  an in c  a c i d  polymer GAT-10 (Pevzner  £ t  a i . ,  

1S78).
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S e v e r a l  immunologica l  f u n c t i o n s  i n  t he  ch i ck en  known to  

be q e n e t i c a l l y  c o n t r o l l e d  a r e  not  a s s o c i a t e d  k i t h  t he  D 

complex. P a l l a c i n o  e t  a l .  ( 1S77) showed t h a t  t he  immune 

r esponse  a t  two i nbred  l i n e s  i d e n t i c a l  f o r  t he  B complex,  

measured ty t h e  de layed  h y p e r s e n s i t i v i t y  r e a c t i o n ,  d i f f e r e d  

f o r  bovine  serum albumin (BSA) , dodecanoic-BSA,  f e r r i t i n  and 

cxazolone .  A gene c o n t r o l l i n g  t h e  a b i l i t y  of  l e u k o c y t e s  to  

respond t c  c cn c an a v a l i n  A was found n o t  t o  be a s s o c i a t e d  

with t he  J  complex (Miqqiano g t  a l - #  1976) .

I n  summary,  t h e  B complex c f  t he  c h i c k e n ,  l i k e  t h e  H-2 

complex of  the mouse,  c o n t r o l s  many immunologica l  phenomena 

i nc l ud i ng  r esponse  to s y n t h e t i c  p o l y p e p t i d e s ,  c e l l - m e d i a t e d  

f u n c t i o n s  such a s  q r a f t - v e r s u s - h c s t  r e a c t i o n s  and mixed 

l eukocyt e  r e a c t i o n ,  and h e m o ly t i c  complement  l e v e l s .  

I nc idence  of  RSV-induced tumor r e g r e s s i o n  i s  under  g e n e t i c  

c o n t r o l  and r e c e n t l y  has been shewn t c  to  be i n f l u e n c e d  by £ 

genotype .



I I I .  MATERI ALS ANE METEOES

E x re r im en t  s

The p r e s e n t  s t u d y  i s  made up of  13 e x p e r i m e n t s .  The 

fo l lowing  l i s t  g i v e s  t h e  exper iment  numbers a cc o rd in g  t o  

s p e c i f i c  o b j e c t i v e :

Sc e c i f i c  Ob j e c t i v e  Exper im ent Numbers

E f fe c t  of  genotype  and of  hO 1 , 2 , 3 , 4 , 5
pe rcen t  p r o t e i n - c a l o r i e  r e s t r i c t i o n  
and t h e i r  i c t e r a c t i o n  cn tumor 
development

Comparison of 25 and 50 p e r c e n t  6
p r o t e i n - c a l o r i e  r e s t r i c t i o n  on 
tumor development

E f f e c t  of  age a t  BSV- inocu l a t i on  7,8
cn tumor development

E f f e c t  of  l e n g t h  of  h0 p e r c e n t  9,10
p r o t e i n - c a l o r i e  r e s t r i c t i o n  p r i o r  to 
BE V-inoc u l a t i o n  on tumor development

The de layed w a t t l e  r e a c t i o n  11
t e s t  a s  an i s  vivo measure of
c e l l - m e d i a t e d  immune response

E f f e c t  of  genotype  and 40 p e r c e n t  12
p r o t e i n - c a l o r i e  r e s t r i c t i o n  and
t h e i r  i n t e r a c t i o n  on s p e c i f i c
immunological  t e s t s  i n  u n i n c c u l a t e d
ch i ckens

Ef f ec t  o f  qenctype  and 40 pe r c en t  13
p r o t e i n - c a l o r i e  r e s t r i c t i o n  on 
tumor s i z e

19
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S t o c k s

Two q e n e t i c  sys tems were used to s t udy  the e f f e c t  o f  

p r o t e i n - c a l o r i e  r e s t r i c t i o n  and t h e i r  i n t e r a c t i o n  upon Rous 

sarcoma development  i n  ch i ck ens  over  a t o t a l  o f  f i v e  

expe r imen t s .  I n  t he  f i r s t  two ex p e r im e n t s  two g e n e t i c a l l y  

d i f f e r e n t  l i n e s  of c h i ck ens  were u t i l i z e d .  L ine  s i x  s u b l i n e  

t h r e e  ( 6 - 3 ) ,  a h i gh ly  i nb r ed  (E > 0.99) s i n g l e  ccmbed White 

Leghorn c h i c k e n ,  was developed and i s  ma in t a ine d  a t  t h e  

Begional  P o u l t r y  Research  L a t o r a t o r y  (RPRL) cf  the Uni ted  

S t a t e s  Depar tment  o f  A g r i c u l t u r e ,  Eas t  Lans ing ,  Michigan.  

Line 105, a non inbred  l i n e  o f  New Hampsh i res ,  which i s

maintained a t  the  U n i v e r s i t y  o f  New Hampshire was used- The 

second g e n e t i c  sy s t em,  used i n  e x p e r i m e n t s  2,  4 and 5,

involved compar i sons  between two hcmozygous fi genotypes  from 

the  F2 g e n e r a t i o n  of  c r o s s e s  o f  EPRI Sh i t e  l egh o r n  l i n e  s i x  

s u t l i n e  one (6-1) and l i n e  15 s u h l i n e  one ( 1 5 - 1 ) ,  each wi th 

ar. i n b r ee d in g  c o e f f i c i e n t  i n  e x ce s s  of 0.99 (Stone ,  1975).  

Chickens f o r  t hese  t h r e e  ex pe r i m e n t s  were blood typed  f o r  B 

a l l o a n t i q e n s  and only  geno types  £222 and 25£5 used .

L ine  6k ch i ckens  were used i n  e x p e r im e n t s  6 through 10, 

i n  which t he  e f f e c t  o f  25 and 5 055 p r o t e i n - c a l o r i e

r e s t r i c t i o n ,  t he  e f f e c t  o f  age a t  Rous Sarcoma Vi ru s

(BSV) - inocu l a t i cn ,  and the e f f e c t  of l en g th  o f  

p r o t e i n - c a l o r i e  r e s t r i c t i o n  p r i o r  t o  RSV- inocu l a t i cn  upon 

tumor development  were s t u d i e d .  L ine  6-3 ,  with 6 8 . 9<? 

i nc idence  of  r e g r e s s s i c r  in  400 c h i c k e n s  BSV- inocc la ted  a t  6 

seeks of age (C o l l i n s  jgt . a l - ,  1980) ,  was to be used i n  t h e s e



exper iment s .  However,  t h i s  l i r e  was l a t e r  found t o  be

q e n e t i c a l l y  con tamina ted  wi th an unknown s tock ;  t h u s ,  t he  

contamina ted  s t ock  was d e s i g n a t e d  l i n e  6K. Since  l i n e  6K, 

l i k e  l i n e  6 - 2 ,  hac a hiqh i n c i d en c e  cf  tumor r e g r e s s i o n  i n

ch i ckens  i n o c u l a t e d  a t  6 weeks of age ( approximate ly  60/c) ,

i t  was used i n  t h e s e  f i v e  ex pe r i m e n t s .

Se ve ra l  s t o c k s  of  c h i c k en s  were used i n  t h e  de l ay ed  

w a t t l e  r e a c t i o n  t e s t s  (exper iment  11) i n c l u d i n g  F2 and F3 

g e n e r a t i o n s  cf  a c r e s s  cf  BPEI l i n e s  6 -1  and 15-1,  and l i n e s  

6-3 ,  seven s u b l i n e  two (7-2) and 105. Af t e r  t h e  exper iment

was completed l i n e s  6-3  and 7-2 were found t o  be g e n e t i c a l l y

con tamina ted ,  but  t h i s  problem was n e t  c o n s i d e r e d  s e r i o u s  

enough t o  war ran t  e l i m i n a t i n g  t h e  ex pe r imen t .

For s t u d y i n g  t t e  e f f e c t  cf 40 91 p r o t e i n - c a l o r i e

r e s t r i c t i o n  upon immunologica l  t e s t s  and tumor s i z e  

(exper iments  12 and 13, r e s p e c t i v e l y )  , ch i c ken s  frcm the  F5 

g e ne r a t i on  cf  a c r e s s  of  l i n e s  6-1 and 15-1 were used.  

Chickens f o r  t he se  two e xpe r i me n t s  were blood typed  f o r  B

a l l o a n t i g e n s  acd geno types  B2£2 and £5£5 on ly  were u se d .

Brocdino and Rear ing

Chicks  were brocded frcm ha t ch ing  i n  c o n v e n t i o n a l ,

e l e c t r i c a l l y - h e a t e d  b i c c d i n q  b a t t e r i e s  l o c a t e d  i n  windowless 

houses  a t  t he  U n i v e r s i t y  o f  New Hampshire P o u l t r y  Re sea r ch  

farm. I n  p r c t e i n - c a  I c r i e  r e s t r i c t i o n  e xp e r i m e n t s  c h i c k s  

were t r a n s f e r r e d  t o  a s e m i - i s o l a t e d  f a c i l i t y  a t  4 weeks of 

age a t  which t ime feed  r e s t r i c t i o n  began and t h e  c h i c k e n s
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were ma in t a ined  in fccldinq b a t t e r i e s  u n t i l  t e r m in a t i o n  o f  

the ex pe r i m e n t s .  In exper iment  3, ch i ck s  were t r a n s f e r r e d  

t c  holdinq b a t t e r i e s  a t  s i x ,  r a t h e r  t han  a t  f o u r ,  weeks o f  

aqe a t  which t i n e  feed r e s t r i c t i o n  beqan.

Chicks  used i n  expe r ime n t s  7, 8 and 11 were brooded

from h a t c h i r q  in c c n v e r t i o n a  1, e l e c t r i c a l l y - h e a t e d  brood ing  

b a t t e r i e s ,  t r a n s f e r r e d  t o  s e m i - i s o l a t e d  f a c i l i t i e s  a t  6

weeks of  aqe and n a i n t a i n e d  i n  hanging cage s  u n t i l

t e rm ina t i o n  of  t he  e x pe r im en t s .

Chicks  were v a c c in a t e d  a t  ha t ch ing  with Marek ' s  d i s e a s e  

vaccine ( l i v e  t u r k ey  He rp es v i r u s ,  c h i c k en  t i s s u e  c u l t u r e  

ox iq in ,  c e l l - f r e e ,  S t e i w i n  L a b o r a t o r i e s  I n c . ,  H i l l s b o r o ,

Delaware) and a t  10 days of  age with Ne w c a s t l e - b r o n c h i t i s

vaccine ( l i v e  v i r u s ,  ch i ck  embryc o r i g i n ,  S t e rw in

L a b o r a t o r i e s  I n c . ,  M i l l s b o r c ,  Delaware) beg inn ing  wi th

exper iment  6.  In  e xpe r i me n t s  12 and 13, each ch ick  a l s o

r ec e ived  0 .2  mq qe n t ami c in  s u l f a t e  (G a r a s o l ,  American

S c i e n t i f i c  L a b c r a t o r i e s ,  Hadison,  Wisconsin) mixed wi th

Marek’ s d i s e a s e  vacc ine  in  a 0 . 2  ml dose sub c u t en e ou s l y  a t  

ha tch ing  t o  dec r ea se  ch ick  m o r t a l i t y  due to a r e c u r r e n t

r e s p i r a t o r y  problem a t  t h e  U n i v e r s i t y  o f  New Hampshire

Poul t ry  Resea r ch  Farm.

Fee d

A commerc i a l ly  mixed ch i ck  s t a r t e r  f eed  (medica t ed  wi th  

Q.00d« amprcJium and b a c i t r a c i n  methylene d i s a l i c y l a t e  t o

a id  in  t he  development  of a c t i v e  immunity to  c c c c i d i o s i s
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under c o n d i t i o n s  o f  s l i g h t  exposure)  was used ir. ex pe r imen t s  

1, 2, 3, 4, 5,  12 and 13. Kith t he  e x c e p t i o n  of  exper iment  

3, 4-week-c ld  c h i c k e n s  were e i t h e r  f u l l - f e d  o r  

r e s t r i c t e a - f e d  t o  p rov ide  603 of  t he  p r o t e i n  anc c a l o r i e s  

consumed by f u l l - f e d  c h i c k e n s  of the same ag e .  In- 

exper iment  3 t he  same p rocedu re  was fo l l owed  excep t  t h a t  

chicks  were p l aced  cn e x p e r i m e n t a l  d i e t s  a t  6 weeks of  a ge .  

The amount c f  f e ed  consumed by f u l l - f e d  ^ch i ckens  was 

c a l c u l a t e d  twice  weekly.  For r e s t r i c t e d - f e d  c h i c k e n s ,  seme 

v i t amins  and m ine ra l s  were i n c r e a s e d  to  compensate  f o r  t h e  

lewer  i n t a k e  r e s u l t i n g  from f eed  r e s t r i c t i o n  (see Appendix

I ) .  M o r t a l i t y  was recorded  d a i l y  and feed  consumpt ion 

r e c a l c u l a t e d  on a pe r  ch i cken  b a s i s  on t he  day of  de a t h .  

Kith t he  ex ce p t i o n  o f  exper iment  12, c h i c k e n s  remained on 

t hese  r a t i c r s  f o r  12 weeks (2 weeks be fo r e  ESV- inocu la t i on  

and 10 weeks t h e r e a f t e r )  a t  which t ime t he  exper imen t  was 

t e r m ina t ed .  I n  exper imen t  12, c h i c k e n s  were p l aced  on 

ex pe r imen t a l  r a t i o n s  a t  4 weeks o f  age and remained on t h e s e  

r a t i o n s  f o r  4 weeks a t  which t ime t he  exper iment  was 

t e r m i n a t e d .

A commerc ia l l y  mixed grower ( r a t h e r  t h a n  s t a r t e r )  f e ed  

(medicated wi th 0.0125% amprcl ium and 0.0004% e th op ab a t e )

was used i n  exper imen t  6. E e s t r i c t e d  c h i c k e n s  r e c e i v e d  t h e

same f eed  ex ce p t  t h a t  t h e  m in e ra l  and v i t amin  c o n t e n t  was

auqmented t c  compensate f c r  feed  r e s t r i c t i o n  (see Appendix

I I ) .  The amount of f e ed  consumed by t he  f u l l - f e d  c h i c k e n s

was c a l c u l a t e d  twice  weekly.  The r e s t r i c t e d  g roups  r e c e i v e d
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15% and 503, r e s p e c t i v e l y ,  o f  t he  feed  consulted by the  

f u l l - f e d  c h i c k en s  r a t h e r  t han  60% in p r e v i o u s  e x p e r i m e n t s .  

M o r t a l i t y  was r ecorded i n  a l l  decks  on a d a i l y  b a s i s  and 

feed consumpt ion r e c a l c u l a t e d  cn a per  ch i cken  b a s i s  on the 

cay of  d e a t h .  Feed r e s t r i c t i o n  beqan when the c h i c k s  were 6 

weeks of aqe (with HSD- inocu la t i on  a t  8 weeks c f  aqe) and 

con t i nued  u n t i l  t e r m i n a t i o n  of  the  exper iment  a t  70 days 

p o s t - i n o c u l a t i c n  (PI) (18 weeks of a g e ) -

Throuqhout  e x pe r im e n t s  7, 8 and 11, c h i c k en s  were fed 

commercial ly nixed s t a r t e r  (medicated wi th O.C043 aiuprolium 

anc b a c i t r a c i n  methylene d i s a l i c y l a t e )  f eed  l i b i t u m .

In  ex pe r imen t s  9 acd 10, a commerc ia l l y  mixed q ro v e r  

feed (medica t ed  wi th 0.C1253 amprol ium and 0,004% 

e thopaba te )  was used s i n c e  t h e s e  ch i ck en s  were 18 and 20 

weeks o f  a ce ,  r e s p e c t i v e l y ,  a t  the t e r m i n a t i o n  o f  t h e  

exper iment .  Minera l s  and v i t a m in s  were no t  added t o  t he  

f eed .  The r e s t r i c t e d  q i cups  r ece ived  603 of  t h e  f e ed  

consumed by t he  f u l l - f e d  c h i c k e n s .  M o r t a l i t y  was r e c o r d e d  

in  a l l  decks  on a d a i l y  b a s i s  on t h e  day of  d e a t h .  There 

were two r e s t r i c t e d  groups i n  e xp e r i m e n t s  9 and 10. Cne 

qroup of  c h i c k e n s  was f ee d  r e s t r i c t e d  a t  4 weeks c f  age and 

t he  second a t  6 weeks c f  age.  Feed r e s t r i c t i o n  c o n t i n u e d  

u n t i l  t e r m i n a t i o n  o f  t h e  exper imen t  a t  70 days  PI (18 and 20 

weeks of aqe i n  e x pe r i m e n t s  9 and 10, r e s p e c t i v e l y ) .
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B od y Weights

In a l l  F i c t e i n - c a l o r i e  r e s t r i c t i o n  e x p e r i m e n t s ,  a l l  

chickens  were weiqhed i n d i v i d u a l l y  e v e r y  2 weeks from the  

time t hey  were p l ac ed  on t he  feed  t r e a t m e n t s  u n t i l  

t e r m i n a t i o n  c f  the  ex p e r i m e n t .  Data  on t he  e f f e c t  of r a t i o n  

cn body we ight ,  unconfounded by t h e  e f f e c t  of  tumor ,  was 

provided by one r e p l i c a t e  of  f u l l - f e d  and one r e p l i c a t e  o f  

each qroup of  r e s t r i c t e d - f e d  u n i n o c u l a t e d  c h i c k en s  i n  

exper iment s  q,  E, 6 ,  9 and 13.

V i ru s  and Vi rus  I n o c u l a t i o n  P rocedure  

A h i g h ly  p u r i f i e d  pseudotype of Bryan high t i t e r  Sous 

sarcoma v i r u s ,  subgroup A, d e s i g n a t e d  BH-ESV (BAV-1) and 

ab b re v i a t ed  iSV-1,  was used.  The v i r u s  was s u p p l i e d  by Dr.  

L. B. C r i t t e n d e n ,  BPRI, cf  the 0 .  S.  Department  o f  

A g r i c u l t u r e ,  Eas t  L a r s i n q ,  Michigan,  and was s t o r e d  i n  

l i q u i d  n i t r o q e n .  The s t o c k  v i r u s  was d i l u t e e  in  Hanks '  

balanced s a l t s  s c l u t i c r  c o n t a i n i n g  5^ f e t a l  c a l f  serum p lu s  

100 u n i t s  p e n i c i l l i n ,  100 ug s t r e p t o m y c i n  (GIBCC) and 10 ug 

hya lu ro n i da s e  (Sigma Chemical) pe r  ml. A l l  ch i c ks  i n  

HSV-induced turner s t u d i e s  were i n j e c t e d  s u bc u t an e ou s l y  i n  

t he  l e f t  winq-web wi th  0 .05  ml o f  a 10 3 d i l u t i o n  o f  the 

s t oc k  v i r u s .  The v i r u s  dose was e q u i v a l e n t  t o  a pp ro x im a t e ly  

10 pock-forminq u n i t s  when measured cn the c h o r i o a l l a n t o i c  

membranes of  s u s c e p t i b l e  embryos.
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Tumor Measuremen ts  

Beginninq a t  6 days PI t h e  winq-web of each chick  was 

examined f o r  the p r e s en c e  o f  a pr imary  tumor d a i l y  u n t i l  no 

new tumors appea red .  Tumors were examined f o r  s i  2e a t  2, 3, 

4 ,  6, 8 and 10 weeks a f t e r  ESV- inocu l a t i on-  Tumor s co re

{sub jec t i ve )  was based  upon t h e  f o l l o w in g  c r i t e r i a  ( C o l l i n s  

e t  a l . , 1977):

Score  C r i t e r i o n

0 No p a lp a p l e  turner

1 S n a i l  tumor (>0 and uf to  0 . 5  
cm d i ameter )

2 Turner (>0.5 cm up to  1.2 cm 
d i amete r )

3 Tuner (>1.2 cm up t o  h a l f  
wing-web a r ea )

4 Tumor (>ha l f  wing-wet  a r e a ,  bu t  
< c c n p l e t e  wing-web)

5 Tumor ( f i l l e d  winq-wet  a rea  
complet e ly )

6 Tumor (massive;  ex tended  
beyond winq-web)

I n  exper imen t  13, tumors  were s u b j e c t i v e l y  s co red  f o r  

s i z e  and in  a d d i t i c E ,  t he  twe l a r g e s t  d i n e r s i o n s  were 

measured with v e r n i e r  c a l i p e r s  to  t he  n e a r e s t  0 .01  cm. The 

a rea  of  the tumor was c a l c u l a t e d  u s ing  t h e  f c r n u l a  f o r  an 

e l l i p s e  (Sch i ernan  e t  a J . , 1977) .
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Tumor P r o f i l e  I ndex (TPI)

The t u n e r  s c o r e s  cf  each ch i cken  were p l o t t e d  a q a i n s t  

the day t he  tumor was s u b j e c t i v e l y  sco red .  Eased upon t h e  

c r i t e r i a  helcw (C o l l i n s  e t  a l .  , 1277),  a turner p r o f i l e  i ndex 

( I f l )  was a s s i g n e d .

