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TRANSFER OF IMMUNITY TO HYMENOLEPIS NANA IN MICE 

WITH SPLEEN CELLS OR SPLEEN CELL FRACTIONS

CHAPTER I 

INTRODUCTION AND LITERATURE REVIEW

The dwarf tapeworm, Hymenolepis nana , i s  th e  only  ces tode  known 

in  which a d i r e c t  c y c le  of p ropaga t ion  i s  p o s s i b l e .  In the  d i r e c t  cy c le ,  

H. nana eggs e x c re ted  w ith  the  fece s  of an in f e c te d  animal a re  in g e s ted  

by a s u i t a b l e  h o s t ,  th e  oncospheres a re  l i b e r a t e d  in to  the  lumen of the 

stomach o r  i n t e s t i n e ,  burrow in to  th e  t i s s u e  o f  th e  upper small i n t e s t i n e ,  

and develop  in to  c y s t i c e r c o id s  in  th e  v i l l i ;  in  about 96 to  105 hours ,  

th e  l a rv a e  b reak  out of the  v i l l i  and complete t h e i r  a d u l t  development 

in  th e  lower small i n t e s t i n e  (Woodland, 1924). An in d i r e c t  cyc le  of de­

velopment in v o lv in g  an in te rm e d ia te  h o s t  was f i r s t  dem onstrated by 

Bacigalupo  ( l928 )  who found t h a t  f l e a s ,  g ra in  b e e t l e s ,  and mealworm bee­

t l e s ,  p r e v io u s ly  fed H. nana eggs, harbored  c y s t i c e r c o i d s  which were in ­

f e c t io u s  to  a d e f i n i t i v e  h o s t .  Unlike th e  d i r e c t  c y c le ,  in the  i n d i r e c t  

cyc le  t h e r e  i s  no t i s s u e  phase of p a r a s i t e  development in  the  d e f i n i t i v e  

h o s t .  E x p e r im en ta l ly ,  i f  H. nana eggs a re  a d m in is te re d  by i n t r a p e r i t o -  

n ea l  ( A s t a f ie v ,  1966), o r  by subcutaneous o r  in t ra m u sc u la r  in j e c t i o n  

(DiConza, 1967), the  p a r a s i t e  w i l l  develop o n ly  to  th e  c y s t i c e r c o id  s tage  

and soon d i e .
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G rass!  ( l8 8 7 ) ,  and l a t e r  Joyeux ( l9 2 0 ) ,  r e p o r te d  t h a t  one in f e c ­

t i o n  in  r a t s  with eggs of H. nana made a second in f e c t io n  im p o ss ib le .  

A dd it iona l  evidence o f  a r e s i s t a n c e  to  r e in f e c t i o n  co n fe rred  th rough  in ­

f e c t io n  w ith  the egg s tage  was r e p o r te d  by Brumpt ( l9 3 3 ) ,  Shorb ( l9 3 3 ) ,  

Hunninen ( 1935a), and Hearin ( l 9 4 l ) ;  see a l so  review  by Larsh ( l 9 5 l ) .

In c o n t r a s t ,  a c t iv e  immunity could  n o t  be induced by a d u l t  worms which 

were t r a n s p la n te d  to  the  i n t e s t i n e  o f  normal mice by a s u rg ic a l  procedure  

(H earin ,  1941). The absence o f  a t i s s u e  phase in  the  i n d i r e c t  l i f e  cyc le  

of the dwarf tapeworm is  g e n e ra l ly  accep ted  as th e  ex p lan a tio n  fo r  th e  

la ck  of immunity in  th e  f i n a l  h o s t  (Heyneman, 1963). Acquired immunity 

to  H. nana i s  e f f e c t i v e  a g a in s t  bo th  egg and c y s t i c e r c o id  cha l lenge  

(Heyneman, 1963).