TPI C r i t e r i o n

1 Complete r e g r e s s i o n  fcy 28 days ,  
o r  e a r l i e r

2 Complete  r e g r e s s i o n  by 42 or 
56 days

3 Complete r e g r e s s i o n  .by 70 days ,  
or a d e c r e a s i n g  s l o p e ,  o r  
comp le t e  r e g r e s s i o n  by 42 or
56 days  fo l l owed  by r e c u r r e n c e

4 Gene ra l  upward t r e n d ,  or  
p l a t e a u ;  s l i g h t  r e g r e s s i o n  
a f t e r  56 days

5 Termina l  tumor p r i o r  t o  70 
days

3 loed C c l l e c t i o n  

Blood was o b t a i n e d  f o r  blood t y p in g  by l a n c i n g  t he  

b r a c h i a l  ve in  with a s c a l p e l  and c o l l e c t i n g  s e v e r a l  d rops  of  

blood in a screw cap t e s t  t ube  c o n t a i n i n g  2 ml of 10% sodium 

c i t r a t e  s o l u t i o n .  Chicks were blood typed  f o r  E 

a l l o a n t i g e n s  a t  2 . 5  weeks c f  age i n  t h e  l a b o r a t o r y  o f  Dr.

H. E. B i i l e s ,  Nor the rn  I l l i n o i s  U n i v e r s i t y ,  DeKalb, 

I l l i n o i  s.
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Celaved Wat t le  Reac t i on  (E KB) Tes t

The DWB t e s t ,  exper iment  11, was used t c  s tudy t he  

c e l l - m e d i a t e d  immune r esponse  t c  d i p h t h e r i a  t c x c i d  (DT) i n  

u r i n c c u l a t e d  ch i ckens  frcm the  F2 and F3 q e n e r a t i o n s  of  a 

c i c s s  of EPRL l i n e s  6-1 and 15-1 ,  and l i n e s  6 - 3 ,  7 -2  and 

105. The procedure  was t h a t  o f  K l e s i u s  e t  .§1. (1577) ,  wi th

m o d i f i c a t i o n s ,  and i s  d e sc r i b e d  be lcw.

I  mm u n i z a t i o n .  DT was o b t a i n e d  from Dr.  Frank 

McCarthy, Wyeth L a b o r a t o r i e s ,  M a r r i e t t a ,  Pennsy lva n i a -  DT 

was e m u l s i f i e d  i n  complet e  F r e u n d ' s  ad ju v a n t  t o  g ive  a f i n a l  

c o n c e n t r a t i c n  cf  10 I f  DT/ml. Each ch i ck en  was i n j e c t e d  

subcu taneous ly  a t  t h r e e  s i t e s  wi th  a t o t a l  of  1 ml o f  t h i s  

emulsion.  A l l  immunized c h i c k e n s  were a t  l e a s t  12 weeks 

c ld .

T e s t . A EWB t e s t  was made on each ch icken  t h r e e  t imes  

a t  2 week i n t e r v a l s  s t a r t i n g  3 weeks a f t e r  i n i t i a l  

immunizat ion.  c e n t r e  1 c h i c ke n s  were i n c l u d ed  i n  t he  

exper iment ,  bu t  no t  immunized,  and were t e s t e d  3 weeks a f t e r  

the t e s t  chickeES a long  with p r e v i o u s l y  immunized c h i c k e n s .

Al l  immunized and c o n t r o l  ch i ck en s  were c h a l l e n g e d  by

i n t r a d e r m a l  i n j e c t i o n  o f  1 I f  DT in  0.1 ml c f  0.015 M

phosphate  b u f f e r e d  s a l i n e  (PBS) c o n t a i n i n g  1X normal chick

serum (NCS) i n t o  t h e  r i g h t  w a t t l e .  The l e f t  w a t t l e ,  s e r v i n q

as t he  c o n t r c l ,  was i n j e c t e d  with 0 .1  ml of  NCS-PE5 o n l y .  A

27-qauqe need l e  was u sed.  The t h i c k n e s s  of each  w a t t l e  a t
%

the s i t e  or i n j e c t i o n  was measured wi th  a v e r n i e r  c a l i p e r  to 

the  n e a r e s t  0.01 cm a t  h8 hours  a f t e r  each c h a l l e n g e .



Phy tohem agg lu t i n in  {PH A) Tes t

The EHA t e s t  was used to de t e rmine  t he  e f f e c t  o f  405f 

p r o t e i n - c a l c i i e  r e s t r i c t i c n  upcr  c e l l - m e d i a  ted immunological  

c a p a c i t y  of u n i no cu l a t e d  ch ickens  in exper iment  12. The 

method f ee  prcducinq  c h i c k  sp l een  c e l l  su s p e n s io n s  and t h e  

p r o t o co l  f o r  t he  PHA ass ay  were t h e s e  of Guyre (1979),  wi th 

mcdif i c a  t i o n s .

Sp l een  Ce l l  S u s p e n s io n s . s p l e e n s  were removed and 

placed i n t o  ap p rox ima te ly  15 ml of  fiPMI 1640 media (GIECC) 

in a P e t r i  d i s h .  The c a p s u l e  su r ro u n d i n g  t h e  sp l e en  was 

removed and d i s c a r d e d .  The sp l een  was t e a s ed  i n t o  sma l l  

fnaqments  us ing  f o r c e p s .  A s i n g l e  c e l l  su spen s ion  was made 

ty drawinq t h e  f r agmen ts  cf  s p l e e n  i n t o  a sy r i nge  and g e n t l y  

e x p re s s in g  them. T h i s  was r e p e a t e d  u s i n g  an 18-gauge need l e  

f ol lowed by a 22 -qacqe  need l e-  Remaining l a r g e  f r agmen ts  

were a l l owed t o  s e t t l e  f o r  a b c n t  5 minut es .  The s u p e r n a t a n t  

was c e n t r i f u q e d  a t  90 x q fo r  2 minu te s .  The s u p e r n a t a n t  

was saved and c e n t r i f u q e d  i n  a 12 ml c o n i c a l  c e n t r i f u g e  t ube  

f o r  10 minut es  a t  150 x q .  The fcuffy c o a t  was c a r e f u l l y  

s t i r r e d  i n t o  the f r a c t i o n  l a y e r ,  t h e  lymphocyte  r i c h  

f r a c t i o n  was removed wi th  a s t e r i l e  Eas t eu r  p i p e t t e  and 

placed i n  a c o n i c a l  c e n t r i f u g e  t u b e .  The lymphccyte  r i c h  

f r a c t i o n  was c e n t r i f u q e d  a t  200 x g f o r  10 m in u t e s .  The 

p e l l e t e d  c e l l s  were r esuspended  i n  Du l becco ' s  1.11 X PBS and 

washed t w i c e .  The sp l e en  c e l l s  were t hen  r esuspended  in 

EEMI 1640 c u l t u r e  medium c o n t a i n i n g  2 mH I - g l u t a m i n e  

( f r e s h ly  added ) ,  10 51 f e t a l  c a l f  serum, 100 ug s t r e p to m y c i n
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and 100 u n i t s  p e n i c i l l i n  per  ml o f  medium and immedia te ly  

used i n  t he  PHA assay .

E M  Assay.  Sp l een  c e l l  d e n s i t y  was a d j u s t e d  to 3 . 3 3  x
6

10 c e l l s / n l  and 150 ul were added to each o f  10 n i c r o t i t e r  

wel l s  (Vanqard,  U-bot tcm p l a t e )  f o r  each sp l e en  sample  

t e s t e d .  E i f t y  m i c r o l i t e r s  o f  a s t o c k  PHA (Sigma) s o l u t i o n  

(60 ug PHA/ml fiPHI 16 40 media) s e r e  added t o  each  o f  f i v e  

t e s t  w e l l s .  E i f t y  m i c r o l i t e r s  o f  1640 media were added t o  

each of  f i v e  c o n t r o l  we l l s .  The c u l t u r e s  were i n c u b a t e d  fo r  

72 hours  i n  a humid i f i ed  5 % CC2 i n c u b a t o r  a t  39C, t hen  

c u l t u r e d  f o r  16 hou r s  with 1 uc i  t r i t i a t e d  t hymid ine  (New 

Enqland Nuc l ea r ,  5 . 7  Ci /mncle)  and h a r v e s t e d  by s e c t i o n  onto 

q l a s s  f i b e r  f i l t e r s  (Whatman 934) using a Hash I I  

( F i c r o b i o l o g i c a l  As so c i a t e s )  c e l l  h a r v e s t e r .  F i l t e r s  were 

dr ied  a t  r c c a  t em pe ra tu r e  o v e r n i g h t ,  p l aced  i n  s c i n t i l l a t i o n  

v i a l s  wi th  10 ml t c l u e n e  (Baker) c o n t a i n i n g  0 .4 $  2,5

d iph eny lo xaz a l e  (EEC) and 0.00525®

1 ,4 - b i s r 2 - (S-phenoxazclye)  ' -benzene  (ECECP) (Packard) and 

counted i n  a Packard T r i - c a r b  s c i n t i l l a t i o n  c o un t e r  (gain 

51$,  windows 50-1000) .

A s t i m u l a t o r y  i ndex  (s i)  was c a l c u l a t e d  f o r  each sample  

as  f o l l o w s :

Mean cpm PHA t r e a t e d  c e l l s
S I  - ---------------------------------------------------------------------------------------------------------------------------

Mean cpn u n t r e a t e d  c e l l s
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Assa v fo r  A n t ibodv  P r c d u c t i o n 

An a s say  fo r  a n t i bo dy  p r od uc t i on  a q a i n s t  sheep  

e r y t h r o c y t e s  was r s ed  t o  d e t e r d n e  the e f f e c t  of  40'? 

p r o t e i n - c a l o r i e  r e s t r i c t i o n  upon humoral  immunologica l  

c apac i ty  c f  u n i n c c u l a t e d  c h i c k e r s  i n  exp e r im en t  12.

I mmuniza t i o n .  Five ch i ck ens  pe r  r e p l i c a t e  i n  

exper iment  12 sere  immunized wi th  1.0 ml of 1% sus pe n s io n  o f  

sashed sheep  e r y t h r o c y t e s  a t  5 and 5 .5  weeks of  a c e .  At 7 

weeks of  aqe each c l i c k  r e c e i v e d  a b o o s t e r  immuniza t ion  o f

1.0 ml of 13 s u s p en s io n  o f  washed sheep e r y t h r o c y t e s .

Se r aa  C o l l e c t i o n , a b l ocd  sample was o b t a i n e d  from 

each c h i c k e r  a t  both  6 and 8 weeks of  age by l a n c i n g  t he  

b r a c h i a l  ve in  with a s c a l p e l  and c o l l e c t i n g  the blood i n  

s t e r i l e  screw cap t e s t  t u b e s  w i t ho u t  h e p a r i n .  The whole 

t l o od  was a l lowed t o  c c a q u l a t e  a t  37c f o r  1 hou r  and,  upon 

s y n e r e s i s ,  s e r a  were c o l l e c t e d  with P a s t e u r  p i p e t t e s  and 

placed i n  s t e r i l e  sc rew cap v i a l s .  The v i a l s  were hea t ed  in  

a 56C wa te r  t a t h  f o i  e re  hour tc i n a c t i v a t e  complement .  The 

serum samples  were t hen  used i n  t h e  h e m a g g l u t i n a t i o n  t e s t .

Hemaqqlu t  i n a t i o n  T e s t .  The p r o t o c o l  f o r  t h e  

h e a a g q l u t i n a t i c n  t e s t  was t h a t  o f  He rber t  ( 1578) ,  wi th 

m o d i f i c a t i o n s .  Each serum sample was t i t e r e d  i n  m i c r o t i t e r  

F l a t e s  (Vangard,  U-bot tom p l a t e ) .  In t h e  f i r s t  w e l l ,  a 

d i l u t i o n  of  1:5 was made by a dd i ng  0.G25 ml of serum t o  

0.100 ml of  PBS. A t w o - f o l d  d i l u t i o n  was made by 

t r a n s f e r r i n g  0.050 ml o f  d i l u t e d  serum i n t o  0.050 nl  of  PBS, 

r e p e a t e d l y .  The f i i a l  wel l  se rved  a s  a c o n t r o l  with 0.050
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a l  PBS. F i f t y '  n i c r o l i t e r s  cf  1% sheeF e r y t h r o c y t e s  were 

then added to each w e l l .  !Ihe m ic ro t i  t e r  p l a t e s  were 

i ncuba t ed  a t  37C f o r  2 hou r s  a t  which t i n e  each wel l  was 

examined fo r  t e m a q q l u t i r a t i o n .  The t i t e r  was de t e rmined  as 

the i n v e r s e  o f  the  f i n a l  d i l u t i o n  cf  serum in  t h e  l a s t  wel l  

shoving h e a a q q l u t i n a t i c n .

i c j l  f lg£hojs g a l c u l a t j c n s

Data were s u b j e c t e d  t c  a n a l y s i s  o f  v a r i a n c e  (Snedecor  

and Cochran ,  1967).  I n  a l l  t h ese  a n a l y s e s  s t a t i s t i c a l  

s i g n i f i c a n c e  was de t e r mi ne d  a t  P < 0 . 0 5 .  A mean s e p a r a t i o n  

t e s t  (Duncan,  1955) was made r e g a r d l e s s  o f  s i g n i f i c a n c e  o f  F 

(St ee l  and T o r r i e ,  1960; Chev, 1977) i n  ex p e r im e n t s  wi th an 

equa l  number c f  e x p e r i m e n t a l  c n i t s .  Because of  unequal  

number of  e x p e r i m e n t a l  u n i t s  i n  ex p e r im e n t s  7 and 8,  t he  

Bayes k - r a t i c  t  (LSD) t e s t  (Wal ler  and Duncan, 1969) was 

made i n  t h e s e  e x p e r i m e n t s .

I n  c a l c u l a t i n g  mean tumor s c o r e  f o r  a g iven  r e p l i c a t e ,  

t he  tumor  s c c r e  of  c h i c k e n s  dying with turner p r i o r  t o  

t e rm i n a t i o n  o f  the  e xp e r i me n t  e n t e r e d  i n t o  t h e  d e t e r m i n a t i o n  

i n  su bs egu en t  weeks.  I n  t he  ex t reme c a s e ,  f o r  example ,  a 

r e p l i c a t e  i n  which n ine  c h i c k e n s  have d i ed  wi th tumor (score  

6) and one ch icken  c c m p le t e l y  r e g r e s s e d  i t s  tumor ( score  0) 

i s  b e s t  r e p r e s e n t e d  with a mean tumor s c o r e  c f  5 . 4  r a t h e r  

than e l i m i n a t e  t h e  dead c h i c k en s  and g ive  t h a t  r e p l i c a t e  a 

mean s c o r e  cf  C.0-
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Two q e n e t i c  sys tems  were used t o  s t udy  t h e  e f f e c t  of  

4̂ 055 p r o t e i n - c a l c r i e  r e s t r i c t i o n ,  and of the  i n t e r a c t i o n  o f  

p r o t e i n - c a l o r i e  r e s t r i c t i o n  and qeno type ,  upcn tumor 

development i t  ch i c ken s .  L ines  6-3  and 105 were u t i l i z e d  i n  

exper iment s  1 and 2 whale £2B2 and £5£5 c h i c k e n s  from th e  F2 

qe n e r a t i o n  c f  a c r o s s  o f  l i n e s  6-1 and 15-1 were used i n  

exper iment s  3 ,  4 and 5. The r e s u l t s  cf  t h e s e  f i v e

exper iment s  have been pub l i shed  {Clark g t  a l .  , 1980).

Chickens c f  each l i n e  cr  cf  each B geno type  were 

randomized t c  f c u r  r e p l i c a t e s  cf  a p p rox im a t e ly  1C ch i ck en s  

each with ap p ro x i m a te ly  e q u a l  numbers o f  each sex per  

r e p l i c a t e .  Two r e p l i c a t e s  were t hen  a s s i q n e d  a t  random to  

each d i e t a r y  t r e a t m e n t  ( f u l l - f e d  o r  r e s t r i c t e d )  w i th in  each 

l i n e  o r  £ geno type .  Each exper imen t  was a r r a n g e d  

f a c t o r i a l l y  i n  a c o m p l e t e ly  randomized b lock  d e s i g n .

Body Weight C o n t r o l s . F igu r e  1 g i v e s  t he  e f f e c t  of

d i e t a r y  r e s t r i c t i o n  c r  hcdy weight  in u n i n c c u l a t e d  B2B5

chickens  in exper imen ts  4 and 5. A f t e r  12 weeks on d i e t a r y

t r ea t m en t s  (from 4 to 16 weeks of age) , r e s t r i c t e d - f e d
33
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chickens  in ex pe r imen t s  4 and 5 weighed 58 .7  and 59.4/! ,  

r e s p e c t i v e l y ,  of  t h a t  o f  f u l l - f e d  c h i c k e n s .  E e s t r i c t e d - f e d  

ch i ckens  co n t i n u ed  t o  ga in  weight  t h r c u q h c u t  the  

expe r imen t s .
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FIGURE 1* Mean body weight of uninoculated controls at 
various ages, experiments k and 5* Mean body weight was calculated for each of two replicates within a dietary treatment and the arithmetic mean of the two replicates was plotted for each experiment. + and *, Full-fedi ■ and 0, Restricted-fed.



Perc.entagje c f  c h i c k e n s  De v e l c r i n g  Tumors, in l i n e  6-3 

76% of the  r e s t r i c t e d - f e d  and 63% of  t he  f u l l - f e d  c h i c k e n s  

developed t u n e r s .  In l i n e  105, however ,  22? o f  t h e  

r e s t r i c t e d - f e d  and 54? o f  t h e  f u l l - f e d  ch i ckens  developed 

tumors.  An a n a l y s i s  c f  va r i a n ce  of  these  p e r c e n t a g e s ,  

t rans formed to a r c s i n s  (Ta t le  1 ) ,  shoved t h a t  l i n e  by 

d i e t a r y  t r e a t m e n t  i n t e r a c t i o n  e f f e c t  s i g n i f i c a n t l y  

i n f l u en ced  the  p e r c en t a g e  cf  c h i c k e n s  deve l op in g  tumors .

I n  exper imen t  3,  73% o f  a l l  ch i c ken s  deve loped  tumors .  

Ccns ider i nq  t c t h  S2ji2 and £5@5 g e n o t y pe s ,  £6? of  t he  

r e s t r i c t e d - f e c  and 90% cf  the f u l l - f e d  c h i c ke n s  developed 

tumors (Tabl e  2) .  An a n a l y s i s  of va r i ance  o f  t h e  d a t a  

under lying Tabl e  2 shoved t h a t  a s i g n i f i c a n t l y  l o v e r  

pe r cen t age  cf  r e s t r i c t e d - f e d  than f u l l - f e d  c h i c k e n s  

developed tumors.

N i n e t y - s i x  p e r c e n t  c f  t he  c h i c k e n s  i n  exper imen t  4 and 

100% of t hose  in exp e r im en t  5 developed tumors .  T h e r e fo r e ,  

iE t he se  e x p e r i n e n t s  the da t a  on pe r c en t a ge  of c h i c k e n s  

developing t u n e r s  were n e t  s ub j e c t ed  to s t a t i s t i c a l  

a n a l y s i s .



TABLE 1

Analysis of variance testing effect of line, dietary treatment, and interaction upon
tumor development, experiments 1 and 2

 Mean squares fori
Mean % of
chickens Mean length ' Mean tumor score

Source of variation df
developingtumors1 of latent Deriod 2 3 4 6 8 10 MeanTPI

Experiment 1 261.9 0.37 0.01 0.81 0.71 6.80 4.83 5.88 1.89
Line (L) 1 1481.3* 0.02 0.24 0.44 1.36 2.46 0.64 0.57 0.02
Dietary treatment (D) 1 142.6 2.68 2.81* 2.29* 1.74 1.79 1.90 2.6 2 0.01
L X D 1 795.1* 0 . 0 5 0.07 0.33 1.45 0.41 1.28 2.31 0.12
Residual 11 75.7 1.92 0.18 0.32 0.73 1.53 2.10 2.40 0.48

*Percentages converted to arcsin before analysis
*P < 0 . 0 5



TABLE 2

Mean p e r c en t a g e  of  c h i c k e n s  deve lop ing  t u n e r s  by 

genotype  and d i e t a r y  t r e a t m e n t ,  ex pe r imen t  3

Genotype F u l l - f e d Best  r i c  t ed
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L a t e n t  p e r i o d . Tine  e l a p s i n g  p r i o r  to f i r s t  appearance  

of tumor was c o n s i s t e r t l y  l c n q e r  in r e s t r i c t s c -  f ed t han  i n  

f u l l - f e d  c l i c k e r s  i n  a l l  f i v e  e xp e r i m e n t s .  Ana lys i s  o f

var iance  of the da t a  f o r  e xp e r i me n t s  1 and 2 (Tel le  1) and

for  expe r imen ts  3 ,  4 and 5 (Table 3) ,  however ,  showed t h a t

r e s t r i c t e d  f ee d i ng  s i g n i f i c a n t l y  de l ayed  t he  appea rance  o f  

the tumor i n  e x pe r im e n t s  3 t h r o u g h  5 o n l y .  The ave rage

delay due t c  f e ed  r e s t r i c t i o n  i n  the  l a t t e r  t h r e e

exper imen ts  was 1.7 days compared t o  0 . 8  day f o r  ex pe r ime n t s  

1 and 2.  The e f f e c t s  of l i n e  and J  geno type  on t i e  t ime of  

f i r s t  appea rance  of  t i e  t u n e r  were no t  s i g n i f i c a n t  i n  any o f  

the f i v e  e x p e r i m e n t s .

Tumor s c o r e .  Bean tumor s c o r e  by l i n e  aEd d i e t a r y

t r e a t m e n t ,  aver aged  a c r o s s  e x pe r im en t s  1 and 2, i s  p l a t t e d  

in Figure  2.  Fcr  each o f  t he  s i x  p e r i o d s  t h a t  tumors were 

scored f o r  s i z e  t h e  mean tumor s c o r e  of  r e p l i c a t e s  was 

su t - j ec ted  t c  a n a l y s i s  cf v a r i a n c e  (Table 1) .

E e s t r i c t a d - f e e d i n g  r educed  tumor s c o r e  s i c E i f i c a n t l y  

r e l a t i v e  t o  t h a t  o f  f u l l - f e e d i n g  a t  2 and 3 weeks

p c s t - i n o c u l a t i c n  ( P I ) ,  b u t  F i g u r e  2 showed t h i s  d i f f e r e n c e  

to be due p r i m a r i l y  t o  t h e  r e s p o n s e  of  l i n e  6 - 3 .  l i n e  and 

l i n e  by d i e t a r y  t r e a t m e n t  i n t e r a c t i o n  e f f e c t ,  d i d  no t  

s i q n i f i c a n t l y  i n f l u e n c e  tumor s i z e  a t  any of  t he  p e r i o d s  a t  

which tumors  were s c o re d  in  t h e s e  two e x p e r i m e n t s .



TABLE 3

Analysis of variance testing effect of genotype, dietary treatment, and interaction upon
tumor development, experiments 3» 4 and 5

Source of variation df

Mean sauares fort
Mean length 
of latent neriod 2

Mean.tumor score (week PI) 
3 4 6 8 10 MeanTPI

Experiment 2 17.51 2.92 1.01 1.39 2.05 2.4 6 2.41 0.69
B genotype (G) 1 0.00 0.01 2.85* 33.82* 96.28* 112.67* 125.63* 24.36*
Dietary treatment (D) 1 16.67* 2.29* 1.98* 1.56 0.36 0.47 0.40 0.00
G X D 1 0.32 0.02 0.02 0.06 0 . 0 6 0.03 0 . 2 3 0.09
Residual 18 0.46 0.16 0.42 0.79 0.31 0.20 0.14 0.0?

*P ̂  0 . 0 5

O
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FIGURE 2. Mean tumor score of line 6-3 and line 105* respectively, at six different times PI for experiments 1 and 2. The mean tumor score of two replicates within line and dietary treatment was calculated for each 
experiment and the arithmetic mean of the experiment was plotted. The tumor score of chickens dying with 
tumor prior to 10 weeks entered Into the determination of mean tumor score of a replicate In subsequent weeks. *, 6-3 Full-fedi ■, 6-3 Restricted-fed; + , 105 Full- fed; 0, 105 Restrlcted-fed.
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Hean t u a c r  s c o re  t y  £ genotype  and d i e t a r y  t r e a t m e n t /  

averaqed a c r o s s  e x p e r i m e n t s  3, 4 and 5, a re  graphed in

r i q u r e  3. An a ly s i s  of  v a r i a nc e  of  t h e s e  d a t a  a r e  q iven  i n

l a b l e  3.  J32E2 genotype  had s i q n i f i c a n t l y  s m a l l e r  mean tumor

score  t han  £5£5 genotype  a t  3* 4, 6, 8 and 10/ hut  not  a t  2 

weeks FI .  B e s t r i c t e d - f e d  c h i c k e n s  had s i g n i f i c a n t l y  r ed u ced  

mean tumor s i z e  a t  2 and 3 weeks PI by 0 .7  and 0 .6  s c o r e ,

r e s p e c t i v e l y ,  compared t o  f u l l - f e d  c h i c k e n s .  Genotype by

d i e t a r y  t r e a t m e n t  i n t e r a c t i o n  e f f e c t  f o r  tumor s i z e  was 

minimal and n o t  s t a t i s t i c  a l l y  s i g n i f i c a n t .

Tumor P r o f i l e  I ndex  (TEI) .  A TPI was a s s i g n e d  t o  each

chicken.  Within a l i n e ,  mean TPI f o r  f u l l - f e d  v e r s u s

r e s t r i c t e d - f e d  c h i c k en s  was n e t  c o n s i s t e n t  f o r  e x p e r i m e n t s  1 

and 2 .  Thus the  a n a l y s i s  o f  t h e  TPI d a t a  (Table 1) showed 

t h a t  t h e  e f f e c t s  of  l i r e ,  d i e t a r y  t r e a t m e n t  and l i n e  by 

d i e t a r y  t r e a t m e n t  i n t e r a c t i o n  were no t  s i g n i f i c a n t -

In ex pe r i m e n t s  3 ,  4 and 5, t h e  mean TPI f o r  B2B2 h o s t s  

was 2 .7  compared to  4 . 7  f o r  £5fi5 c h i c k e n s .  D i f f e r e n c e s  i n  

mean TPI between f u l l - f e d  and r e s t r i c t e d - f e d  c h i c k e n s  were 

smal l  and n o t  s i g n i f i c a n t  (Table 3 ) .  The.  e f f e c t  o f  £

qenotype was s i g n i f i c a n t  bu t  t h a t  o f  £  genotype  t y  d i e t a r y

t r ea tm en t  i n t e r a c t i o n  was n o t .
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FIGURE 3« Mean tumor scores of B2B2 and 35B5 chickens, respectively, at six times PI for experiments 3 , 4 and 
5. The mean tumor score of two replicates within B 
genotype and dietary treatment was calculated for each experiment and the arithmetic mean of the experiment means plotted* The tumor score of chickens dying with tumor prior to 10 weeks entered into the determination of mean tumor score of a replicate in subsequent weeks. *, B2B2 Full-fedi ■, B2B2 Hestricted-fedj +, B5B5 FulT-fedj 0, B5B5 RestrTcted-fed. “ “
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s ummary.  S u s c e p t i b i l i t y  t o  t u i ior  f o r m a t io n  was 

s i g n i f i c a n t l y  a f f e c t e d  fcy t h e  l i n e  by d i e t a r y  t r e a t m e n t  

i n t e r a c t i o n  e f f e c t .  That  i s ,  in  l i n e  6-3 a h i g h e r  

pe rcen t age  cf  r e s i r i c t e d - f e d  than f u l l - f e d  c h i c k e n s  

developed tumors whi le  t h e  o p p o s i t e  was t r u e  i n  l i n e  105. 

Line did ne t  s i g n i f i c a n t l y  a f f e c t  the number of  days  t o  

f i r s t  ap pea rance  o f  t u n e r ,  mean turner s co re  a t  2,  3,  4 ,  6 ,  8 

and 10 weeks PI ,  o r  TPI- For ty  p e r c e n t  p r c t e i n - c a l o r i e  

r e s t r i c t i o n  s i g n i f i c a c t l y  reduced mean tumor s c o r e  a t  both  2 

and 3 weeks PI by C.£ s c o r e  compared t o  f u l l - f e d  c h i c k e n s .  

Ihe e f f e c t  c f  p i o t e i n - c a l c r i e  r e s t r i c t i o n  cn l a t e r  tumor 

development c r  on TPI was n e t  s i g n i f i c a n t  d e s p i t e  t h e  f a c t  

t h a t  tumor s co re  i n  6 -3  r e s t r i c t e d - f e d  c h i c k en s  was 

c o n s i s t e n t l y  below t h a t  c f  6 -3  f u l l - f e d  c h i c k e n s  t h roughou t  

the e x p e r i m e n t a l  p e r i o d  (F igu re  2) .

S u s c e p t i b i l i t y  t c  tumor fo r m a t io n  was s i g r i f i c a n t l y  

reduced in r e s t r i c t e d - f e d  compared t o  f u l l - f e d  c h i c k e n s  from 

the F2 g e n e r a t i o n  progeny of  l i n e s  6-1 and 15-1. 

P r o t e i n - c a l c r i e  r e s t r i c t i o n  s i g n i f i c a n t l y  d e l a y ed  t h e  

appearance  o f  tumor by 1.7 days  and s i g n i f i c a n t l y  r educed  

mean tumor s c o r e  a t  2 and 3 weeks a f t e r  RSV-1 i n o c u l a t i o n  by 

C.7 and 0 .6 s c o r e ,  r e s p e c t i v e l y ,  compared to  f u l l - f e d  

ch ickens .  J 2 J 2  h o s t s  had s i g n i f i c a n t l y  s m a l l e r  tumors  

between 3 and 10 weeks El and a s m a l l e r  mean TPI t han  B5Q5 

hos t s .  Kean tumor s c o r e  cf r e s t r i c t e d - f e d  c h i c k e n s  was 

c o n s i s t e n t l y  below t h a t  o f  f u l l - f e d  c h i c k e r s  cf  both 

genotypes  t h r ou gho u t  the 10 week e x p e r i m e n t a l  pe r i o d  (Figure
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3) ,  however ,  not  s i q n i f  i ca  n t l y  so a f t e r  3 weeks P I .  

D i f f e r e n ces  i n  mean TPI between r e s t r i c t e d - f e d  and f u l l - f e d  

c h i ckens  were g e n e r a l l y  i n  f av o r  o f  r e s t r i c t e d - f  e c c l i c k e r s ,  

but  t he  d i f f e r e n c e s  were not  s i g n i f i c a n t .
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Comparison of  25 and 50 Pe rc e n t  P r o t e i n - c a l o r i e  

R e s t r i c t i o n  on lumor Development

E f f e c t  of  l e v e l  o f  p r o t e i n - c a l o r i e  r e s t r i c t i o n  upon 

BSV-induced tumor development  was s t u d i e d  i n  exper imen t  6.  

In  p r ev io us  e xp e r i m e n t s ,  c h i c k e n s  were r e s t r i c t e d  40%, based 

upon e a r l i e r  work of  E r .  R. C. Hingrose  wi th  t h i s  l e v e l  

of feed r e s t r i c t i o n  i n  c h i ck ens  ( p e r s o n a l  communicat ions)  . 

In exper iment  6, the  two r e s t r i c t e d  g roups  r e c e i v e d  75 and 

50$,  r e s p e c t i v e l y ,  o f  t h e  f eed  consumed ty f u l l - f e d  

ch i ckens .  These l e v e l s  cf f eed  r e s t r i c t i o n  were chosen t o  

de te rmine  the e f f e c t  of  25 and 50$ r e s t r i c t i o n  r e l a t i v e  to  

t h a t  of  40% r e s t r i c t i o n  used i n  p r e v i o u s  e xp e r i m e n t s  on

tumor development .

There  were t h r e e  ha t c h es  i n  t h i s  e x p e r i m e n t ,  each 

designed i d e n t i c a l l y .  In  each h a t c h  c h i c k s  were a s s i gn e d  a t  

random t o  one cf twelve  r e p l i c a t e s  of ten  c h i c k e n s  eac h .  

Four r e p l i c a t e s  r e c e i v e d  t he  50% p r o t e i n - c a l o r i e  r e s t r i c t e d  

t r e a t m e n t ,  f o u r  t he  25% p r o t e i n - c a l o r i e  r e s t r i c t e d  t r e a t m e n t  

and f o u r  were f u l l - f e d .  Three r e p l i c a t e s  of each  d i e t a r y

t r ea tm en t  were i n o c u l a t e d  w i th  BSV-1, wh i l e  t he  f o u r t h

served as  a body weight  c c n t r c l .  Line 6K was u s e d .

Body Height  Contro I s .  Mean body weight  o f  t h e  

un inocu l a t ed  c o n t r o l s  ty d i e t a r y  t r e a t m e n t ,  aver aged  a c r o s s  

ha t ches ,  i s  p l o t t e d  in f i g u r e  4. a f t e r  12 weeks on the  

d i e t a r y  t r e a t m e n t s ,  the  25% p r o t e i n - c a l o r i e  r e s t r i c t e d

ch i ckens  of ha t c h es  1, 2 and 3 weighed 76 .3 ,  74 .9  and 64.2%,
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r e s p e c t i v e l y ,  o f  t h a t  o f  f u l l - f e d  c h ic k e n s .  l i k e w i s e ,  th e  

50% p r o t e i n - c a l o r i e  r e s t r i c t e d  ch ic k en s  weighed £6 .0 ,  53.1

and 45.9%, r e s p e c t i v e l y ,  c f  t h a t  c f  f u l l - f e d  c h ic k e n s .
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FIGURE 4. Mean body weight of uninoculated controls at 
various ages, experiment 6 . Mean body weight was calculated for each replicate within a dietary treatment for each hatch and the arithmetic mean of the three 
hatches plotted. *, Full-fedt ■ , 25% Restricted-fedi +, 50% Restricted-fed.
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P e r c e n ta g e  of C h ickens  D e?e lo s in g  Tumors. P e r c e n t a g e s  

of c h ic k e n s  d e v e lc p in q  tumors by ha tch  a rd  d i e t a r y  

t r e a tm e n t ,  averaqed a c i c s s  r e p l i c a t e s ,  a r e  g iven  i n  T ab le  4. 

Sy combininq h a tc h e s  s u s c e p t i b i l i t y  to  RSV-inci'ced tuiror 

fo rm at ion  was lower in  bo th  25 and 5051 p r o t e i n - c a l o r i e  

r e s t r i c t e d  c h i c k e n s  compared t o  f u l l - f e d  c h i c k e n s .  An 

a n a l y s i s  of  v a r i a n c e  o f  t h e s e  p e r c e n t a g e s ,  t r a n s fo rm e d  to  

a r c s i n s  (Table  5 ) ,  showed t h a t  d i e t a r y  t r e a tm e n t  e f f e c t  d id  

ne t  s i g n i f i c a n t l y  i n f l u e n c e  t h e  p e r c e n t a g e  of c h ic k e n s  

developing  t u n e r s .
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TABLE 4

Mean p e r c e r t a q e  of  l i n e  6K c h ic k e n s  d ev e lo p in q  tumors 

by d i e t a r y  t r e a tm e n t  and h a tc h ,  e x p er im en t  6

I

1
$

1
I

i

Dietary - - - - - - - r  - n -  ■ —  _  i- —
Hatch

TTT ■  1 ■ ■  ■  ! ■  m  LM

Treatment 1 2 3 Combined

f u l l - f e d 55.2 73.3 72.6 6 6 . 9 a

H e s t r i c t e d - f  ed (25%) 4 3.3 66.7 83.3 . 64. 4 a

R e s t r i c t e d - f e  d (50%) 16.7 73.3 77.8 5 5 . 9 a

C yera i l  mean 38.3 71.  1 77.9

Means hay inq  d i f f e r e n t  s u p e r s c r i p t s  a r e  s i c r i f i c a n t l y  

d i f f e r e n t  a t  P < C.C5. A iiean s e p e r a t i o n  t e s t  (Duncan,



TABLE 5

Analysis of variance testing effect of dietary treatment upon tumor development*
experiment 6

Mean sauares for*
Mean $£ of chickens Mean length Mean tumor scpre (week PI)

Source of variation df developingtumors1
of latent period 2 3 4 6 8 10

MeanTPI
Hatch 2 1 8 1 6 .0 58.9 2.87 1.13 5*14 4,15 2.05 1.19 1.64
Dietary treatment 2 51.4 43.7* 3.97* 0.95* 0.44 0 ,0 1 0.39 0.04 0 .1 6

Residual 22 145.5 3.6 0 . 2 2  0.27 0.39 0.49 0.71 0.73 0 .3 8

1Percentages oonverted to arcsin before analysis
* P ̂  0 .0 5

inH
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p a t e n t  F e r i o d . lime e l a p s i n q  p r i o r  to  f i r s t  appearance  

of tumor iias c o n s i s t e n t l y  lo n g e r  in  th e  50% p r o t e i n - c a l o r i e  

r e s t r i c t e d  than  i n  the  25% p r o t e i n - c a l c r i e  r e s t r i c t e d  and 

f u l l - f e d  c h ic k e n s  in a i l  t h r e e  h a tc h e s  (Table 6 ) .  F u l l - f e d  

ch ickens  developed  tumors 7 .9  days a f t e r  i n o c u l a t i o n  with  

BSV-1 w h i le  th e  25 and 50% r e s t r i c t e d - f e d  groups developed 

tumors a t  fi.3 and 11.9 d a y s ,  r e s p e c t i v e l y .  The av e rag e  

de lay  with 50% p r o t e i n - c a l o r i e  r e s t r i c t i o n  compared to  25% 

p r o t e i n - c a l c r i e  r e s t r i c t i o n  and f u l l  f e e d i n g  was 2 .6  and 4 .0  

days ,  r e s p e c t i v e l y .  D ie ta ry  t r e a tm e n t  s i g n i f i c a n t l y  

a f f e c t e d  t h e  l e n g t h  o f  t im e  p r i o r  t o  f i r s t  appearance  o f  the  

tumor (Table  5 ) .  D u n c a n 's  n u l t i p l e  range t e s t  (Duncan, 

1955) showed t h a t  50% p r o t e i n - c a l c r i e  r e s t r i c t i o n  

s i g n i f i c a n t l y  de layed  turner fo rm a t io n  r e l a t i v e  t o  

f t l l - f e e d i n q  and t o  25% r e s t r i c t i o n .  Twenty f i v e  p e r c e n t  

r e s t r i c t i o n  was n o t  s i g n i f i c a n t l y  d i f f e r e n t  than  

f u l l - f e e d i n q .
9
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TABLE 6

Mean number o f  cays t o  f i r s t  appea rance  c f  tumor by 

d i e t a r y  t r e a tm e n t  and ha tch  i n  l i n e  6K, e x p e r im e n t  6

Hatch
Dietary

Treatment 1 2 2 Combine

F u l l - f e d 9 .2 • O 7 .4 7. 9a

E e s t r i c t e d - f e c (2 555) 10.0 7 .8 o• 8. 3a

E e s t r i c t e d - f e d (5055) 17.7 9.0 cr\t00 11. 9b

Means hav ing  d i f f e r e n t  s u p e r s c r i p t s  a r e  s i g n i f i c a n t l y  

d i f f e r e n t  a t  E < 0 .0 5 .  A aean  s e p a r a t i o n  t e s t  (Duncan,

1955) was made.
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Tumor S co re . Mean tumor s c o r e  o f  l i n e  6K ty  d i e t a r y  

t r e a tm e n t ,  averaged  a c r o s s  h a t c h e s ,  i s  p l o t t e d  i n  F ig u re  5. 