The question  of th e  mechanism of acqu ired  immunity to  H. nana 

has evoked co n s id e rab le  c o n je c tu re  and poses many u n s e t t l e d  q u e s t io n s .

Of p rim ary  i n t e r e s t  i s  the  involvement of humoral and c e l l u l a r  defense  

f a c t o r s  in  immunity. Also, th e  r e l a t i o n s h i p  between f a c to r s  invo lved  in 

immunity and those operab le  du ring  th e  s o - c a l l e d  crowding e f f e c t  i n v i t e s  

s p e c u la t io n .  A crowding e f f e c t  was re p o r te d  f o r  both  th e  c y s t i c e r c o id  

(Hunninen, 1935a) and a d u l t  s ta g e s  o f  development (Woodland, 1924; Shorb, 

1933; Hunninen, 1935a; and Read, 1951) as i t  was observed t h a t  th e  p e r ­

centage o f  c y s t ic e rc o id s  t h a t  developed from eggs decreased  w ith  in c re a s e  

in the number of cha llenge  eggs and t h a t  th e  average worm le n g th  was i n ­

v e r s e ly  p ro p o r t io n a l  t o  th e  number p r e s e n t .

D ire c t  evidence of a humoral f a c to r  being involved in  immunity 

was r e p o r te d  by H earin ( l9 4 l )  who induced p a r t i a l  r e s i s t a n c e  to  H. nana 

by in j e c t i n g  mice w ith  serum from immunized donors .  Complement f i x i n g .
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a g g lu t in a t in g ,  and p r e c i p i t a t i n g  a n t ib o d ie s  have been dem onstra ted  in the  

s e ra  of H. nana- in f e c te d  mice (Larsh , 1943). A low le v e l  of p a s s iv e  im­

munity can be t r a n s f e r r e d  in mice from mother to  nursing-young v ia  the 

m ilk  (Larsh , 1942), which suggests  the p o s s ib le  involvement o f  s e c re to ry  

IgA in immunity t o  H. nana. Weinmann (1966) attem pted p a s s iv e  t r a n s f e r  

of immunity w ith  serum bu t was su ccess fu l  in  only  f iv e  of e lev en  e x p e r i ­

ments. Weinmann no ted  a lso  t h a t  th e re  was no c o r r e l a t i o n  between p ro ­

t e c t i v e  potency of th e  serum and com plement-fixing an tibody t i t e r .

Heyneman and Welsh (l959) re p o r te d  th a t  an tise rum  from r a b b i t s  immunized 

by i n j e c t i o n  of whole worm homogenate a d v e rse ly  a f f e c te d  a l l  s ta g e s  of 

H. nana development in  v i t r o . In a s im i la r  experim ent by Weinmann (l966) 

serum from immunized mice was no t e f f e c t i v e .

From a s tudy  of i n i t i a l  in f e c t io n  w ith  eggs of H. nana and onset 

of a p r o te c t iv e  h o s t  r e a c t io n  a g a in s t  a ch a l len g e  with the  same p a r a s i t e ,  

Heyneman ( l962)  p o s tu la te d  t h a t  lo c a l  an t ibody  p roduc tion  i s  an im portant 

h o s t  response to  t i s s u e  invas ion  by H. nana and o th e r  h e lm in th s .  Weinmann 

(l966) observed numerous plasm ocytes in  th e  i n t e s t i n a l  wall a f t e r  c h a l­

lenge in f e c t io n  in  mice immunized to  H. nana . In examining lo c a l  a n t i ­

body p roduc tion  in  mice, Coleman e;t a ^ . , (l96S) s u r g ic a l ly  s eq u es te re d  

and i r r a d i a t e d  the  small i n t e s t i n e  and then  im planted H. nana a d u l t s .