For each seek t h a t  tumors s e re  s c o r e d  f o r  s i z e  the  mean 

tumor s c o r e  c f  each  of th re e  r e p l i c a t e s  was s u b j e c t e d  t o  

a n a l y s i s  of v a r i a n c e  (Table 5 ) .  l i e t a r y  t r e a t m e n t  e f f e c t

s i g n i f i c a n t l y  i n f l u e n c e d  turner s i z e  a t  2 and 5 weeks P i -  

F i f t y  p e r c e n t  p r o t e i n - c a l o r i e  r e s t r i c t e d - f e d  c h ic k e n s  had 

s i g n i f i c a n t l y  s m a l l e r  tumors compared t o  bo th  25SJ 

p r o t e i n - c a l c r i e  r e s t r i c t e d  and f u l l - f e d  c h i c k e n s  a t  2 and 3 

seeks PI ,  a s  i n d i c a t e d  by Duncan 's  m u l t i p l e  range  t e s t .

TPI. The nean TPI f c r  th e  f u l l - f e d  c h i c k e n s  was 2 .8

compared to  2.6 f o r  bc th  r e s t r i c t e d - f e d  t r e a t n e n t  g roups 

(Table 7 ) .  An a n a l y s i s  of  v a r i a n c e  o f  mean T P I ' s  showed

t h a t  d i e t a r y  t r e a t m e n t  e f f e c t  d id  n o t  s i c n i f i c a n t l y

i n f lu e n c e  TPI.
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FIGURE 5« Mean tumor scores of line 6K by dietary treatment for experiment 6. The mean tumor score of three replicates was calculated for each hatch and 
the arithmetic mean of the hatch means was plotted. The tumor score of chickens dying with tumor prior to 10 weeks entered Into the determination of mean tumor score of a replicate In subsequent weeks.
*, Full-fedj ■, 25?C Bestrlcted-fed» +, 50% Restrlcted-fed.



56

TAELE 7

Mean TPI by d i e t a r y  t r e a tm e n t  and h a tc h  i t  l i n e  6K,

exper iment  6

Hatch
D ie ta ry  -------------------------------------------------------

Treatment  1 2  3 Combined

E u l l - f e d 3 .5 2 .7 2 .3 2 . 8 a

B e s t r i c t e d - f e d (25 X) 3.0 2 .6 2 .  6a

B e s t r i c t e d - f e  d (50*) 2 .8 2.8 2 .2 2 .  6a

Means hav ing  d i f f e r e n t  s u p e r s c r i p t s  a re  s i g n i f i c a n t l y  

d i f f e r e n t  a t  P < C.C5. A nean s e p a r a t i o n  t e s t  (Duncan,

1955) was made.
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Summary. P r a t e i r - c a l a r i e  r e s t r i c t i o n  did  no t  

s i g n i f i c a n t l y  i n f l u e n c e  t h e  p e rc e n ta g e  cf c h ic k e n s  

develop ing  t u n e r s .  Larqe l a t c h  d i f f e r e n c e s  may be due t o  

v a r i a b le  g e n e t i c  s u s c e p t i b i l i t y  of  t h e  c h ic k en s  t c  RSV- 1 or  

v a r i a b l e  p a t t e r n s  cf n c t r i t i c n a l  u t i l i s a t i o n s  between 

h a tc h es .

F i f t y  p e r c e n t  p r o t e i n - c a l o r i e  r e s t r i c t i o n  s i g n i f i c a n t l y  

delayed th e  ap pea rance  of  tumor and s i g n i f i c a n t l y  r ed u c ed  

mean tumor sc o re  a t  2 and 3 weeks PI  compared to  25% 

p r o t e i n - c a l c r i e  r e s t r i c t i o n  and f u l l - f e e d i n g .  The i n f l u e n c e  

of 50% p r c t e i n - c a l o r i e  r e s t r i c t i o n  cn tumor development  

a f t e r  3 weeks PI was n o t  s t a t i s t i c a l l y  s i g n i f i c a n t .

The d i f f e r e n c e  between th e  e f f e c t  of f u l l - f e e d i n g  and 

25% r e s t r i c t i o n  was n o t  s i g n i f i c a n t  f o r  any c f  the  t r a i t s  

s t u d i e d  in  t h i s  ex pe r im e n t  using l i n e  6K-
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E f f e c t  c f  Ace a_t F S V - in o c u la t i o n 

Cn T u jc r  Eevelocment

3 e fo re  s tu d y in q  the  e f f e c t  o f  l e n g t h e n i n g  the p e r io d  of  

p r o t e i n - c a l c r i e  r e s t r i c t i o n  F r i e r  to  B S V - in o c u la t i o n , t h e  

e f f e c t  o f  age of  t h e  ch ic k en  a t  B S V - in o c u la t io n  on tumor 

development  had t c  be i n v e s t i g a t e d .  S ince  o l d e r  c h ic k e n s  

sca ld  be i n o c u l a t e d  with FSV-1 in t h e s e  f u t u r e  e x p e r im en ts#  

i t  became n e c e s s a r y  t c  know whether  o r  n o t  t h e  age o f  t h e  

chicken a t  H S V - in o cu la t io n  would i n f l u e n c e  s u s c e p t i b i l i t y  to  

tumor f o r m a t i o n ,  tumor s i z e  and TPI .

I n  ex pe r im e n t  7 a p p ro x im a te ly  30 l i n e  6k c h i c k e n s  were 

hatched e v e r y  2 weeks ove r  a 10 week p e r i o d .  Rhen t h e  

e l d e s t  c h i c k e n s  were 14, and t h e  y o unges t  4. weeks o l d ,  a l l  

ch ickens  were i n o c u l a t e d  with BSV-1. In  t h i s  e x p e r im e n t ,  

e f f e c t  of  h a t c h  was confounded w ith  e f f e c t  c f  age a t  

H S V -in o cu la t io n .

I n  ex p e r im e n t  8 t h e r e  was one ha tch  of a p p ro x im a te ly  

200 l i n e  6K c h ic k e n s .  T h i r t y  were i n o c u l a t e d  with ESV-1 a t  

4 weeks o f  a g e .  Every 2 weeks t h e r e a f t e r  f o r  10 weeks 30 

mere c h i c k e n s  were i n o c u l a t e d .  A d i f f e r e n t  inoculum 

p r e p a r a t i o n  c f  BSV- 1 was csed f o r  each age group c f  c h ic k e n s  

in  t h i s  e x p e r im e n t .  E i f f e r e n t  v i r u s  p r e p a r a t i o n s  were used 

fo r  each l e t  c f  c h ic k e n s  s in c e  e x p e r i e n c e  had shown t h a t  

d i l a t e d  v i r u s  could  n o t  be s t o r e d  more than  24 h o u rs  w ithou t  

l e s in q  t i t e r -  Thus in  t h i s  e x p e r im e n t  v i r u s  p r e p a r a t i o n  and 

age o f  c h ic k e n s  a t  H S V - in c c u la t i c n  were confounded .
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P e r c e n t a c e  of £ h i c  ke n s Do velopincr Tumors .

S u s c e p t i b i l i t y  to  RSV-induced turner fo rm a t io n  was h ig h e r  f o r  

ch ickens  i n o c u l a t e d  a t  4 keeks cf aqe than f o r  o th e r  age 

groups when e x p e r im e n ts  7 and 8 were combined ( l a t l e  8 ) .

in  exper im en t  7 s u s c e p t i b i l i t y  t c  tumor fo rm a t io n  

d e c l in e d  as ace a t  i n o c u l a t i o n  i n c r e a s e d  with th e  e x c e p t i o n  

of c h ic k e n s  i n o c u l a t e d  a t  14 weeks o f  age .  S ince  h a tc h  

e f f e c t ,  i f  p r e s e n t ,  was confounded with e f f e c t  of age o f  t h e  

h o s t  a t  B S V - in o c u la t io n ,  i t  i s  p o s s i b l e  t h a t  th e  f i r s t  ha tc h  

(chickens i n o c u l a t e d  a t  14 weeks of age) was g e n e t i c a l l y  

mere s u s c e p t i b l e  to  KSV-1 than  t h e  l a t e r  h a t c h e s .

in  exp er im en t  8 ,  c h ic k e n s  i n o c u l a t e d  a t  12 and 14 weeks 

of age appeared  to  be th e  l e a s t  s u s c e p t i b l e  to  BSV-induced 

tumor f o r m a t io n .  The v a r i a t i o n  among th e  f o u r  younger  

qroups was r e l a t i v e l y  s n a i l  and may have  been due t o  

d i f f e r e n c e s  i n  t i t e r  o f  th e  d i f f e r e n t  RSV-1 p r e p a r a t i o n s  

use d.
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1ABLE 8

P e rc e n ta g e  o f  l i n e  6K c h ic k e n s  deve lop in g  tumors 

ty ace a t  i n c c u l a t i c r ,  e x p e r im e n t s  7 and 8

Age a t  Experiment
I n o c u l a t i o n  ------------------------------------------------------
(Weeks) 71 82 Combined

4 83.3 70.0 7 5 .9

6 75 .0 66.7 7 0 .7

8 58.6 73.3 66. 1

10 47.1 60 .0 53. 1

12 39.4 3 6 .7 38. 1

14 72.2 29 .0 5 2. 2

O v era l l  61.4 5 5 .8  5 8 .6

t h i c k e n s  batched a t  2 week i n t e r v a l s ,  a l l  i n o c u l a t e d  on

the same c a l e n d a r  d a t e .
2A l l  c h ic k en s  ha tched  a t  cne t im e ,  g ro u p s  o f  30 

in o c u la t e d  a t  2 week i n t e r v a l s .
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Tumor Score . Kean turner score  by aqe a t  

R S V - in o c u la t i c r  f o r  each week t h a t  tumors were s c o re d  in  

experiment  7 a re  q iv e r  in  Table  9 .  A s e p a r a t e  a n a l y s i s  o f  

variance  of tumor s c o r e  was made fo r  each c f  th e  s ix  p e r i o d s  

t h a t  tumors  were s c o re d  f o r  s i z e .  The c h ic k e n  was th e  

ex p e r im e n ta l  u n i t .  I n  each  a n a l y s i s  t h e  s c u r c e s  of  

v a r i a t i o n  were aqe  cf h o s t  a t  i n o c u l a t i o n ,  s ex  and 

i n t e r a c t i o n  of  sex  and aqe o f  hos t  a t  i n o c n l a t i c r .  I n  each 

a n a l y s i s  t i e  e f f e c t  of age cf the  h o s t  a t  R S V -in o cu la t io n  

was s i g n i f i c a n t .  Sex and i n t e r a c t i o n  e f f e c t s  were no t  

s i g n i f i c a n t .  At 4 weeks PI th rou g h  t e r m i n a t i o n  o f  the  

exper im en t ,  c h ic k e n s  i n o c u l a t e d  a t  4 weeks o f  age had 

s i g n i f i c a n t l y  l a r g e r  tumors th an  c h ic k e n s  i n o c u l a t e d  a t  

c id e r  a g e s .  (Comparisons o f  mean tumor s c c r e  sho u ld  be made 

w i th in  a column, i . e .  week P I ) .

Mean tumor s c o r e  by aqe a t  RSV-1 i n o c u l a t i c n  f o r  each 

week t h a t  turners were s c o r e d  ir .  exper im ent  8 a r e  g iven  in 

Table 10. A s e p a r a t e  a r a l y s i s  cf v a r i a n c e  of tumor s c o r e  

was made f o r  each o f  th e  s i x  p e r i o d s  t h a t  tumors were s c o re d  

fo r  s i z e .  The c h ick en  was th e  e x p e r i m e n t a l  u n i t .  In each  

a n a l y s i s  the  s o u r c e s  o f  v a r i a t i o n  were aqe a t  i n o c u l a t i o n ,  

sex and i n t e r a c t i o n  o f  sex  and age a t  i n o c u l a t i o n .  The 

e f f e c t  o f  age c f  th e  t e s t  a t  RSH-inoc u l a t i o n  was s i g n i f i c a n t  

in  each a n a l y s i s .  Sex and i n t e r a c t i o n  e f f e c t s  were no t  

s i g n i f i c a n t .  At 6, 8 and 10 weeks P I ,  c h ic k e n s  i n o c u l a t e d  

a t  4 weeks of age had s i g n i f i c a n t l y  l a r g e r  tumors than th e s e  

i n o c u l a t e d  a t  8, 10, 12 . an d  14 weeks of  age with one
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3
$ excep t ion — t h o s e  m c c u l a t e d  a t  14 veeks of age a t  6 weeks'#L
I P I .  At 6 ,  8 and 10 weeks P l # c h ic k e n s  i n o c u l a t e d  a t  6 weeks

| o f  aqe had i n t e r m e d i a t e  s i z e d  tumors a t  6 and 8 weeks P I .
I| T PI . tfean T PI’s  t y  aqe a t  R S V -inocu la t ion  a re  a l s o

| g iven i n  la fc les  9 and 10 f c r  e x p e r im e n t s  7 and 8,
\  '

| r e s p e c t i v e l y .  In e x p e r im e n t  7 (Table  9) c h ic k e n s  i n o c u l a t e d
jI
| a t  4 weeks c f  age had s i q n i f i c a n t l y  h ig h e r  T P I ' s  t h a n

| ch ic k en s  of a l l  o t h e r  age q roups .  In exp er im en t  8 (Table

? 10) c h ic k e n s  i n o c u l a t e d  a t  4 and 6 veeks o f  age had

i; s i g n i f i c a n t l y  h ig h e r  I P l ' s  than the  o t h e r  g ro up s .
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TABLE 9

L e a s t  s q u a r e s  lean  turner s c c r e  and TPI by age 

a t  i n o c u l a t i o n ,  e x per im en t  7

Age a t  
Inoc u l a t i o n

Kean Tumor Score 

(Seek PI)
K ean

f (Weeks) 2 3 4 6 8 10 T E l

i 4 3 . 2 a 4 .  3a
a

4 . 0
a

J 3 .  0a 2 . 8a 3 . 8a

j 6 2 . 9^ 3. ^
b

2 . 1 1 . 2b 0 .  9b 0 . 6b 2 . 4b

j 8 3 . 0 ** 3. 6^
b

2 . 5 1-  3b 1.  2b 1 . 2b 2 . 5b

: 10 2 . 7b -  »c ~ £
b

2 . 3 1-  & 0 . 8b 0 . 7b 2 . 4b

I 12 2 . 0 C 2- 4bc 1. 6 b 0 -  5b 0 .  2b 0 .  P 2 . 1b

I ih 2 . 9 ab 3 - 2 1 . 7b 1 . 0b 1 . 0b i . o b 2 . 4b

Chickens l a t c h e d  a t  2 week i n t e r v a l s ,  a r e  i n o c u l a t e d  on 

the same c a l e n d a r  c a t e .  Means w i th in  a eolemn having 

d i f f e r e n t  s u p e r s c r i p t s  a r e  s i g n i f i c a n t l y  d i f f e r e n t  a t  

P S. 0 .05 .  Bayesian k - r a t i o  t  (LSD) t e s t  (Waller  and Duncan, 

1969) was made f o r  mean tumor s c o r e s  w i th in  each week PI  and 

f c r  mean TP^s.
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1 ABLE 1 0

L e a s t  s q u a r e s  mean tumor s c o r e  ar.d TPI ty ace 

a t  i n c c u l a t i c n ,  e x p e r im e n t  8

Kean Tumor Score

qe a t
in o cu la t ion
Seeks) 2 3

(Week

4

PI)

6 8 10
Kean
1PI

4 - ,ai i t .  1a 3 .7 a 3.1® 3 .  Ia 3. 0a 3 .8a

6 3 .  0a 3. I**3 3. I3*3 2- 4 ^ 2 . / h 2 . 2 ^ 2.4*

8 2 . 9 a 3 . 2 ^ 2- 5bc 1 • 4bc 1.5" 1.3b 3 .d °

10 2. 3b 2. 7° 1.8° 1.2° 1 . F 1 . f 2.3F

12 2 .3b 3. Cc 3 .0 1.2° 1.rf* 1.0b 2.6bc

14 2. 1b 3. 0C _ „ab 3. 0 1 . 8 ^ ° i . i * 1.1* 2 . ^ c

All  c h ic k e n s  h a tch ed  a t  one t im e ,  groups  of  30 

i n o c u l a t e d  a t  2 week i n t e r v a l s .  Keans w i th in  a column 

having d i f f e r e n t  s u p e r s c r i p t s  a r e  s i g n i f i c a n t l y  d i f f e r e n t  a t  

P < 0 .0 5 .  B ayes ian  k - r a t i o n  t  {LSD) t e s t  (Waller  and 

Cuncan, 1969) was made fox nean tumor s c o r e s  w i th in  each 

week P I  and fo r  mean TPl's.
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Summary. lounqer  c h ic k e n s  ( i . e . ,  4 weeks c f  aqe a t  

E SV -incu la t ion )  ap p ea re d  to  be more s u s c e p t i b l e  t o  

EEV-induced tumor f o r m a t io n  t h a n  c h ic k en s  v a r y i r q  in  aqe up 

t c  14 weeks cf  ace a t  time cf i n c c u l a t i c n .  The i n c i d e n c e  o f  

tumors i n  c h ic k e n s  i n o c u l a t e d  a f t e r  6 weeks o f  ace v a r i e d  

between th e  two e x p e r im e n ts  and i s  d i f f i c u l t  t o  e v a l u a t e .  

The v a r i a t i o n  i s  due in p a r t  t c  t h e  d i f f e r e n t  p ro ce d u res  i n  

ex p e r im e n ts  7 and 8 and a l s o  t o  p o s s i b l e  d i f f e r e n c e s  in  the  

c e n e t i c  s u s c e p t i b i l i t y  c f  the h c s t  t c  ESV-1 i n  the  d i f f e r e n t  

h a tches  w i th in  exper im en t  7.

In  both e x p e r im e n ts  c h ic k e n s  i n o c u l a t e d  with  ESV-1 a t  4 

weeks o f  aqe had l a r c e x  tumors than  c h i c k e n s  i n o c u l a t e d  a t  

c id e r  a g es  p a r t i c u l a r l y  a f t e r  3 weeks P I -  B e s id e s  having 

l a r q e r  tu m ors ,  c h i c k e n s  i n o c u l a t e d  a t  4 weeks o f  age were 

l e s s  a b l e  to  r e g r e s s  ESV-induced tumors a s  i n d i c a t e d  by 

la rq e  T P I ’s .  There  was no s i g n i f i c a n t  d i f f e r e n c e  in  mean 

T P I 's  of c h ic k en s  i n o c u l a t e d  a t  10, 12 and 14 weeks o f  age 

in  e i t h e r  e x p e r im e n t .
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O f  l e n g t h  o£  40 P j f g e n t  P£ot£iJIr£al&Li£ 

R e s t r i c t i o n p r i o r  t o  BSV-incc u l a t i o r.

Cn l uxaor Development

I n  a l l  p r e v io u s  e x p e r im e n t s ,  c h ic k e n s  were p laced  on 

r e s t r i c t e d  d i e t s  2 weeks p r i o r  to  R S V - in o c u la t io n .  The 

e f f e c t  o f  l e n g th e n in g  the  p e r io d  of p r o t e i n - c a l o r i e  

r e s t r i c t i o n  p r i o r  to  i n o c u l a t i o n  w i th  RSV-1 was s tu d ie d  in  

exper iments  9 ard  10. l e n g t h e n i n g  the pe r iod  of r e s t r i c t i o n  

may enhance  the  d e p r e s s in g  i n f l u e n c e  cf  feed  r e s t r i c t i o n  on 

tumor growth .

L in e  6K c h ic k e n s  were p laced  cn r e s t r i c t e d  d i e t s  a t  4 

and 6 weeks o f  aqe with  RSV-1 i n o c u l a t i o n  a t  8 weeks in  

experiment  9 a rc  a t  10 veeks of age in  exp er im en t  10. Thus,  

over t h e  two e x p e r im e n ts  th e  l e n g th  cf f e e d - r e s t r i c t i o n  

period p r i o r  to  v i r u s  i n o c u l a t i o n  ranqed from 2 t c  6 weeks. 

The r e s t r i c t e d  c h ic k en s  r e c e i v e d  60?? of the  f e e d  consumed by 

the f u l l - f e d  c h ic k e n s .