They were unable  t o  d e t e c t  any in h ib i t i o n  of hem agg lu tina ting  antibody 

t i t e r  u n le ss  th e  r e s t  of the a n im a l 's  body was sh ie ld e d .  T h is  suggested 

t h a t ,  a t  l e a s t  f o r  th e  a d u l t  worm, antibody i s  produced a t  s i t e s  o the r  

than  the  i n t e s t i n e  or in  a d d i t io n  t o  s i t e s  along the  i n t e s t i n e .

B a i ley  ( l 9 5 l )  observed c e l l u l a r  i n f i l t r a t i o n  in  the  t i s s u e  around 

H, nana la rv a e  on i n i t i a l  in f e c t io n  and noted t h a t  cha llenge  oncospheres
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encountered a he igh tened  t i s s u e  r e a c t io n .  On the  b a s i s  of p a r a s i t e  counts 

in  t i s s u e  s e c t io n s  from mice k i l l e d  18 to  50 hours a f t e r  egg ch a l len g e ,  

B a i ley  concluded t h a t  very  few oncospheres from a second in f e c t io n  were 

ab le  t o  p e n e t r a t e  th e  i n t e s t i n a l  t i s s u e  and those  t h a t  d id  were des troyed  

by an a c c e le r a te d  h o s t  t i s s u e  re sp o n se .  R ecen tly  F ried b erg  e t  al_. (l969) 

r e in v e s t ig a t e d  t h i s  problem and observed t h a t  equal numbers of oncospheres 

p e n e t ra te d  th e  i n t e s t i n a l  t i s s u e  in  immunized and non-immunized mice a f t e r  

egg c h a l le n g e .  However, in  the  immunized mice development of th e  p a ra ­

s i t e s  was ab o r te d  b e fo re  they reached  th e  c y s t i c e r c o id  s tage  and they 

underwent l y s i s  and d isappea red .

Work by a number of i n v e s t i g a t o r s  sugges ts  t h a t  de lay ed - ty p e  hy­

p e r s e n s i t i v i t y  (c e l l -m e d ia te d  immunity) may have a s i g n i f i c a n t  r o l e  in 

acqu ired  immunity to  metazoan p a r a s i t e s .  Larsh  e t  (l964) t r a n s f e r r e d  

p e r i to n e a l  c e l l s  removed from donor mice in f e c te d  w ith  T r i c h in e l la  

s p i r a l i s  t o  normal r e c i p i e n t s  and observed t h a t  s i g n i f i c a n t l y  fewer a d u l t  

worms could be recovered  from th e se  mice th a n  from c o n t ro l s  g iven  the  

same ch a l len g e  in f e c t i o n .  From t h i s  o b s e rv a t io n ,  Larsh concluded t h a t  a 

de layed  h y p e r s e n s i t i v i t y  r e a c t io n  was r e s p o n s ib le  f o r  th e  a c c e le r a te d  r e ­

moval of a d u l t  worms t h a t  occurs in  p re v io u s ly  in f e c te d  an im als .  Wagland 

and Dineen ( l965)  showed t h a t  t r a n s f e r  of m e sen te r ic  lymph-node c e l l s  

from guinea p ig s  immunized to  T r ic h o s t ro n q y lu s  c o lu b r i fo rm is  p reven ted  a 

p rim ary  in f e c t i o n  from reach ing  pa tency  in  non-immune r e c i p i e n t s  of the  

same inbred  s t r a i n ,  whereas a s in g le  i n j e c t i o n  of serum from r e s i s t a n t  

donors d id  no t  have any n o t ic e a b le  e f f e c t  on th e  development of prim ary 

in f e c t i o n .  They suggested  th a t  th e  c o n t ro l  o f  th e se  he lm in th s ,  in  which 

a l l  s tag es  of i n f e c t io n  a re  confined  to  th e  a l im e n ta ry  t r a c t ,  may be
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m ediated by a d e lay ed - ty p e  h y p e r s e n s i t i v i t y  r e a c t io n .  M il le r  (l967) r e ­

p o r te d  t h a t  dogs i n j e c te d  w ith  lymph-node c e l l s  from donors immunized to  

Ancylostoma caninum r e s i s t e d  a ch a l len g e  in f e c t io n  b e t t e r  than u n tre a te d  

c o n t ro l s .  He noted a t y p i c a l  de layed  h y p e r s e n s i t i v i t y  skin response 

( c e l l u l a r  i n f i l t r a t i o n  and in d u ra t io n )  to  th e  cha l lenge  la rv a  when th e y  

p e n e t r a te d  th e  sk in  of th e  r e c i p i e n t s .  Lang e t  al_. (l96V) t r a n s f e r r e d  

p a r t i a l  immunity t o  F a s c io la  h e p a t ic a  t o  non-immunized mice w ith  p e r i ­

to n e a l  exudate c e l l s  from in f e c te d  donors .

T ra n s fe r  of immunity t o  H. nana w ith  c e l l s  was f i r s t  re p o r te d  

by F riedberg  e t  ( l9 6 7 ) .  In t h a t  s tu d y ,  x - i r r a d i a t e d  mice given

sp leen  c e l l s  from immunized donors developed s i g n i f i c a n t l y  fewer p a ra ­

s i t e s  on egg ch a l len g e  th an  s im i l a r l y  i r r a d i a t e d  c o n t ro l s  given sp leen  

c e l l s  frpm non-immunized donors . Weinmann ( l968 )  r e p o r te d  t h a t  sp le n e c ­

tomy o f a d u l t  mice had no e f f e c t  on n a t u r a l  o r  acqu ired  immunity to  H. 

nana.

The a b i l i t y  to  t r a n s f e r  immunity t o  H. nana and o th e r  p a r a s i t e s  

w ith  c e l l s ,  b u t  not w ith  serum, b r in g s  to  mind the  s tu d ie s  of c e l l u l a r  

t r a n s f e r  of d e la y e d - ty p e  h y p e r s e n s i t i v i t y  to  tu b e rc u l in  rep o r ted  by Chase 

(1945).

The r o l e  o f  d e la y e d - ty p e  h y p e r s e n s i t i v i t y ,  e i t h e r  in  recovery  

from in f e c t i o n  or in  development of s p e c i f i c  long l a s t i n g  immunity, i s  

u n c e r ta in .  In  t u b e r c u lo s i s ,  w i th in  c e r t a i n  l i m i t s  d e layed -type  hypersen­

s i t i v i t y  c o n t r ib u te s  to  e f f e c t i v e  immunity, b u t  i t  may a lso  be a d i s a d ­

van tage to  th e  h o s t  because of th e  in te n s e  c e l l u l a r  r e a c t io n  around fo c a l  

in f e c t io n  (Burrows, 1968). The p o s s ib le  r e l a t i o n s h i p  between th e  d e la y e d -  

type  h y p e r s e n s i t i v i t y  r e a c t io n  in  v i r a l  and b a c t e r i a l  in f e c t io n  and



6

immunity was reviewed by Uhr (l9o6) who concluded t h a t  th e  r e l a t i o n s h ip  

i s  not c l e a r .

The t r a n s f e r  of immune c a p a c i ty  by v ia b le  c e l l s  i s  r e f e r r e d  to  

as adop tive  immunity. C e l ls  from immunized donors are in o c u la te d  in to  

r e c i p i e n t s  of th e  same sp e c ie s  which a re  incapab le  of an immune response  

to  a n t ig e n ic  c h a l le n g e .  Leukocytes from v a r io u s  sources  and whole blood 

have been used f o r  t r a n s f e r  (Brownstone e t  a l . . ,  1966). Donor c e l l s  may 

be i n j e c te d  in to  r e c i p i e n t s  in t ra v e n o u s ly  o r  i n t r a p e r i t o n e a l l y .  Some­

tim es th e  c e l l s  a re  p laced  in  m i l l ip o r e  d i f f u s io n  chambers to  allow  p e r i ­