The c h ic k e n s  i n  each exper im en t  were ranccmized  to  

twelve r e p l i c a t e s  of a p p ro x im a te ly  10 c h i c k e n s  each with  

ap p ro x im a te ly  eq u a l  numbers o f  each sex  per  r e p l i c a t e .  Four 

r e p l i c a t e s  were r e s t r i c t e d - f e d  beg in n ing  a t  4 weeks, four  

r e s t r i c t e d  b eg in n in g  a t  6 weeks of age and f o u r  were f e d  ad 

l i b i t u m th roughout  th e  e x p e r im e n t .  In e x p e r im e n t  9 t h r e e  

r e p l i c a t e s  of each d i e t a r y  t r e a tm e n t  were i n o c u l a t e d  w ith  

ESV-1 a t  8 weeks of age and t h e  f o u r t h  r e p l i c a t e  se rved  a s  a 

tcay weight  c c t t r c l .  i n  e x p er im en t  10 a l l  f o u r  r e p l i c a t e s
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cf  each d i e t a r y  t r e a t m e n t  were i n o c u l a t e d  with ESV-1 a t  10 

veeks o f  aqe .

The f ee d  f o r  t h e  r e s t r i c t e d  qroups vas not  supplemented 

with m in e ra l s  and v i t a n i n s  in  e x p e r im e n t s  9 and 10.

Body Weight C o n t r o l s . Mean body weight  of u r i n o c u l a t e d  

c o n t r o l s  i n  exp e r im e n t  S by d i e t a r y  t r e a t m e n t  a r e  p l o t t e d  i n  

Fiqure  6 .  Chickens r e s t r i c t e d  a t  4 weeks o f  age weighed 

61.7% o f  t h a t  c f  f u l l - f e d  c h ic k e n s  a f t e r  14 weeks o f  

r e s t r i c t i o n  while c h i c k e n s  r e s t r i c t e d  a t  6 weeks o f  age 

weighed 62.2% a f t e r  12 weeks o f  r e s t r i c t i o n .
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E je r c g n ta j j  c£ C-higker s  M j e l o j l o a  Tujaajc^. Feed 

r e s t r i c t i c n  s t a r t i n g  a t  4 and 6 weeks c f  ace had no 

s i g n i f i c a n t  e f f e c t  cn the s u s c e p t i b i l i t y  of l i n e  6K to  

ESV-induced tu n e r  fo rm a t io n  in  e i t h e r  exper im en t  (Tables 11 

and 12).  In  exper im en t  9,  56.1% c f  the f u l l - f e d  c h ic k en s  

developed t u n e r s  while  6 7 .7  and 63.0?? of  th e  c h ic k e n s  

r e s t r i c t e d  a t  6 and 4 weeks o f  aqe deve loped  t u n e r s  (with 

a l l  c h ic k e n s  i n o c u l a t e d  with BSV-1 a t  8 veeks o f  a q e ) .  In 

exper im ent  10, £5-0X o f  th e  f u l l - f e d  c h ic k e n s  deve loped  

tumors whi le  82.8 and 70.0?? o f  t h e  c h ic k e n s  r e s t r i c t e d  a t  6 

and 4 weeks cf  age developed t u n e r s ,  r e s p e c t i v e l y  (with a l l  

c h ic k en s  i n o c u l a t e d  with ESV-1 a t  10 weeks c f  a q e ) .

L a t e n t  P e r i o d . I n  e x p e r im e n t  9 time e l a p s i n g  p r i o r  to  

f i r s t  ap p ea ra n c e  o f  turner was s i g n i f i c a n t l y  l e n g e r  i n  b o th  

t r e a tm e n t s  c f  r e s t r i c t e d  c h i c k e r s  than i n  f u l l - f e d  c h ic k e n s  

(Tables  11 and 13).  F u l l - f e d  c h ic k e n s  developed  tumors a t  

7.8 days a f t e r  i n o c u l a t i o n  with HSV-1 while ch ic k en s  

r e s t r i c t e d  a t  6 and 4 weeks cf aqe developed tumors a t  9 .9  

and 9.0  d a y s ,  r e s p e c t i v e l y .

In  e x p e r i i e n t  10 r e s t r i c t i c n  a t  6 veeks of aqe d e lay ed  

tumor a p p ea ra n c e  by 1.8 days bu t  n o t  s i g n i f i c a n t l y  so 

(Tables 12 and 14).



TABLE 11

Analysis of variance tasting effect of dietary treatment upon tumor development*
experiment 9

Mean sauares fori
Nean % of chickens Mean lensth Mean tumor soore (weeks PI)

Source of 
variation df developingtumors1

of latentperiod 2 4 6 8 10 MeanTPI
Treatment 2 3 1 .2 3.25* 0.47* 1.28 1.48 1.73 1.53 0.87
Residual 6 3 6 .8 0.31 0.02 0.80 0.51 0.63 0.70 0.20

1Percentages converted to arcsin before analysis
*P ̂  0.05



TABLE 12

Analysis of variance testing effect of dietary treatment upon tumor development,
experiment 10

Mean sauares for*
Mean % of chickens Mean length Mean tumor score (week PI)

Source of variation df developingtumors1 of latent period 2 4 6 8 10
MeanTPI

Treatment 2 6.3 4.17 0.13 1.13* 2 .21* U17* 0 .6 7 O .3 6

Residual 9 146.2 3.07 0.15 0 . 2 2  0.28 0,27 0 .3 8 0.13

Percentages converted to arcsin before analysis 
*P < 0.05



7 2

TABLE 13

Mean number of days t c  f i r s t  appea rance  of  tumors by 

d i e t a r y  t r e a tm e n t  in l i n e  6K, exper im en t  S

D ie ta r y  t r e a t m e n t  L a t e n t  p e r iod
(days)

F u l l - f e d  7 .8  4 0.4*

E e s t r i c t e d  a t  6 veeks of age 9 .9  ± 0. 4s

R e s t r i c t e d  a t  4 seeks  of age 9.C 4 0 . ^

All  c h ic k e n s  were i n o c u l a t e d  with RSV-1 a t  8 weeks o f

age. For  feed  r e s t r i c t e d  c h ic k e n s  th e  d u r a t i o n  of 

r e s t r i c t i c n  was 12 and 14 weeks, r e s p e c t i v e l y .  A mean 

s e p a r a t io n  t e s t  (Duncan, 1955) was made. Means hav ing  

d i f f e r e n t  s u p e r s c r i p t s  a r e  s i g n i f i c a n t l y  d i f f e r e n t  a t  

F < 0 .05 .
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T a B i i  14

Mean number of  days  t o  f i r s t  appea rance  of t u n e r  by 

d i e t a r y  t r e a t m e n t  in  l i n e  6K, e x p e r im e n t  10

D ie ta r y  t r e a tm e n t  L a ten t  p e r io d
(days)

F u l l - f e d  7 .6  ♦ 0. 4 a

H e s t r i c t e d  a t  6 weeks o f  aqe 9 .4  4 0 . 7 a

R e s t r i c t e d  a t  4 weeks o f  aqe 7 .6  j  0 . 3 a

A l l  c h ic k e n s  were i n o c u l a t e d  with RSV-1 a t  1C weeks o f  

aqe. For  feed r e s t r i c t e d  c h ic k e n s  the  d u r a t i o n  o f  

r e s t r i c t i o n  was 14 and 16 weeks, r e s p e c t i v e l y .  A mean 

s e p a r a t i o n  t e s t  (Duncan, 1S55) was made. Means h a v in g  

d i f f e r e n t  s u p e r s c r i p t s  a re  s i g n i f i c a n t l y  d i f f e r e n t  a t  

P < 0 .05 .
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Tumor S co re . Mean tamer s c o r e s  of l i n e  6K by d i e t a r y  

t r e a t m e n t ,  averaged a c r o s s  r e p l i c a t e s ,  i s  p l o t t e d  in F ig u r e s  

7 and 8 f o r  e xp er im en ts  9 and 10, r e s p e c t i v e l y .  J s e p a r a t e  

a n a l y s i s  of v a r i a n c e  of tumor s c o r e  was made fo r  each week 

t h a t  tumors were s c o red  f o r  s i z e .  The mean tumor s c o r e  o f  

each r e p l i c a t e  was s u b j e c t e d  to  a n a l y s i s  of v a r i a n c e  {Tables 

11 and 12).

In experiment  9 d i e t a r y  t r e a tm e n t  s i g n i f i c a n t l y

a f f e c t e d  tumor s c o r e  a t  2 weeks PI but  not  t h e r e a f t e r ,  b u t  

Fiqure  7 shows t h a t  the  t u n e r  sco re  of c h i c k e n s  r e s t r i c t e d  

a t  4 weeks of aqe was c o n s i s t e n t l y  below t h a t  c f  f u l l - f e d  

ch ickens  and c h ic k en s  r e s t r i c t e d  a t  6 weeks of age (2 veeks 

p r i o r  to  v i r u s  i n o c u l a t i o n )  from 4 weeks o r .  A mean 

s e p a r a t i o n  t e s t  (Duncan, 1955) showed t h a t  bo th  

r e s t r i c t s  a - f e d  t r e a t j r e n t  groups had s i g n i f i c a n t l y  s m a l l e r  

tcmors than  f u l l - f e d  ch ick ens  a t  2 weeks P I .

In  exper iment  10 d i e t a r y  t r e a tm e n t  s i g n i f i c a n t l y

a f f f e c t e d  turner s c o re  from 4 weeks through 8 seeks a f t e r

i n o c u l a t i o n  with BSV-1 a t  10 weeks c f  aqe.  A mean 

s e p a r a t i o n  t e s t  (Duncan, 1955) showed t h a t  both 

r e s t r i c t e d - f e d  t r e a tm e n t  g roups had s i g n i f i c a n t l y  s m a l l e r  

tumors th a n  f u l l - f e d  c h ic k en s  a t  4, 5, 6, 7 and 8 weeks P I .
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FIGURE 7. Mean tumor score of line 6k by dietary 
treatment for experiment 9* All chickens were inoculated with RSV-1 at 8 weeks of age* The mean tumor score of three replicates was calculated 
and the arithmetic mean of the replicate means was plotted* The tumor score of chickens dying with tumor prior to 10 weeks entered into the determin
ation of mean tumor score of a replicate in subsequent weeks. *, Full-fedi ■, Restricted-fed at 6 weeks of 
agei +, Restricted-fed a,t 4 weeks of age.
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FIGURE 8. Mean tumor score of line 6k by dietary 
treatment for experiment 10. All chickens were 
Inoculated with RSV-1 at 10 weeks of age. The mean 
tumor score of four replicates was calculated and 
the arithmetic mean cf the replicate means plotted. 
The tumor score of chickens dying with tumor prior 
to 10 weeks entered Into the determination of mean 
tumor score of a replicate In subsequent weeks.
*. Full-fedi ■« Restrlcted-fed at 2 weeks of agei 
+. Restrlcted-fed at k weeks of age.
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TP I . in  expe r imen t  9 the mean TPI foe  c h i c ke ns  

r e s t r i c t e d  a t  4 weeks cf  aqe was 1.9 compared to 2 . 8  f o r  

f u l l - f e d  ch i ck en s  and c h i c k e n s  r e s t r i c t e d  a t  6 weeks o f  aqe 

( l ab l e  15) .  Kean TPI f o r  c h i c ke ns  r e s t r i c t e d  a t  4 weeks of  

aqe was s i g n i f i c a n t l y  l ewer  t han  t h a t  f o r  t he  o t h e r  two 

d i e t a r y  t r e a t m e n t s .

I n  e xp e r i me n t  10 t h e  mean TPI fo r  c h i ck en  r e s t r i c t e d  a t  

4 and 6 weeks c f  age was 2 .5  and 2 .6  compared to 3 . 0  f o r  

f e l l - f e d  c h i c k e n s  (Table 16).  The d i f f e r e n c e s  ancng t h e s e  

mean TPI*s were n o t  s t a t i s t i c a l l y  s i g n i f i c a n t .
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TABLE 15

Kean TPI by d i e t a r y  t r e a t m e n t  i n  l i n e  £K, 

e j s p e r i n e n t  9

D i e t a r y  t r e a t m e n t Mean TPI

F u l l - f e d 2.8 + C .  2 a

R e s t r i c t e d  a t 6 weeks of age 2 .8  + 0.4 3

R e s t r i c t e d  a t 4 weeks of aqe 1.9 + 0 . 3 b

Al l  c h i c ke n s  were i n o c u l a t e d  wi th SSV-1 a t  8 weeks o f  

aqe. F c r  i eed r e s t r i c t e d  c h i c k e n s  t he  d u r a t i o n  o f  

r e s t r i c t i o n  was 12 and 14 weeks,  r e s p e c t i v e l y .  A nean 

s e p a r a t i o n  t e s t  (Duncan, 1S55) was irade. Means hav ing  

d i f f e r e n t  s u p e r s c r i p t s  a re  s i q n i f i c a n t l y  d i f f e r e n t  a t  

P < 0 .05 .
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TABLE 16

Mean TPI hy d i e t a r y  t r e a t m e n t  i n  l i n e  6 b ,  

e x p e r i m e n t  10

D i e t a r y  Trea tment  Mean TEl

P u l l - f e d  3 . 0  + 0.3a

R e s t r i c t e d  a t  6 weeks of aqe 2 .6  + 0 . ^

R e s t r i c t e d  a t  4 veeks cf  aqe 2 .5  ± C. &

Al l  c h i c k e n s  were i n o c u l a t e d  wi th  ESV-1 a t  10 weeks o f  

aqe.  For  r e s t r i c t e d  c h i c k e n s  t h e  d u r a t i o n  o f  f eed  

r e s t r i c t i c n  was 14 and 16 weeks,  r e s p e c t i v e l y .  A mean 

s e p a r a t i o n  t e s t  (Euncan,  1955) was nade.  Means having  

d i f f e r e n t  s u p e r s c r i p t s  a r e  s i g n i f i c a n t l y  d i f f e r e n t  a t  

P < 0 .05 .
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Summary. Fo r t y  F€ i c eu t  r e s t r i c t i c n  2, 4 and 6 . weeks 

p r i o r  t o  v i r u s  i n o c u l a t i o n  appeared  to have no e f f e c t  on the  

s u s c e p t i b i l i t y  t c  turner f o rma t i cn  in  l i n e  6K i n  expe r imen t s

9 and 10.  S i m i l a r l y  i n  exper iment  6 50% p r o t e i n - c a l o r i e

r e s t r i c t i c n  2 weeks p r i o r  t c  BSV-inoc u l a t i o n  had no e f f e c t  

cn s u s c e p t i b i l i t y  t c  tumor fo r ma t ion  i n  l i n e  6K.

I n  e xpe r i me n t  9 t h e  two r e s t r i c t e d  g roups  ( r e s t r i c t e d  2 

and 4 weeks pr i o r  t  c RSV- inoc u l a t i o n )  deve loped  tumors l a t e r  

and had s i q n i f i c a n t l y  s m a l l e r  turners a t  2 weeks PI  than  t h e  

f u l l - f e d  qroups .  I n  exper imen t  10 both  r e s t r i c t e d  groups  

( r e s t r i c t e d  a t  4 and 6 weeks p r i o r  to v i r e s  i n o c u l a t i o n  a t

10 veeks of  age) had s i g n i f i c a n t l y  s m a l l e r  tumors a t  4 

through 8 weeks PI t han  t h e  f u l l - f e d  group.  Leng then ing  the  

pe r i od  of r e s t r i c t i c n  combined with l a t e r  ESV- inocul a t ion

a p p a r e n t l y  de l ayed  t h e  e f f e c t  of  d i e t a r y  t r e a t m e n t  cn tumor 

s i z e  (F igu re s  7 and 8 ) .  However,  i n  ex pe r imen t  10 t he  

d i f f e r e n c e s  i n  mean I P I ' s  amonq t he  t h r e e  d i e t a r y  t r e a t m e n t  

qroups were net  s i g n i f i c a n t  (Table 16) . Thus even though 

tumors were s m a l l e r  in the  r e s t r i c t e d  groups  the  cutcome o f  

the tumor us ing  TPI as  t h e  c r i t e r i o n ,  was no t  a f f e c t e d ,  bu t

presumably t u n e r  burden  was s m a l l e r  i n  r e s t r i c t e d  g ro u p s .
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The D e l a y e d  H a t t i e  R e a c t i o n  T e s t  a s  an ij) v i v o  

Measure  o f  C e l l - m e d i a t e d  Immane R e s p o n s e

Before s t u d y i n q  t b e  e f f e c t  cf  p r o t e i n - c a l o r i e  

r e s t r i c t i o n  upon immunological  c a p a c i t i e s ,  t he  f e a s i b i l i t y  

of u s inq  t he  de layed  w a t t l e  r e a c t i o n  (DWR) t e s t  was 

i n v e s t i g a t e d .  The DWB t e s t  i s  an i,n v ivo  t e s t  i r  which f o r  

a q iven  c h i c k e n  t he  d i f f e r e n c e  between the  t h i c k n e s s  of  the 

w a t t l e  c h a l l e n g e d  wi th d i p h t h e r i a  t c x c id  (DT) and t h a t  o f  a 

c o n t r o l  w a t t l e  i n q e c t e d  with phosphate  b u f f e r e d  s a l i n e  (with 

n  normal ch ick  serum) i s  used a s  a measure of  c e l l - m e d i a t e d  

immune r e s p o n s i v e n e s s .  This  was exper iment  11.

,P>'R Tes t  in  (6-1 15 -11 F2 Ch ickens . I n  t h i s  p a r t  of

the  e xp e r i me n t ,  F2 g e n e r a t i o n  progeny of  a c r o s s  o f  l i n e s

6-1 and 15-1 were u sed .  32B2, B2B5 and B5B5 c h i c k e n s  o f  

both s exes  were u t i l i z e d  i n  t h e  s t u d y .  Th i r t y - c r . e  c h i c k e n s  

were immunized a t  13 weeks of  aqe wi th ET and cha l l en ged  

with ET t h r e e  t imes  a t  2 week i n t e r v a l s  f o r  one t e s t .  

F i f t e e n  nor- immunized ch i c ken s  s e rv e d  a s  c o n t r o l s .  F ive  of

t he  15 c e n t r e  1 c h i c k e r s  were t e s t e d  f c r  a r e s po nse  t o  DT a t

each c h a l l e n g e  p e r i o d .  The c c n t r c l  c h i c k e n s  d id  no t  r e spond  

i r  any of the t e s t s .

W a t t l e s  were measured a t  2U, 36 and 48 hou rs  a f t e r  each 

ch a l l en qe  with DT t o  de t e rmine  t he  t ime o f  maximun r e s p o n se .  

The r e p e a t a b i l i t y  o f  a s i n g l e  measurement  c f  the t h i c k n e s s  

of a q iven  w a t t l e  a t  a q iven  t ime ,  a s  de te rmined  by 

i n t r a c l a s s  c o r r e l a t i o n ,  was 0 .99 ,  t h u s ,  a w a t t l e  was
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measured c n l y  once a t  a g iven  t ime  in sub se g u e n t  c h a l l e n g e s -  

In a l l  t h r e e  c h a l l e n g e s  t h e  r e s pon se  . . a t  24 hc u r s  a f t e r  

cha l l eng e  was s i g n i f i c a n t l y  lcwer  than the r e s p on se s  a t  36 

and 48 ho u r s  which were not  s i g n i f i c a n t l y  d i f f e r e n t  frcni 

each o t h e r -  Thus,  i n  subsequen t  EWR c h a l l e n g e s ,  f o r  

conveni ence ,  w a t t l e s  were measured a t  48 hou rs  a f t e r  

ch a l l en ge  with ET.

The 48-hcur  r e s p c n s e  r e s u l t i n g  f rcm each of  the t h r e e  

c h a l l e n g e s  f o r  each immunized ch i cken  was s u b j e c t e d  to an 

a n a l y s i s  c f  v a r i a n c e  ana an e s t i m a t e  of r e p e a t a b i l i t y  o f  

response ob ta ined -  R e p e a t a b i l i t y  was e s t im a t e d  t c  be 0 .48 .  

Since  t h i s  i s  c r l y  moderate  r e p e a t a b i l i t y  e ach  ch i cken  i n  

subsequent  DWE t e s t s  was c ha l l e ng ed  t h r e e  t im e s .

Mean r e spo nse  of  males and f ema le s  by 1 geno type  fo r  

each c h a l l e n g e  a r e  g iven i n  Table 17 t o g e t h e r  wi th  t he  

number o f  ch i ckens  t e s t e d -  I g n o r i n g  B genotype t h e  mean 

response  f c r  f emales  was 1.06 mm compared to C.57 mm f o r  

males- The mean r e s p o n s e ,  aver aged  a c r o s s  a l l  t h r e e  

c h a l l e n g e s  f o r  each  ch i cken  was s u b j e c t e d  t c  a n a l y s i s  c f  

va r i a nce  (Table 18).  The e f f e c t  of sex was s i g n i f i c a n t .  