odic  o b se rv a t io n s  o f  c e l l  morphology o r  t o  ob ta in  c y to k in e t i c  da ta  (A lg ire  

e t  a l . ,  1954; Capalbo e t  a l . . , 1964). Donor c e l l s  f o r  t r a n s f e r  may be ob­

t a in e d  from an animal t h a t  has been a p p ro p r ia te ly  immunized o r  by in c u ­

b a t in g  normal c e l l s  w ith  a s p e c i f i c  a n t ig e n  p r i o r  to  t r a n s f e r  (H a rr is  

e t  , 1956). Sometimes r e c i p i e n t s  a re  x - i r r a d i a t e d .  I r r a d i a t i o n  of

syngeneic  r e c i p i e n t s  r e s u l t s  in  enhanced an t ibody  s y n th e s is  by t r a n s ­

p la n te d ,  s e n s i t i z e d  c e l l s  b u t  th e  mechanism i s  not unders tood  (Makinodan 

e t  , 1956; Dixon and McConahey, 1963; C elada, 1966). In a l lo g e n e ic

t r a n s f e r ,  x - i r r a d i a t i o n  p re v e n ts  r e j e c t i o n  of donor c e l l s  by d ep re ss in g  

th e  h o s t  immune c a p a c i ty  (H a r r is  and H a r r i s ,  1951; Makinodan e t  a l . .

1956).

The e f f e c t  o f  x - r a d i a t i o n  on immune responses  has been s tu d ie d  

e x te n s iv e ly  (Jacobson e t  a l . , 1949; T a l i a f e r r o  and T a l i a f e r r o ,  1951; 

Jacobson and Robson, 1952; Talmage, 1955; Dixon, 1957; Ruch and Wolff, 

1957; P o r t e r ,  1960; and Thorbecke e t  a l . , 1964). Immediately a f t e r  i r r a ­

d i a t i o n ,  th e re  i s  a ra p id  r e d u c t io n  in  th e  number of lymphocytes in  th e  

p e r ip h e r a l  blood (Taylor e t  a l . . , 1919; Wald e t  a J . , 1962) and lo s s  of
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c a p a c i ty  f o r  a p rim ary  an tibody response to  a n t ig e n .  About 30 days a re  

re q u i re d  f o r  the  animal to  reco v e r  (Dixon. ^  a l . , 1952a).

Acute r a d i a t i o n  d ea th ,  as caused by whole body x - i r r a d i a t i o n ,  

i s  due c h i e f ly  to  th e  d e s t r u c t io n  of the h em atopo ie tic  system (Smith and 

Congdon, I9 6 0 ) .  Bone marrow t r a n s p l a n ta t io n  can r e s u l t  in  re p o p u la t io n  

of hem opoietic  t i s s u e  in  th e  i r r a d i a t e d  r e c i p i e n t s  (DeVries and Vos,

1959). T issu es  which have proved e f f e c t iv e ,  in  a d d i t io n  t o  bone marrow, 

inc lu d e  sp leen  and f e t a l  l i v e r  (Micklem and Ford, 1960; Jacobson e t  a l . .  

1956). Normally, c e l l s  ad m in is te red  in t ra v e n o u s ly  a re  more e f f e c t iv e  

than  th o se  g iven  i n t r a p e r i t o n e a l l y  r e l a t i v e  to  th e  number of c e l l s  r e ­

qu ired  to  g ive  comparable s u rv iv a l  of l e t h a l l y  i r r a d i a t e d  animals ( Smith 

and Congdon, I9 6 0 ) .  However, d e s p i t e  t h i s  advantage of th e  in travenous  

r o u te ,  i n t r a p e r i t o n e a l  i n j e c t i o n  provides a means of ad m in is te r in g  c e r ­

t a i n  p r e p a r a t io n s  of hem atopo ie tic  t i s s u e  which may cause d ea th  by embo­

lism  i f  th e y  a re  i n j e c te d  in trav en o u s ly .