E f f e c t  o f  j  genotype and t h e  i n t e r a c t i o n  of  B qe ro t y p e  and 

sex e f f e c t  were no t  s i g n i f i c a n t .
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TABLE 17

Mean r e sponse  (n i ]  1 ime t e r s )  t c  DT of (6-1 X 15-1)F2 

progeny t y  s e x  and B qenotype f o r  each of  t h r e e  

c h a l l e n g e s ,  exp e r im en t  11

Male Female

Chal lenge B2B2 3 2B5 B5B5 B2B2 E2E5 B5B5

1 0.37 0.60 o • <£
r

00 1.09 0.79 1.25

2 0.53 0 .78 0.53 1.10 1. 11 1.15

3 0.65 0.68 0.63 0.90 1.09 1.20

Combined 0.52 0 .68 0 .54 1.03 1.00 1.20

8 ember 6 4 4 7 7 4
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TABLE 18

L e a s t  s q u a r e s  a n a l y s i s  c f  DViE t e s t  i n  

(6 -1  X 15 - 1 )  F2 g e n e r a t i o n  p r o g e n y

Source o f  v a r i a t i o n  df  Hear squa re

B Genotype 2 2 .6

Sex 1 199.0*

E qenotype X Sex 2 5. 1

Besidual  26 8. 1

* P < 0 .05
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DSB Tes t  i n  (6-1 X 15-11 F3 C h i c k e n s . A t o t a l  o f  68

male and female  F3 g e n e r a t i o n  progeny of  c r o s s e s  of  l i n e s

6-1 and 15-1 were t e s t e d  in  twc h a t c h e s .  Twelve ch i ck ens

were i n  t he  f i r s t  ha t ch ,  52 in t h e  second.  Only B2B2 and 

jj5B5 c h i c k e n s  were i n c l u d e d  i n  t h e  s t u d y .  Chi ckens  were 

immunized a t  12 weeks of  aqe in  bo th  h a t c h e s .  The c r i t e r i o n

cf r esponse  f o r  each ch icken  was t h e  r e s p o n se  a t  48 hours

averaged a c r o s s  t h r e e  c h a l l e n g e s .

Beau r e sponse  o f  males and f ema le s  ty £  genc type  a r e

qiven i n  Tabl e  19 t o q e t h e r  with the number o f  c h i c k e n s  

t e s t e d .  The mean r e s po n se  f o r  f ema le s  was 0 .47 mm compared 

t c  0.20 mm f o r  mal es .  The mean r e sponse  f o r  each  ch i cken  

was s u b j e c t e d  t c  a n a l y s i s  c f  va r i a n ce  (Table 20) .  Sex,  J

qenotype,  and t he  s ex  by £ genotype i n t e r a c t i o n  e f f e c t s  were 

net  s i g n i f i c a n t .

DWR Tes t  in L ine s  6- 3 .  7 - 2  and 105 Chickens .  F o r t y - s i x  

adu l t  ch i c ken s  were t e s t e d .  Nine females  frcm each l i n e  and 

nine b-3 and t en  7-2 na le s  were t e s t e d .  No 105 males were 

t e s t e d .  The c r i t e r i o n  o f  r e s p o n s e  f o r  each ch i cken  was t he  

mean r e s po nse  a t  48 hours  a f t e r  each c h a l l e n g e  over  t h e  

t hree  c h a l l e n g e s .

The Bean r e s po nse s  of  males and f em a le s  by l i n e  are

qiven i n  Tab l e  21 t o q e t h e r  wi th  t he  number c f  c h i c k e n s  

t e s t e d .  In  l i c e  6-3 and 7-2 f ema le s  responded to a g r e a t e r  

e x t e n t  t han  males .  In both s e x e s ,  t h e  mean r e sponse  f o r  

l i n e s  7-2 was g r e a t e r  t han  t h a t  f o r  l i n e  6 -3 .  The mean 

r esponse  fo r  each ch i cken  was sub j e c t ed  to a n a l y s i s  o f
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v a r i a nc e  (Table 22) .  l i n e ,  sex and l i n e  by sex i n t e r a c t i o n  

e r f  s e t s  were s i g n i f i c a n t .
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l A B l E  19

Mean r e sponse  ( m i l l im e t e r s )  t o  ET of  (6-1 X 15-1) F3 

Froqeny iy sex,  B qenctype  and h a t c h ,  e xp e r i me n t  11

Hale Female

Hatch B2B2 B5B5 B2B2 B5B5

1 0.18 0.  15 0.  14 0 .53

2 o.  m 0. 25 0.24 0.75

Combined 0.15 0.23 0 .22 0.70

Number 13 18 18 19
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IflBLI 20

Leas t  sq ua re s  a n a l y s i s  o f v a r i a n c e of DWR t e s t  i n

(6- 1 X If-  1)F 3 c e n e r a t i c n p rcgeny , ex p e r im e n t  11

Source of  ■variat ion df Mean squa re

Hatch 1 663.6

fl Genotype 1 1750.4

Sex . . 1 3668.4

B qenotype  X Sex 1 1740.7

Hesidual 63 5 163.5

None of  the  mean s q u a r e s  t e s t e d  was s i g n i f i c a n t ,  

P < 0 .05 .
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TABLE 2 1

Mean response  ( n i l l i m e t e  i s )  t c  DT o f  l i n e s  6 - 3 ,

7 - 2  and 105 by l i n e  and s e x ,  experiment  1 1

Line Hale Fenale

6-3 0 .25 (9) 1.19 (9)

7-2 0.51 (10) 2.62 (S)

105 NT 0.4  3 (9)

Number i n  p a r e n t l e s i s  r e p r e s e n t s  number of  c h i c k e n s  

t e s t e d .

NT = n o t  t e s t e d
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TABLE 22

L eas t  sq u a r e s  a n a l y s i s  o f  v a r i a n c e  of DWR t e s t  i n  

l i n e s  6 - 3 ,  7-2 and 105,  exper imen t  11

Scurce of  v a r i a t i o n  df  Bean squa re

Line 2 989.2*

Sex 1 2179.9*

Line X Sex 1 3C2.5*

Res idual  41 49.0

* P < C.C5
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Summary. In t he  DWR t e s t  f e m a le s  from the  F2 

g e n e r a t i o n  prcqeny cf  a c r e s s  c f  l i n e s  6-1 and 15-1 

responded t o  DT c h a l l e n g e  t c  a g r e a t e r  e x t e n t  than did  males 

ficrn the same c r o s s .  The e f f e c t  of  g  genotype upcn t he  

immune r e sp on se  was n e t  s i q n i f i c a n t -

The DHR response  to  DT i n  F3 g e n e r a t i o n  progeny o f  a 

c r o s s  o f  l i n e s  6-1 and 15-1 was s m a l l e r  t han  t h a t  in t he  F2 

g e n e r a t i o n  prcceny p o s s i b l y  due t c  d i f f e r e n t  p r e p a r a t i o n s  o f  

D1 o r  to  s e g r e g a t i o n  o f  gene (s) i nvo lved  in t he  r e sp on se .  

There was no sex d i f f e r e n c e  i n  response  and B genotype  d id  

net  s i g n i f i c a n t l y  a f f e c t  the  DWE t e s t  i n  the 13 g e n e r a t i o n  

progeny.

The mean r e sponse  to  DT o f  l i n e  7-2 ch i c ken s  was 

q r e a t e r  t han  t h a t  c f  l i n e  6-3 i n  both males  and females-.  

E i t k i n  l i n e s  7-2  and 6-3 ,  t he  r e spo nse  t o  DT cf  f ema le s  was 

q r e a t e r  t h an  t h a t  c f  males a s  de te rmined  by the  DKF t e s t .

I n  t h i s  exper iment  (6-1 X 1 5 - 1 ) F2 and F3 ge n e r a t i o n  

proqeny were low r e s po n de r s  t o  DT us ing  t h e  EWE t e s t .  In  

e v a l u a t i n g  c e l l - m e d i a t e d  i  nnuncc cm pe fence i n  f u t u r e  

p r o t e i n - c a l o r i e  r e s t r i c t i o n  expe r ime n t s ,  i t  i s  n e c e s s a r y  t o  

use s t o c k s  which a r e  knevn r e s p o n d e r s .  Since  (6-1 X 15— 1)P5 

g e n e r a t i o n  progeny were going t o  be u se d ,  t h e  DflS t e s t  would 

be i n a p p r o p r i a t e .
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E f f e c t  c f  Genotype and 40 Pe r c e n t  F p o t e i r . - c a l o r i e  

Re s t r i c t i o n  on S p e c i f i c  Immunological  T es t s  

In Un inocula t  ed Chicke r.s

F o r t y  p e r c e n t  p r o t e i n - c a l o r i e  r e s t r i c t i o n  de l ay ed  t h e  

appearance  o f  BSV-induced t umors  ( expe r imen t s  3,  4 and 5) 

and r educed  turner s c o r e  d u r i n g  the  f i r s t  3 weeks PI 

( expe r iments  1 t h rouqh  5 ) .  The o b j e c t i v e s  of exper imen t  12 

were t o  compare t he  i n m u r c l c q i c a l  c a p a b i l i t i e s  c f  f u l l - f e d  

ve rsu s  p r o t e i n - c a l o r i e  r e s t r i c t e d - f e d  c h i c k e n s  and o f  E2E2 

ve r su s  £5j35 ch ickens -  The immure l c q i c a l  t e s t s  were a PHA 

assay as a c r i t e r i o n  c f  c e l l - m e d i a t e d  immunity ar.c a n t i b ody  

t i t e r  as  a measure c f  humeral  immuni ty.  The r e s t r i c t e d

ch i ckens  r e c e i v e d  60% o f  t h e  f ee d  consumed by t h e  f u l l - f e d

chickens  t e q i n n i n q  a t  4 weeks cf  age .

There  were two ha t c h es  i n  t h i s  expe r imen t ,  each 

des iqned i d e n t i c a l l y .  I n  both  h a t c h e s ,  c h i c k s  wi thin each £ 

genotype,  were a s s i g n e d  a t  raudcm to  one of f o u r  r e p l i c a t e s  

cf a pp ro x im a t e ly  10 c h i c ke ns  each wi th  approx ima te ly  egua l  

numbers o f  each sex per  r e p l i c a t e .  Two r e p l i c a t e s  were t hen  

a s s igned  t o  each d i e t a r y  t r e a t m e n t  ( f u l l - f e d  or  40% 

r e s t r i c t e d - f e d )  w i t h i n  each geno type .  Chicks  were no t  

KSV-inoc u l a t e d .

PHA Assay. At 4 ,  5, 6, 7 and 8 weeks c f  age one

chicken frcm each r e p l i c a t e  was s a c r i f i c e d  f c r  t he  PHA 

assay.  A s t i m u l a t o r y  i ndex (SI) f c r  each of two r e p l i c a t e s

wi th in  a genotype and d i e t a r y  t r e a t m e n t  f c r  each of  two
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ha tches  was c a l c u l a t e d -  Mean SI by £ genotype  and d i e t a r y  

t r e a t m e n t  f c r  each «eek a r e  q iven i n  Table 23- A s e p a r a t e  

a n a l y s i s  o f  v a r i a n c e  cf s i ' s  was made f o r  each veek t h a t  a 

PHA a s s a y  fcas done u s inq  t h e  SI for  t h e  ch i cken  from a 

r e p l i c a t e  as  t he  e x p e r i n e n t a l  u r i t  (Table 24) .  At 6 weeks 

of age t he  i n t e r a c t i o n  o f  B genotype  and d i e t a r y  t r e a t m e n t  

vas s i g n i f i c a n t -  Thus ,  6 -week-old  B2B2 f u l l - f e d  c h i c k e n s  

had h i g h e r  S i ' s  t han  c o r r e sp on d i n g  B2E2 r e s t r i c t e d - f e d  

ch i ckens  (Table 23) . Cn t h e  o t h e r  hand,  6 -week -c ld  B5B5 

r e s t r i c t e d  ch i ck ens  had h igh e r  S i ' s  t h an  t he  £5e 5 f u l l - f e d  

chicke  ns.
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1 ABIE 23

Mean s t i m u l a t o r y  i n d i c e s  in t h e  PHA assay  

by B. qenotyFe and d i e t a r y  t r e a tm e n t  and 

by aqe of  t he  c h i c k e n ,  exper iment  12

Aqe
(Weeks)

E2E2

F a l l - t e d  H e s t r i c t e d

JB5B5

F u l l - f e d  E e s t r i c t e d

4 13.7 6 .5 7 .0  4 .2

5 4.  1 4.5 6 .4  4.4

6 25.  1 1-8 2.1  8-0

7 1. 1 1.0 1.2 1.3

8 1-6 2.6 • 1

Each mean i s  t he  a r i t h m e t i c  mean cf  f c u r  c h i c k en s .
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3AB1I 24

A n a l y s i s  o f  v a r i a n c e  t e s t i n g  e f f e c t  c f  £  g e n o t y p e ,  

d i e t a r y  t r e a t n e n t ,  a rd  i n t e r a c t i o n  upon 

s t i m u l a t o r y  i n d i c e s  i n  th e  EH A a s s a y

a t  4 ,  5 ,  6 ,  7 and 8 weeks o f  age,  exper imen t 12

Bean Squares  

Scurce of  v a r i a t i o n  df 4 5 6 7 8

Hatch 1 52.2 5 . 0 830.3 1.5 1. 1

B genotype (G) 1 77.0 3 .2 280.2* 0. 1 1. 1

E i e t a r y  t r e a t m e n t  (D) 1 S5.6 3-0 313.8 0.0 1.0

G X D 1 18. 2 7.3 829.2* 0. 1 1.0

Ees idua l 11 86.5 11.9 163.2 0.6 1.7
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Ant ibcdv T i t e r . At 6 and 8 weeks of aqe serum from 

each of  f i v e  ch ickens  Fer r e p l i c a t e  was t e s t e d  f c r  a n t i b od y  

p roduct i on  t c  sheep e r y t h r o c y t e s .  Mean an t i b o d y  t i t e r  fo r  

each r e p l i c a t e  was c a l c u l a t e d  a s  t h e  geome t r i c  nean o f  the 

ant ibody t i t e r s  cf  t he  f i v e  c h i c k e n s  of t h a t  r e p l i c a t e .  

Ant ibody t i t e r s  a t  6 and 8 weeks of  age by B genotype  and 

d i e t a r y  t r e a t m e n t  a c r o s s  h a t c h es  a r e  g iven  i n  Table  25. I n  

t h e  B2fi2 genctype  mean a n t i bod y  t i t e r  of f u l l - f e d  c h i ck ens  

was n e a r l y  d c u t i e  t h a t  c f  f e ed  r e s t r i c t e d  c h i c ke ns  a t  bo th 6 

and 8 weeks c f  a qe .  I n  the B5.g5 genotype  r e s t r i c t e d  

c h i ckens  had t he  h i g h e r  t i t e r s .  The geo me t r i c  mean a n t i b o dy  

t i t e r  of  each r e p l i c a t e  was s u b j e c t e d  t o  a n a l y s i s  o f  

va r i a nc e  a t  6 and 8 weeks of  age  (Table 26 ) .  Ant ibody 

t i t e r s  were s i g n i f i c a n t l y  h i g h e r  i n  B5B5 c h i c ke n s  t h a n  i n  

32B2 c h i c k e n s  a t  6 weeks of  aqe b u t  n o t  a t  e i q h t .  D i e t a ry  

t r e a tmen t  d id  no t  s i g n i f i c a n t l y  a f f e c t  a n t i b o d y  t i t e r s  a t  

e i t h e r  6 o r  8 weeks o f  aqe.
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TABLE 2 5

Hear  a n t i b od y  t i t e r s  by S qenotype  and 

d i e t a r y  t r e a t m e n t ,  exper imen t  12

6 weeks 8 we eks

Senoty pe F u l l - f e d E e s t r i c t e d E u l l - f e d R e s t r i c t e d

E2E2 53. 0 28. 1 263-6 O•■=rin

J5.S5 7 2. 8 78 .2 205.3 310.8

The q e c n e t r i c  mean a n t i b o d y  t i t e r  was c a l c u l a t e d  f o r  a 

r e p l i c a t e  which c o n s i s t e d  o f  f i v e  c h i c k e n s .  Each mean i n  

the  tafcle  i s  t i e  a r i t h a e t i c  mean of the f o u r  q e om e t r i c  

means, two from each ha t ch .  Each mean i n  the t a b l e  

r e p r e s e n t s  t he  a n t i b cd y  t i t e r s  cf 20 c h i c k e n s .
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TABLE 26

A n a l y s i s  c f  v a r i a n c e  t e s t i n g  e f f e c t  of  B g e n o t y p e ,  

d i e t a r y  t r e a t m e n t ,  aEd i n t e r a c t i o n  upcn a n t i t c d y  

t i t e r  a t  6 and 8 weeks of  age ,  experiment  12

He an squa re s

Source o f  v a r i a t i o n  d f  6 weeks 8 weeks

Hatch 1 G. 054 0.416

E genotype (G) 1 0.426* 0.055

E ie t a ry  t r e a t m e n t  (D) 1 0.035 0.000

G X D 1 0.069 0.  106

Ees idua l 11 0.039 0.039

* P < 0 .05



Summary.  P r o t e i n - c a l o r i e  r e s t r i c t i o n  had a l i m i t e d  

i n f l u e n c e  on immunoloqica l  c a p a b l i t i e s  a s  i n d i c a t e d  by t h e  

PHA a s s a y .  P r o t e i n - c a l o r i e  r e s t r i c t i o n  nay have enhanced 

t he  c e l l - n e  c ia ted r e s p c r s e  i n  6 - s e e k - c l d  35h5 c h i c k e n s  and 

depre ssed  t h e  r e sponse  in co r r e sp ond ing  B2J2 c h i c k e n s .  A 

secondary r e s po n se  was observed a f t e r  t he  second 

immunizat ion a t  7 seeks  o f  age as i n d i c a t e d  by t i e  h i gh e r  

aEtifcody t i t e r s  a t  8 compared to 6 weeks of age .  No e f f e c t  

cf  d i e t a r y  t r e a t m e n t  on an t i bod y  t i t e r  was obse rved .

£  genotype  i n f l u e n c e d  t h e  r e s u l t s  of  t he  PHA assay and 

ant ibody t i t e r s  a t  6 weeks of age.  E5E5 c h i c k e r s  had h i g h e r  

aEt ibody t i t e r s  t h a t  £ 2 j 2  c h i c k e n s  whereas t he  B2E2 c h i c k e n s  

had a h i g h e r  SI i n  t he  PHA a s s a y  t han  B5B5 c h i c k e n s .  

Perhaps t h e  b u sc r a l  sys tem in  £Sj|5 c h i c k e n s  i s  more mature  

t han  t h a t  i n  £2b 2 c h i c k e r s  a t  6 weeks cf a g e .  In t h e  PHA 

as say ,  lymphocytes  frcm B2J2 c h i c k e n s  were s t i m u l a t e d  t o  a 

q r e a t e r  e x t e n t  t han  t hose  f rcm E5B5 c h i c k e n s  which may 

i n d i c a t e  a d i f f e r e n c e  i n  c e l l - m e d i a t e d  immunoloqical  

c a p a b i l l t i e s .
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Res t r i c t i o n  on Tumor S i z e

I n  a l l  ex pe r i m e n t s  t umors  were s u b j e c t i v e l y  s cored  for  

s i z e -  Tumor s c o r e s  4,  5 and 6 a r e  dependent  upcr  t h e  s i z e  

o f  t h e  wirq-web cf  the  h o s t -  The e f f e c t  of  40% 

p r o t e i n - c a l o r i e  r e s t r i c t i o n  cn tumor a r ea  was i n v e s t i g a t e d  

us inq  t h e  f o n n l a  f c r  an e l l i p s e  (Schierman e t  a l - »  1977) .  

E2,§2 and !5j j5 c h i c k e r s  f rcm the F5 g e n e r a t i o n  of a c r o s s  o f  

l i n e s  6-1 and 15-1 were u t i l i z e d -

Chickens  cf  each B genotype were randomized t o  f o u r  

r e p l i c a t e s  of  ap p rox im a te ly  10 c h i ck ens  each wi th 

app rox ima te ly  equa l  numbers o f  each sex per  r e p l i c a t e .  Two 

r e p l i c a t e s  were t hen  randomly a s s i g n e d  to  each d i e t a r y  

t r e a t m en t  ( f u l l - f e d  o r  r e s t r i c t e d )  w i t h in  each genotype .  I n  

a d d i t i o n ,  twc r e p l i c a t e s  of  fi2fi5 c h i c k e n s ,  one f o r  each 

d i e t a r y  t r e a t m e n t ,  were u t i l i z e d  a s  u n in o cu l a t e d  body weight  

ccn t r o l s .