Using c e l l  suspensions  t r a n s f e r r e d  to  i r r a d i a t e d ,  syngeneic r e ­

c i p i e n t s ,  Claman and h i s  co l leag u es  concluded r e c e n t l y  t h a t  stem c e l l s  

needed to  make an tibody  a g a in s t  c e r t a in  a n t ig e n s  a re  p re s e n t  in  the  sp leen  

and a l s o  in  thymus-marrow c e l l  com binations. Thymus or marrow c e l l s  alone 

a re  no t immunocompetent, whereas th e  i n t a c t  s p leen  has a l l  the  c e l l u l a r  

elem ents  n e c e ssa ry  f o r  evoking an immune re sponse  (Claman e t  a l . ,  1966a, 

1966b; Hayes and Claman, 1970). The a d d i t io n  o f  bone marrow c e l l s  from 

non-immune donors enhances th e  immune response o f  i r r a d i a t e d  mice re c o n ­

s t i t u t e d  w ith  sp leen  c e l l s  from immunized donors (Radovich e t  a l . , 1968).

T ra n s fe r  of sp leen  c e l l s  from donor mice to  l e t h a l l y  i r r a d i a t e d  

syngeneic  r e c i p i e n t s  has been in v e s t ig a te d  e x t e n s iv e ly  by Makinodan and
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h is  a s s o c ia te s  (see Makinodan and A lb r ig h t ,  1966). These s tu d ie s  i n d i ­

ca ted  t h a t  th e  amount o f  an tibody produced i s  r e l a t e d  to  th e  number of 

primed c e l l s  t r a n s f e r r e d  and t h a t  f o r  a maximum an tibody  response th e re  

i s  an optimum dose of an t ig e n  f o r  immunization of th e  donors . Their  r e ­

s u l t s  a l so  suggested t h a t  non-primed c e l l s  are  s e n s i t i v e  t o  the  r e q u i r e ­

ment of th e  i r r a d i a t e d  r e c i p i e n t  fo r  hemopoietic c e l l s ,  whereas primed 

c e l l s  a re  no t (Perk ins  and Makinodan, 1964). These r e l a t io n s h ip s  may 

be d i f f e r e n t  fo r  d i f f e r e n t  an t ig en s  (S e l l  and Asofsky, 1968).

The t r a n s f e r  o f  an tibody-form ing c ap a c i ty  from immunized r a b b i t s  

to  homologous r e c i p i e n t s  by means of nu c leo p ro te in  co n ta in in g  f r a c t io n s  

was f i r s t  r e p o r te d  by S te r z l  and Hrubesova ( l9 5 6 ) .  In 1963 Fong e t  

re p o r te d  t h a t  c e l l -m e d ia te d  immunity to  th e  tu b e rc le  b a c i l lu s  could be 

induced in  normal an im als  w ith  th e  ribosom al f r a c t i o n  o f  h i s t i o c y t e s  from 

immunized r a b b i t s .  They e s ta b l i s h e d  the importance of RNA in th e  induc­

t i o n  of c e l l -m e d ia te d  immunity by i s o l a t i n g  an a c t iv e  ribosom al RNA f r a c ­

t i o n  which was in a c t iv a te d  by r ib o n u c le a se  bu t r e s i s t e d  the  a c t io n  of 

deoxyribonuclease  and t r y p s in .  Sato and M itsuhashi (1965) re p o r te d  t h a t  

normal monocytes became s e n s i t i z e d  when th e y  were incuba ted  w ith  the  

ribosom al f r a c t io n  of monocytes from mice immunized to  Salmonella 

e n t e r i t i d i s . Friedman ( 1964a) t r a n s f e r r e d  immunity to  S h ig e l la  p a ra -  

d v s e n te r ia e  from immunized to  non-immunized r a b b i t s  w ith  lymph-node c e l l  

f r a c t i o n s .  C e l l - f r e e  homogenate, n u c le i ,  m itochondria ,  and r ib o n u c leo -  

p r o te in  co n ta in in g  f r a c t i o n s  from immune donors were a l l  a c t iv e  in induc­

ing th e  form ation  of a n t i - s h i g e l l a  a g g lu t in a t in g  an tibody  in  r e c i p i e n t s .

Following the  o b se rv a tio n  by Garvey and Campbell ( l957 )  t h a t  

RNA-antigen complex a c te d  as a "super"  a n t ig e n ,  th e r e  has been widespread
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i n t e r e s t  in  th e  r o le  of s u b c e l lu la r  f r a c t i o n s  in  an tibody  fo rm atio n .  

Evidence t h a t  RNA i s  involved  in th e  i n i t i a t i o n  of an tibody  fo rm ation  by 

lymphocytes was o r i g i n a l l y  ob ta ined  by Fishman and h i s  coworkers ( l 9 6 l ,  

1963), who observed an in c re a s e  in  an tiphage  an tibody  in a c u l tu r e  t h a t  

con ta ined  lymphocytes from non-immune r a t s  and macrophages from r a t s  im­

munized to  Î 2 phage. An immunologically a c t iv e  m a te r ia l  t h a t  con ta ined  

RNA was e x t r a c te d  from th e  macrophages. These f in d in g s  were confirmed 

l a t e r  by many w orkers. Using the  J e rn e  p laque techn ique ,  Cohen and Parks 

( l9 6 5 ) ,  Cohen e t  a l . , ( l9 6 5 ) ,  Cohen ( l967 )  and Friedman ( l964b) observed 

t h a t  RNA-rich p r e p a ra t io n s  or RNA e x t ra c te d  from the  sp leen  of mice im­

munized w ith  sheep red  c e l l s  induced some sp leen  c e l l s  from non-immunized 

mice to  form an tibody  j j i  v i t r o . Askonas and Rhodes (1965) and Friedman 

(l965) re p o r te d  t h a t  sm all amounts of a n t ig e n  fragm ents were p r e s e n t  in  

th e  a c t iv e  RNA e x t r a c t s  p repared  by a s im i l a r  p rocedure  from t i s s u e s  ob­

ta in e d  from immunized m ice, r a t s ,  and r a b b i t s .  R ecen tly ,  n u c le ic  a c id -  

r i c h  e x t r a c t s  p repared  from sp leen s  of mice immunized w ith  a so lu b le  

S h ig e l la  a n t ig e n  were used to  induce a s p e c i f i c  immune response  in  normal 

mice (Friedman, 1969) and sp leen  c e l l s  from non-immunized r a b b i t s  were 

shown t o  c o n v e r t  to  an t ibody  p laque-form ing  c e l l s  by in c u b a t io n  w ith  RNA 

e x t r a c t s  o f  p e r i t o n e a l  exudate  c e l l s  or lymph-node c e l l s  from immunized 

r a b b i t s  (B e l l  and Dray, 1969). The n a tu re  and mode of a c t io n  of such 

n u c le ic  a c i d - r i c h  e x t r a c t s  i s  s t i l l  u n c e r ta in  and i s  c u r r e n t ly  under i n ­

v e s t i g a t i o n  in  many l a b o r a t o r i e s .

The p re s e n t  in v e s t ig a t io n  was undertaken  to  co n s id e r  th e  v a r io u s  

f a c t o r s  t h a t  in f lu en ce  adop tive  immunity t o  H. nana in  mice, in c lu d in g  

th e  ro u te  o f  immunization o f  th e  donors and x - i r r a d i a t i o n  of r e c i p i e n t s .
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Also, th e  p r e p a ra t io n  and t e s t i n g  of sp leen  c e l l  homogenate and m icro­

somal and t o t a l  RNA f r a c t io n s  fo r  t r a n s f e r  of immunity were s tu d ie d .