Bod y Weight C o n t r o l s .  Oninocu l a t ed  £2£5 c h i c k e n s  

monitored t h e  e f f e c t  o f  d i e t a r y  t r e a t m e n t  cn body weight  i n  

exper iment  12 (Figure 9 ) .  A f t e r  12 weeks on t he  d i e t a r y  

t r e a t m e n t s ,  r e s t r i c t e d  ch i ck ens  weighed 60.9% cf  t h a t  o f  

f u l l - f e d  c h i ck ens .
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FIGURE 9» Mean body weight of unlnoculated controls 
at various ages, experiment 13. Mean body weight of 
each replicate within a dietary treatment was calcu
lated and plotted. *, Full-fedt ■» Restricted-fed.
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Tumor S c c r e . Tuners  were scored weekly.  Mean tumor 

s c o r e s  by J  qenotype and d i e t a r y  t r e a t m e n t  a r e  { l o t t e d  i n  

Figure  10. A s e p a r a t e  a n a l y s i s  of v a r i a nc e  of  tumor s c o r e s  

was made f c r  each week turners were scored f o r  s i z e .  The 

mean tumor s c c r e  of  each of  two r e p l i c a t e s  was s u b j e c t e d  to 

a n a l y s i s  c f  v a r i a n ce  {Table 2 7 ) .  R e s t r i c t e d - f e d  c h i c k e n s

had s i q n i f i c a n t l y  s m a l l e r  mean tumor s c o r e  a t  1 week PI but

net  t h e r e a f t e r ,  bu t  J2E2 f u l l - f e d  c h i ck ens  had lewer  mean

tumor s c o r e s  a f t e r  2 weeks PI than B2B2 r e s t r i c t e d - f e d  

chi ckens .  Mcrecver ,  £5b 5 f u l l - f e d  c h i c k e n s  had h i gh e r  mean 

tumor s c o r e  t han  r e s t r i c t e d - f e d  c h i c k e n s  t u t  t h e  cenotype  by 

t r e a tm e n t  i n t e r a c t i o n  e f f e c t  was ne t  s i g n i f i c a n t  (Table 27

and F igu re  10) .

Tumor Area.  Mean turner a r e a s  by B genotype  and d i e t a r y  

t r e a tmen t  a re  p l o t t e d  i n  F i g u r e  11. I t  i s  c l e s r  from the  

craph t h a t  mean turner a r e a  cf £5£5 f u l l - f e d  ch i ck en s  was

much l a r g e r  t han  t h a t  o f  £5 j5  r e s t r i c t e d - f e d  c h i ck ens .  For

32b 2 c h i c k e n s  no such i n f l u e n c e  o f  f e ed i ng  regimen i s  

a p p a r e n t .  A s e p a r a t e  a n a l y s i s  of  v a r i a n c e  of  tumor a r e a s  

was made f o r  each week tumors were measured.  The mean tumor 

area  o f  each c f  twe r e p l i c a t e s  was s u b j e c t ed  t o  a n a l y s i s  o f  

var i ance  (Table 23) .  l i k e  tumor s c o r e ,  turner a r ea  was 

s i q n i f i c a c t l y  reduced by r e s t r i c t e d  f eed in g  a t  1 week P I .

Genotype s i g n i f i c a n t l y  i n f l u e n c e d  mean tumor a r e a  from the

fou r th  through t he  t e n t h  week PI .  Trea tmen t  and cenotype by 

t r e a tm e n t  i n t e r a c t i o n  e f f e c t  s i q n i f i c a n t l y  i n f l u e n c e d  mean 

tumor a r e a  f o r  t h e  f i f t h  t h rough  t h e  t e n t h  week P I .  The



qenotype by t r e a t m e n t  i n t e r a c t i o n  e f f e c t  on tumor a r e a  i s  

c l e a r l y  e v i d e n t  i n  Figure  11 s i n c e  mean turner a r e a  of  2.5B5 

r e s t r i c t s d - i e c  c h i c k e r s  was s u b s t a n t i a l l y  sm a l l e r  than t h a t  

cf B5B5 f u l l - f e d  c h i ck ens .  Mean tumor area  o f  32B2 

r e s t r i c t e d - f e d  c h i c k e n s ,  on t h e  o t h e r  hand,  was g e n e r a l l y  

s l i g h t l y  l a r q e r  t han  t h a t  c f  J 2 J 2  f u l l - f e d  c h i c k e r s .

Summary. P r o t e i n - c a l o r i e  r e s t r i c t i o n  s i g n i f i c a n t l y  

reduced turner s i z e  a t  1 week PI us ing  e i t h e r  turner s c o r e  or  

tumor a r e a  as the c r i t e r i o n  of  turner s i z e .  Beginning a t  5 

weeks PI J  qenotype  fcy d i e t a r y  t r e a t m e n t  i n t e r a c t i o n  e f f e c t  

s i q n i f i c a n t l y  i n f l u e n ce d  tumor a r e a  through  t h e  t e n t h  week 

P I .  The e f f e c t  cf r e s t r i c t e d  f eed i ng  i s  much g r e a t e r  i n  

J5B5 t han  i n  J-2£2 c h i c k e n s  when tumor a r ea  i s  t h e  c r i t e r i o n  

than when turner s c o r e  i s  t he  c r i t e r i o n  cf'  r e s p o n s e .
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FIGURE 10. Mean tumor score of B2B2 and B5B5 chickens, 
respectively, each week PI for experiment”’l3. The mean tumor score of two replicates within a B genotype and 
dietary treatment was calculated and the arithmetic 
mean of the replicates was plotted. The tumor score 
of chickens dying with tumor prior to 10 weeks PI entered 
into the determination of mean tumor score of a repli
cate in subsequent weeks. *, B2B2 Full-fedj ■, B2B2 
Restricted-fedi +, B5B5 Full-fedi 0, B5B5 RestrTc^ed- fed.



TABLE 27

Analysis of variance testing effect of genotype, dietary treatment, and interaction upon
tumor score, experiment 13

Mean squares for mean tumor score Source of (weeks PI)
variation df 1 2 3 4 5 z — 7 r  * 9 10
Genotype (G) i 0.07 0.00 4.89 20.6* 31.6* 31.4* 32.1* 32.1* 33-7* 32.7*
Treatment (T) 1 0.81* 0.17 0.11 0.0 0.2 0.2 0.2 0.2 0.8 0.4
G X T 1 0.15 0.01 0.85 0.6 Q.6 0.8 0.7 0.7 0.1 0.4
Residual 4 0 .0 3 0.04 0.23 0.5 0.7 0.7 0.8 0.8 0.8 0.5
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FIGURE lla Mean tumor area of B2B2 and B5B5 chickens, 
respectively, each week PI for experiment T3. The mean tumor area of two replicates within a B genotype and dietary treatment was calculated and the arithmetic mean of the replicates plotted. The tumor area of a chicken dying with tumor prior to 10 weeks PI entered into the determination of mean tumor area of a replicate in subsequent weeks. *, B2B2 Full-fed; ■, B2B2 
Restricted-fed; +, B5B5 Full-7ed; 0, B5B5 RestrTcted- fed. .



TABLE 28

Analysis of variance testing effect of genotype, dietary treatment, and interaction upon
tumor area, experiment 13

Source of
Mean squares for mean tumor area 

(weeks PI)variation 1__ _ 2 _ 3 _ k 5 6 7 8 9 10
Genotype (G) 1 0.01 0.55 81.98 8 2 1.1* 1458.3* 1581.2* 1675.9* 1684.9* 1684.0* 1659.5*
Treatment (T) 1 10.99* 2.65 16.33 60.3 167.2* 153.0* 173.8* 173.7* 160.7* 151.2*
G X T 1 0.01 0.04 6.32 70.2 181.0* 175.9* 188.5* 188.6* 202.7* 213.6*
Residual 4 0.01 0.95 12.85 2 6 .1 8.6 4.7 3.2 3.2 3.6 >.5



V. E2SCC  £ S I C  N

N u t r i t i o n a l  r e s t r i c t i o n  reduced  s u s c e p t i b i l i t y  t o  

ESV-induced t u n e r s ,  de layed  t i e  appea rance  of  t he  tumor and 

supp res sed  t u n e r  growth a t  l e a s t  dur ing  t h e  i n i t i a l  weeks 

PI .  In  a d d i t i o n ,  t h i s  r e s e a r c h  conf i rmed t he  f i n d i n g s  o f  

C o l l i n s  e t  j l .  (1977) and Schierman jet j l .  (1977) t h a t  B 

qenotype d e c i s i v e l y  and s i g n i f i c a n t l y  i n f l u e n c e d  the outcome 

cf ESV-induced t umor s .  For ty  p e r c e n t  p r o t e i n - c a l o r i e  

r e s t r i c t i o n  reduced t u n e r  a r e a  c f  £5^5 r e s t r i c t e d - f e d  

ch ickens  compared t o  B5b5 f u l l - f e d  c h i c k e n s  b u t  tumor a r e a  

of J2J32 ch i ck ens  was no t  a f f e c t e d  by 40X p r o t e i n - c a l o r i e  

r e s t r i c t i o n -  Ibe s t r c r q  g e n e t i c  c o n t r o l  o f  tumor i e q r e s s i c n  

by E genotype  may be r e l a t e d  t c  d i f f e r e n t  l e v e l s  of  

iamuxccoiape fence of t he  immune sys tems i n  B2E2 and E5B5 

ch i ck ens .

Ef f e c t  c f Genoty ce and c f  40 Percen t  P r o t e i n - c a l o r i e  

B e s t r i c t i c  n an a t h e i r  I n t e r a c t i o n  cp Tumor De veloument  

P r o t e i n - c a l c r i e  r e s t r i c t i c r  i n f l u e n c e d  s u s c e p t i b i l i t y  

to t h e  fo r ma t ion  of BEV-induced tumors d i f f e r e n t l y  i n  l i n e  

6-3 than ir. l i n e  105. F e l a t i v e l y  fewer  tumors developed in  

l i n e  105 t hac  i r  l i n e  6-3 as  a r e s u l t  of d i e t a r y  r e s t r i c t i o n  

i n d i c a t i n g  a genotype  by envi ronment  i n t e r a c t i o n  e f f e c t  -on

108
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s t s c e p t i . b i l . i t y  t o  tumor f o r m a t i o n .  The wide v a r i a t i o n  i n  

p e r c en t a g e  c r  ch i ck en s  deve lop ing  tumors between ex pe r imen t s  

Bey be due in Fa r t  tc d i f f e r e n t  ESV-1 i n o c u l a  and a l s o  t o  

v a r i a b l e  q e n e t i c  background o f  t h e  h o s t s ,  p a r t i c u l a r l y  i n  

ncn inbred  l i n e  105, between the t ve  ex pe r i m e n t s -  Fernandes  

e t  a l .  ( I S l t b )  showed t h a t  two s t r a i n s  o f  s k c r t - l i v e d ,  

a c t o i m m u n i t y - s u s c e p t i b l e  mice [£BA/2f  and (MZE X NZi JFl ]  

responded d i f f e r e n t l y  to d i e t a r y  r e s t r i c t i o n .  EEA/2f mice 

showed p r c l c n q a t i c n  c f  l i f e  with p r o t e i n  r e s t r i c t i o n  whereas 

(NZB X UZfi) F1 mice e x h i b i t e d  pro longed  l i f e  wi th  c a l o r i c  

r e s t r i c t i o n .

P r o t e i n - c a l o r i e  r e s t r i c t i o n  s i g n i f i c a n t l y  i n f l u e n c e d  

tcmcr development  to 4 weeks PI i r  l i n e s  6-3 and 105 and i n  

£2 q e n e r a t i c r  Ficgeny c f  l i n e s  6-1 and 15-1.  A f t e r  4 weeks 

£1, r e s t r i c t i o n  d id  no t  s i q n i f i c a n t l y  a f f e c t  turner s c o r e  as  

a c r i t e r i o n  of  r e s p o n s e ,  o r  TPI .

j3 qenotype  s i g n i f i c a n t l y  i n f l u e n c e d  tumor development  

a f t e r  3 weeks P I .  Mean tumor s c o r e  and mean TPI were 

s i q n i f i c a c t l y  sm a l l e r  i n  12E2 t h an  in  E5j35 c h i c k e n s  from the 

12 and F5 g e n e r a t i o n  cf  (6-1 X 15-1) f rcm 3 throuqh 10 weeks 

PI .  C o l l i n s  s i  i l2- (1S77) observed  t h a t  jj g enotype  had a 

profound i n f l u e n c e  on t h e  f a t e  o f  BSV-induced tumors  among 

t he  F2 g e n e r a t i o n  progeny o f  a c r o s s  o f  l i n e s  6-1 and 15-1.  

In  E2E2, B2J5 and B5JI5 s e g r e q a n t s  mean TPI was 2 . 9 ,  3.  S and 

4 .9 ,  r e s p e c t i v e l y .
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Cn the  e t h e r  hand ,  a l i n e  e f f e c t  was not  d e t e c t e d ,  

ilean turner s co re  and mean TFI were s i m i l a r  i n  l i n e  6-3 and 

l i n e  105. C o t t e r  ejt j l .  (1973a) shewed t h a t  l i n e  s i x  had a 

s i q n i f i c a n t l y  fciqher i n c i d e n c e  c f  r e q r e s s i c n  of  BSV-inauced 

tumors t h an  did l i n e  105. Using d i f f e r e n t  l i n e s ,  Gyles and 

Eicwn (1971) showed t h a t  g e n e t i c  l i n e  s i g n i f i c a n t l y  

i n f l u e n c e d  t u n e r  s i z e .

Eff  6_gj £ j  Jjbje ^ e j e c i j y  agul l i m i n g  eg P r o t e i n - c a l o r i e  

B e s t r i c t i o n  on lumor Development 

F i f t y  p e r c e n t  p r o t e i n - c a l o r i e  r e s t r i c t i o n ,  s i m i l a r  t o  

4 0 a  p r o t e i n - c a l o r i e  r e s t r i c t i o n ,  de l ayed  t h e  appea rance  of  

tumor and reduced turner s c c r e  a t  2 and 3 weeks PI  compared 

t c  both 25? p r o t e i n - c a l o r i e  r e s t r i c t i o n  and f u l l - f e e d i n g .  

Apparen t ly  25$ p r o t e i n - c a l o r i e  r e s t r i c t i o n  was not  

adequ a t e ly  l i n i t i n q  t c  a f f e c t  tumor deve lopment .  Boss e t  

aj.. (1970) showed t h a t  l e v e l  c f  c a l o r i e  i n t a k e  and 

p r o p c r t i c n  c f  p r c t e i n  ir. t he  d i e t  modi f i ed  t h e  i r c i d e n c e  of  

spon taneous  c t rcmcphche  adenomas c f  t h e  a n t e r i o r  p i t u i t a r y  

q land of the male r a t .

f i e s t r i c t i n g  c h i c k e r s  f o r  p e r i c d s  cf  e i t h e r  4 or  6 weeks 

p r i o r  t o  i n o c u l a t i o n  wi th  B2V-1, s u p p r e s s e d  tumor s c o r e  

l a t e r  t han  f c r  ch i ck en s  r e s t r i c t e d  only 2 weeks p r i o r  t o  

i n o c u l a t i c n .  I t  i s  ne t  knewr i f  t h i s  l a t e r  e f f e c t  on tumor 

s c c r e  i s  a c t u a l l y  due t c  l e n g t h e n i n g  t he  r e s t r i c t i c n  pe r i od  

p r i o r  t o  i n c c u l a t i c n  or  tc  a r e s t r i c t i o n  cf  a s p e c i f i c  

minera l  a n d / c r  v i t am in ,  s i n c e  f eed i n  t he  ex pe r imen t s  cn
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which t h i s  ob se r v a t i o n  was t a s ed  was no t  suppl emented  with 

mine ra l s  and v i t a m i n s .  According tc Jose  and Gocd (1973b) 

r e s i s t a n c e  can be e i t h e r  i n c r e a s e d  o r  dep re s sed  depending 

UFcn t he  s e v e r i t y  and the t iming cf the n u t r i t i o n a l

d e p r i v a t i o n .  Although t h e  TEI o f  ch i ck en s  r e s t r i c t e d  4 and 

6 weeks p r i c r  t c  i n o c u l a t i o n  was ne t  s i g n i f i c a n t l y  d i f f e r e n t  

than t h a t  of  f u l l - f e d  c h i c k e n s ,  mean tumor s c o r e  of  

r e s t r i c t e d - f e d  ch i ck en s  r ena in ed  sm a l l e r  than  f o r  f u l l - f e d  

ch i c ken s  t h roughou t  the e xpe r i me n t .

I n  no exper imen ts  did r e s t r i c t i o n  begin  p r i o r  to 4 

weeks of  aq e .  B e s t r i c t i n g  p r i o r  t o  4 weeks of  age l i k e l y  

would have a d e p re s s ing  e f f e c t  cn immunccompetence,  s i n c e  

ch i cks  deve lop  im m u i c l c q i c a l l y  a t  t h i s  t ime.

E f f e c t  of  J£0. Pe r cen t  P r o t e i n - c a l o r i e  

E e s t r i c t i c n  Ca Tumor S i ze  

Tumor a r e a  c f  F r c t e i n - c a l c r i e  r e s t r i c t e d  BSBf h o s t s  was 

s i g n i f i c a n t l y  sm a l l e r  t han  t h a t  of £5g5 f u l l - f e d  h o s t s .  

Although £5£5 r e s t r i c t e d  ho s t s  had s m a l l e r  t cmor s  than 

co r r e s pond ing  f u l l - f e d  h o s t s ,  a p p a r e n t l y  t he  d i f f e r e n c e  i n  

tumor burden was t c c  sma l l  a n d / c r  our  c r i t e r i o n  of  

measurement o f  tumor s i z e  t oo  c rude ,  t o  d e t e c t  a r e a l  

d i f f e r e n c e  i n  TPI a t  the  end c f  t h e  e x p e r i m e n t a l  p e r i o d -  In 

£282 h o s t s  t he  a r e a  of  tumor and t h e  f a t e  o f  t he  tumor  as  

measured by TPI were not  d i f f e r e n t  i n  the r e s t r i c t e d  

compared tc f u l l - f e d  c h i c k en s .
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The r e l a t i v e l y  s m a l l e r  tumors i n  p r c t e i n - c a l o r i e  

r e s t r i c t e d  thar.  i n  t he  f u l l - f e d  B5J5 h o s t s  may have r e s u l t e d  

frcm a l i m i t e d  supply cf n u t r i e n t s  to t he  cancer  c e l l .  

T r ans fo rma t ion  of a c c r n a l  c e l l  i r t c  a tumor c e l l  c l e a r l y  

i n v o lv e s  a profound swi tch  in t i o l o g i c a l  nechanisn  from a 

p r e c i s e l y  r e g u l a t e d  phene nercir c h a r a c t e r i s t i c  c f  a normal  

r e s t i n q  c e l l  to  one i n v o l v i n g  p e r s i s t e n t l y  i n c r e a s e d  

s y n t h e s i s  c f  n u c l e i c  a c i d s ,  p r o t e i n s  and o t h e r  su b s t a nc es  

s p e c i f i c a l l y  needed f c r  c on t i n u ed  c e l l  growth anc d i v i s i o n  

(Eraun, 1S6S).  Acccrddnq to Tannentaura (1944) c a r c i n o g e n i c  

a q en t s  produce the i n i t i a l  f undamenta l  c h ang es /  i n  which t he  

c a r c i n og e n s  t r a n s fo rm  normal  c e l l s  i n t o  c a n c e r  c e l l s ,  

r e q a r d l e s s  c f  t h e  d i e t ,  lew c r  hiqh c a l o r i e  (Tannenbaum, 

1S44). F o r t y  p e r c e n t  r e s t r i c t i o n  i n h i b i t e d  t h e  e a r l y  growth 

and development  c f  the turner,  su g g e s t i n g  t h a t  a l i m i t e d  

supply c f .  n c t r i e n t s  nay ne t  a f f e c t  c e l l u l a r  t r a n s f o r m a t i o n  

but  may r e t a r d  e a r l y  tumor growth by l i m i t i n g  e s s e n t i a l  

n u t r i e n t s  r e q u i r e d  f c r  r ap id  c e l l  p i o l i f e r a t i o n -

o f  40 Pe rc e n t  P r o t e l n - c a l o r i e  

on Immunologica l  F u n c t i o n s 

Seduced s u s c e p t i b i l i t y  t o  tumor f o r m a t i o n ,  and t he  

r e t a r d a t i o n  of  tumor growth of p r o t e i n - c a l o r i e  r e s t r i c t e d  

hos t s  du r inq  t h e  f i r s t  2 weeks E l ,  nay have r e f l e c t e d  t he  

e f f e c t  of r u t r i e n t  r e s t r i c t i o n  on t he  iuiiune r e sFcnse  to the 

tumor.  S e v e r a l  i n v e s t i q a t o r s  showed i n  mice (Jcse £ t  a l . .  

1S73a, 19731; Cooper  e t  a 1. , 1971, 1974; Be l l  and H a z e l l ,
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1975; Fe rnandes  e£ <Li* * i n 6 a ,  1 S76c) , c a t s  (Joss e£  a 1. . 

197 1b) and quinea  p iq s  (Kramer and Good, 1977, 1978) t h a t  

moderate d i e t a r y  p r o t e i n  r e s t r i c t i o n  dep re s sed  a n t i b od y  

p roduc t i on  t u t  pe rm i t t e d  n a i n t a i n e n e e  o f ,  or  even an 

i n c r e a s e  i n ,  c e r t a i n  k i nds  o f  c e l l - m e d i a t e d  r e s p o n s e s .  

These i n c l u d e d  r e spo nse  t c  m i t cqens ,  d e f e n s e s  a g a i n s t  

c e r t a i n  v i r u s e s ,  r e j e c t i o n  cf  s k i n  a l l o g r a f t s ,  and 

development  c f  k i l l e r  c e l l s  a g a i n s t  a l l o g e n e i c  o r  syngene i c  

tumor c e l l s .

F o r t y  p e r c e n t  p r o t e i n - c a l o r i e  r e s t r i c t i o n  hac a l i m i t e d

e f f e c t  cn i n au n ccc ape t en ce  i n  t h i s  s t udy  based  upon t h e  EHA

assay  and an t i b o d y  t i t e r  as  measures  o f  c e l l —Bedia ted  and

humoral  i m o u r i t y ,  r e s p e c t i v e l y .  Spleen c e l l s  from

6-week-old J5 J5  p r o t e i n - c a l o r i e  r e s t r i c t e d  c h i c k e n s

e x h i b i t e d  an enhanced c e l l - m e d i a t e d  r e sponse  compared t o

co r r e s ponding  f u l l - f e d  c h i c k e n s  of t he  same genotype .  Cn

the e t h e r  hand,  i n  £2£2  c h i c k e n s  p r o t e i n - c a l o r i e  r e s t r i c t i o n

depre ssed  t he  ce 11- rte c ia t ed  r e s p o n s e .  Ccoper e i  j j , .  (1974)

usinq two u n r e l a t e d  s t r a i n s  of  mice (C3H/Bi and Sec/EeJ)
✓

demons t r a ted  enhancement  of  t h e  p r o l i f e r a t i v e  r e s p o n se  o f  

sp l een  c e l l s  from mice r e c e i v i n g  8X v e r su s  21% p r o t e i n  i n  

t he  d i e t  t o  s t i m u l a t i o n  by PHA. Cn t h e  e t h e r  hand ,  E r i ckson  

e t  a l .  (1979a,  1979b) found t h a t  p r o t e i n  c o n c e n t r a t i o n  did  

ne t  a f f e c t  PHA-st imula ted  T - c e l l  t r a n s f o r m a t i o n  i n  mice f ed  

p cx i f i ed  d i e t s  c o n t a i n i n g  6,  10 o r  30'S c a s e i n .  A f t e r  6

weeks of  aqe p r c t e i n - c a l c r i e  r e s t r i c t i o n  and £ genotype d id  

net  i n f l u e n c e  c e l l - m e d i a t e d  ixmunccompetence i n  c h i c k en s  as
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measured t v  t h e  J?HA a s s a y .

Fo r t y  p e r c e n t  p r o t e i n - c a l o r i e  r e s t r i c t i o n  d id  no t  

a i f e c t  he ma qq l u t i n in  an t i bo dy  p r od uc t i on  to sheep 

e r y t h r o c y t e s  a t  2 and 4 seeks  a f t e r  f e ed  r e s t r i c t i o n  began .  

Er ickson  e t  a l .  (1979b) showed t h a t  l e v e l  c f  d i e t a r y  

p r o t e i n ,  l e v e l  c f  c a l o r i c  i n t a k e  and t he  d e r a t i o n  of

n u t r i t i o n a l  m an ip u l a t i o n  i n f l u e n c e d  a c e l l  t r a n s f o r m a t i o n  

s t i m u l a t e d  by l i p o p c l y s a c c h a r i d e  i n  mice.  Kenney s i  a l . 

(1968) found t h a t  p r o t e i n - r e s t r i c t e d  r a t s  had de p re s sed  

hemaqqlu t i n in  an t ibody  t i t e r s  to sheep e r y t h r o c y t e s .  In  

t h a t  ex pe r i m e n t ,  however,  a d u l t  r a t s  f ed  t h e  low p r o t e i n  

d i e t  had l o s t  22-243 of  i n i t i a l  weight  when t e s t e d  f o r  

an t i body  p r o d u c t i o n .  A p o s s i b l e  e x p l a n a t i o n  f o r  t h e  f a i l u r e  

cf  p r o t e i n - c a l o r i e  r e s t r i c t i o n  t o  i n f l u e n c e  an t i b o d y

p r oduc t i on  t c  sheep e r y t h r o c y t e s  may be t h a t  t he  r e s t r i c t i o n  

was too mild s i n c e  c h i ck ens  co n t i nued  t o  g a in  we igh t

t h roughout  t i e  e x p e r i n e n t .

E f f e c t  of  B Genotype on Immunologica l  Fu n c t i o n s

The .£ complex e x e r t s  c o n t r o l  over  numerous immunologic 

f u n c t i o n s  i n c l u d i n q  r e g r e s s i o n  c f  BSV-induced tumors

(reviewed by Ahplanalp ,  1S7S) .  Because of  t he  e f f e c t  o f  J  

qenotype cn tumor r e g r e s s i o n ,  C o l l i n s  sj;  a ^ .  (1977)

suqqe s t ed  t h a t  in £5jg5 c h i ck ens  immunc lcqica l  mechanisms 

f a i l e d  t o  respond t c  the t u n e r ,  r esponded i n a d e q u a t e l y ,  or 

the r e sponse  was n e q a t ec ,  bu t  they d id  ne t  a s s a y  f o r  e i t h e r  

a r t i b o a y  or c e l l - m e d i a t e d  immune r e s p o n s e s .
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The inmunccompetence o f  J2J=2 v e r s u s  £5B5 c h i c k e n s  were 

compared c s inq  the l e v e l  o f  PHA-st imula t ec  b l a s t c c e n e s i s  and 

an t i body  t i t e r s  t o  sheep e r y t h r o c y t e s .  The c e l l - m e d i a t e d  

immune r e s p on se  c f  u n i r c c c l a t e d  6 -week -c ld  52B2 c h i c k e n s  may 

have been enhanced r e l a t i v e  t c  £5]}5 c h i c k e n s  us ing t he  PHA 

as say .  But £5.g5 c h i c k e n s  appeared  t o  have enhanced a n t i b od y  

p r o d u c t i o n .  Even t hough  t h i s  immunolog ica l  d i f f e r e n c e  vas  

d e t e c t ed  i n  u n i n c c u l a t e d  6-week -c ld  £2j32 and J 5 J 5  c h i c k e n s  

i t  may have t e e n  a s s o c i a t e d  v i t h  t he  d i f f e r e n t  a b i l i t y  of  

t he se  qeno type s  to r e g r e s s  FSV-induced t umor s .

Gene t i c  E i f f e r e n c e s  in  Eelaved H a t t i e  Reac t i o n  Tes t  

l i n e s  6-3 and 7-2 d i f f e r e d  s i g n i f i c a n t l y  in  t h e i r  

r e sponse  t c  ET us ing  t h e  de l ayed  wa t t l e  r e a c t i o n  t e s t  even 

though b o t h  l i n e s  are  c o n s i d e r e d  t o  have  i d e n t i c a l  

a l l c a n t i q e n  qenc ty pes  w i th in  the £  complex (Eazderka ££  a l . .  

1S75; Gi lmcur  e t  _a l . , 1977).  S i g n i f i c a n t  d i f f e r e n c e s

between t h e s e  l i r e s  a l s o  e x i s t  i n  c eqree  of 

q i a f  t - v e r s u s - h c s t  r e a c t i o n  (Pazderka £ t  g l .  ,  1975 ) ,  de l ayed  

h y p e r s e n s i t i v i t y  (Gilmour J i  j i - ,  1977) ,  an t i body  p r oduc t i on  

(P a l l a d i n o  .gjE «&!»/ 1S77) and i n  t h e i r  a b i l i t y  t c  r e g r e s s  

BSV-induced t u a o r s  (Harks 1579) .

The de l ay ed  w a t t l e  r e a c t i o n  t e s t  was used t o  de t e rm in e  

t he  e f f e c t  c f  B geno type  on t he  c e l l - m e d i a t e d  immune 

r esponse  t o  ET j n  v i v c . E2J2 and E5E5 ch i ckens  frcm t h e  F2 

and F3 g e n e r a t i o n  cf the  c r o s s  of l i n e s  6-1 and 15-1 f a i l e d  

tc r espond tc  ET i n  the  de layed  w a t t l e  r e a c t i o n  t e s t .  The
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qene(s)  c ed ing  f c r  r e sponse  t c  DT nay be a non-E g e n e ( s ) .

£ f f e c t  o f  h a v  cn S i r e ar.d R e g r e s s i o n  c £

ESV-i nduced Turners 

Mean t u n e r  s c o r e  f rcm 4 weeks t h rough  10 weeks a f t e r  

i n o c u l a t i o n  with BSV-1, and l e a n  1PI ,  were sm a l l e r  I n  

c h i c k en s  i n o c u l a t e d  a t  8 ,  10, 12 and 14 weeks o f  age t han  i n  

ch ickens  i n o c u l a t e d  a t  4 weeks of a g e .  C o t t e r  a i  a l .  

MS73b) shoved t h a t  t u n e r  r e q r e s s i c n  f a i l e d  to occur  i n  l i n e  

s i x  c h i c k s  i n o c u l a t e d  with BSV-1 a t  1 and 14 days  of  age ,  

but  in c h i c k e n s  i n o c u l a t e d  a t  28 days o f  age t h e  i n c i d e n c e  

of  r e q r e s s i c n  was 50%.

R e g r e s s i o n  o f  murine sarcoma v i r u s  (Moloney) 

(BSV)-induced tumors was dependent  cn g e n e t i c  s t r a i n  o f  

mcuse (Fe fer  e i  a l . ,  1S67) .  Cf tumors i nduced  i n  

s u s c e p t i b l e  newborn BAIB/c,  C57BL/6 and (EAXE/c X C57Bl/6)F1 

mice,  3 ,  47 and 2455, r e s p e c t i v e l y ,  o f  t h e  pr imary turners 

sp on t an eou s ly  r e g r e s s e d .  A l l  t u n e r s  i nduced  i n  a d u l t  mice 

frcm t h e s e  g e n e t i c  s t r a i n s  co m p l e t e ly  r e g r e s s e d -  Reg re s s io n  

of  MSV-inauced tumors  i n  b ALB/c mice was f cund  t o  be 

dependent  cn t he  age  c f  t he  h c s t  (Fe f e r  £ t  a l .  . 1969) and

the  immunologic competence o f  t h e  hos t  (Fefer  §£. i i - , 1968) .  

BSV-induced tumor r e g r e s s i o n  i n  c h i c k e n s  i s  a l s o  h os t  age 

dependent  a rd  may he r e l a t e d  t c  the i nnurccompe tence  o f  t h e  

h c s t .
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J^egtipp.s lais.£_g hJL £M 5

1. Usinq tumor a r e a  as t h e  c r i t e r i o n ,  d id  U0& 

p r o t e i n - c a l o r i e  r e s t r i c t i o n  reduce tumor s i z e  i t  l i n e s  6-3 

ana 105? In exper imen ts  1 and 2, turner score  o n l y  was used 

t c  e v a l u a t e  the e f f e c t  of p r o t e i n - c a l o r i e  r e s t r i c t i o n  cn 

tumor s i z e .  In  exper imen t  13, 403 p r o t e i n - c a l o r i e  

r e s t r i c t i o n  s i g n i f i c a n t l y  i n f l u e n c e d  tumor a r e a  in B2B2 and 

£5j|5 c h i c k e n s .  S ince  seme tumor s c o r e s  depend cn the  s i z e  

of  t i e  h o s t ' s  wing-web and wing-wet  s i z e  i s  i n f l u e n c e d  by 

body s i z e  which i n  t u r n  i s  r educed  a s  a r e s u l t  o f  f e e d  

r e s t r i c t i o n ,  tumor a r ea  may be a t e t t e r  measure o f  t h e  

e f f e c t  o f  p r c t e i n - c a l c r i e  r e s t r i c t i o n  cn tumor s i z e .

2 .  What e f f e c t  would p r o t e i n - c a l o r i e  r e s t r i c t i o n  have 

on tumor development  i n  l i n e  7-2 u s ing  ESV(RAV-h9) t o  i nduce  

tumors? I h r c u g h c u t  t h i s  r e s e a r c h  ESV(BAV-I) was used t o  

prodcce sarcomas  i n  s u s c e p t i b l e  c h i c k e n s .  Line  7 -2  i s  

q e n e t i c a l l y  r e s i s t a n t  t c  ESV (RAV-1) bu t  s e g r e g a t e s  f o r  

s i s c e p t i t i l i t y  t c  Rsy{EA1/-h9). P r c t e i n - c a l o r i e  r e s t r i c t i o n  

may have a d i f f e r e n t  e f f e c t  on a d i f f e r e n t  l i n e  c f  c h i c k en s  

us ing a d i f f e r e n t  subqreup of BSV.

3 .  Sculd  the e f f e c t  o f  p r o t e i n - c a l o r i e  r e s t r i c t i o n  be 

d i f f e r e n t  i f  t he  d i l u t i o n  cf 3£V were changed? 3he e f f e c t s  

cf p r o t e i n - c a l o r i e  r e s t r i c t i o n  on tumor growth and 

development  might  be g r e a t e r  i f  a h i gh e r  d i l u t i c r  of  v i r u s  

was u sed .  wi th  v i r u s  cf  h ighe r  d i l u t i o n ,  p r o t e i n - c a l o r i e  

r e s t r i c t i o n  might r e t a r d  tumor growth t o  a q r e a t e r  e x t e n t  

and f o r  a l ong e r  pe r i od  cf t i n e .  During t h i s  t ime
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immunological  nechan i sn s  n i g h t  be b e t t e r  a b l e  to  r e g r e s s  t h e  

tumor.

4- i as  the i n c i d e n c e  or  e x t e n t  of  n e t a s t a s i s  

i n f l u e n c e d  by p r o t e i n - c a l o r i e  r e s t r i c t i o n ?  I n  t h i s  r e s e a r c h  

t h i s  a s p e c t  of  t u n e r  development  was n e t  s t u d i e d .

P r o t e i n - c a l o r i e  r e s t r i c t i o n  say have an e f f e c t  on t he

i n c i d e n c e ,  t i n e  of  appea rance  and e x t e n t  o f  s e t a s t a s i c  

t umors .

5.  Would the  aqe of  E5£5 c h i c ke n s  a t  RSV- inocu l a t i on  

i r f l u e n c e  tumor s i z e  and TPI? In t h e  r e s e a r c h  i n vo lv in g  age

a t  i n o c u l a t i o n  l i n e  6 8 with a hiqh i n c i d e n c e  of tui ior

r e g r e s s i o n  was u sed .  C o l l i n s  <gt a l .  (1977) r e p o r t e d  t h a t  

93X o f  J |5j5 c h i c k en s  i n o c u l a t e d  a t  6 weeks of age  died with 

t umor .  Pe rhaps  i f  E5J5 c h i c k e n s  were o l d e r  a t  t h e  t ime  of  

i n o c u l a t i o n  they would be more i  bit tnccompe t e n t  and have a 

lower i n c i d e n c e  cf  RSV-induced tumor prog r e s s s i o n .

6 .  How i s  t he  DWB re s p on se  c o n t r o l l e d  g e n e t i c a l l y ?  By 

c r o s s i n g  l i n e s  6-3 and 7-2 and making r e c i p r o c a l  ba ck c ro s s e s  

i t  would be p o s s i b l e  t c  de t e rmi ne  i f  t h e  immune r e s po nse  i s  

c o n t r o l l e d  by one o r  many genes  and whether  i t  i s  s e x - l i n k e d  

or  dominant .

7.  In  what  ways dc JJ2.B2 and JJ5JJ5 c h i c k e n s  d i f f e r  i n  

immunological  c a p a b i l i t i e s ?  There  i s  a va s t  d i f f e r e n c e  i n  

tbe a b i l i t y  c f  J32.S2 and E.5£5 c h i c ke ns  to  r e g r e s s  t umors .  

Can t h i s  d i f f e r e n c e  be shewn to  be due t o  d i f f e r e n c e s  i n  

i am u cc l o g i c a l  competence? The immunoloqical  d i f f e r e n c e s  may 

be q u i t e  s p e c i f i c .  Fcr  example ,  B5£5 c h i c k e n s  may be unable



t o  e l i c i t  a t  inirune r e i f c r . s e  a g a i n s t  the  tumor c e l l s  due 

t h e i r  f a i l u r e  t c  r e c o g n i z e  t u ne r  a n t i g e n s  a s  f o r e i g n .

8.  iuiat ace t h e  s p e c i f i c  n u t r i e n t s  r e s p o n s i b l e  f o r  

e f f e c t s  observed in feed r e s t r i c t i o n  expe r ime n t s ?  

q u a n t i t a t i v e  measurement ,  such as serum albumin l e v e l ,  

body mass c r  pe r c en t ag e  body f a t ,  vould i n d i c a t e  i f  

r e s t r i c t e d  c h i c k e n s  vere  n u t r i e n t  d e f i c i e n t .
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I .  E i n e r a l  and Vitamin Composi t ion o f  S t a r t e r  feed 

used i n  Exper iments  1, 2, 3, 4, 5,  12 and 12

Inq r e d i e  n t

Vitamin & (un i t s / l f c )  

Vitamin 0 ( u n i t s / l b )  

Vitamin E* (mq/ l t )  

Vi tamin K* ( a q / l t )  

E ib o f l a v i n  (mq/lb) 

E an to th e n i c  a c i d  (mc/ l t )  

Niacin  (mq/lb)

Chol ine  ( m q / l t )

Calcium 1%)

T c t a l  phosphcxi s  (I)

Composi t ion cf  f eed  f o r :  

F u l l - f e d  40% E e s t r i c t e d

6260.0 

835.0 

2. 5 

0 . 8  

2 . 6  

6 . 8  

2 1 - 1  

630. 0

10433.0

1291.7

4 .2

1.3

4 .3

11.3 

35 .2

1C50.0

1.5 4 

C.51

2.57

0.85

♦In a d d i t i o n  t c  vha t  sa s  n a t u r a l l y  i n  t he  f e e d .



13a

I I .  Mineral  and Vitamin Composi t ion o f  Grower Eeec 

used in Exper iment  6

Composi t ion  of  f eed  f o r :  

R e s t r i c t e d

I n g r e d i e n t  P u l l - f e d  25* 50%

Vitamin A { u n i t s / l l }  

Vitamin D { u n i t s / l b )  

Vitamin E* (mq/11) 

Vitamin K* (mq/lb) 

B i b c f l a v i n  (mg/lb) 

Ea n t o th e n i c  a c i d  (mc / l t )  

Niacin  (mq/lb)

Chol ine  (mq/ l t )

Calcium ( 7 e )

T o ta l  phosphor t s  (*)

5 100.0 6800.0 10200.0

835.0 1133.3 1670.0

2.5 3.3 5 .0

0.8 1.1 1.6

3 .3 4.4 6 .6

5-5 7 .3 11-0

21.2 28.3 42.4

583- 0 777.3 1166 .C

1.52 2. 03 3 .04

0.42 0.60 0.90

♦in a d d i t i o n  t c  what »as n a t u r a l l y  i n  t he  f e e d .
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