CHAPTER I I  

MATERIALS AND METHODS

V e r te b ra te  Hosts

Male CgBFi/Cum mice^ were employed th roughout th e  in v e s t ig a t io n  

as  donors  and r e c i p i e n t s ,  excep t in  one experim ent in which th e  r e c i p i ­

e n t s  were male CD  ̂ m ice .^  A ll mice were m ain ta ined  on P urina  Labora to ry  

Chow^ and c h lo r in a te d  w ate r  (8  ml Chlorox/40 g a l lo n s  ta p  w a te r ) .  Except 

where o th e rw ise  s p e c i f i e d ,  th e  mice were between 8 to  12 weeks old a t  

th e  s t a r t  o f  each experim en t.  They were housed in  p o lycarbona te  pans 

(lO" X I 8 - I / 2 " X 5 " ) ,  u s u a l ly  in  groups of 15 animals each .  Following 

i r r a d i a t i o n ,  th e  mice were housed i n d i v id u a l ly .  N on-in fec ted  animals 

were kep t s e p a r a t e ly  from th e  in f e c te d  ones.

In te rm e d ia te  Host

F lo u r  b e e t l e s ,  T ribolium  confusum. were kept in  a g la s s  j a r  and 

m a in ta in ed  on whole wheat f l o u r  c o n ta in in g  no p r e s e r v a t iv e .  The b e e t le s  

were o b ta in ed  from th e  Biology Department a t  Rice U n iv e rs i ty  and main­

t a in e d  in  th e  Radiobio logy L abora to ry  of Aeromedical Research I n s t i t u t e ,  

FAA, s in c e  1964.

^Cumberland View Farms, C l in to n ,  Tennessee.

^C harles  R iver L abo ra to ry ,  Wilmington, M assachuse tts .

^R als ton  P urina  C o., S t .  L ou is ,  M issou ri .

11
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P a r a s i t e  Maintenance

A la b o ra to ry  s t r a i n  of Hymenolepis nana v a r .  f r a t e r n a  was used 

th roughout th e se  s tu d ie s .  The s to ck  in f e c t io n  was m a in ta ined  in  f lo u r  

b e e t l e s .  For t h i s  purpose , f r e s h l y  emerged a d u l t  b e e t le s  were s ta rv ed  

f o r  10 to  15 days p r i o r  to  i n f e c t i o n .  The H. nana eggs, o r  crushed worms 

on a c i r c l e  o f  moistened f i l t e r  paper ,  were pu t  in to  a p e t r i  d is h  w ith  

th e  b e e t l e s  f o r  consumption. Two days l a t e r ,  whole wheat f l o u r  was added. 

Mature c y s t ic e ro c o id s  developed in  th e  b e e t le s  in  about th r e e  weeks. 

B e e t le s  remain in fe c te d  w ith  v ia b le  c y s t i c e r c o id s  f o r  many months. New 

b e e t l e  la rv a e  were screened  o u t  a t  monthly i n t e r v a l s  t o  avo id  d i l u t i o n  of 

i n f e c t i v e  c u l tu r e s  by subsequent g e n e ra t io n s .

In fe c te d  b e e t l e s  were p laced  in  Tyrode s o lu t io n ^  in  a p e t r i  d ish  

and d i s s e c te d  under a d i s s e c t in g  m icroscope. The head, e l y t r a ,  and wings 

were removed and th e  abdomen was opened. The r e a d i l y  r e le a s e d  c y s t i c ­

e rc o id s  were then  c o l le c t e d  in  g roups . A dozen c y s t i c e r c o i d s  con ta ined  in 

0 .2  ml of Tyrode s o lu t io n  were in troduced  d i r e c t l y  in to  th e  esophagus of 

th e  l i g h t l y  a n e s th e t iz e d  mouse by means of a sy r in g e  f i t t e d  with an 18- 

gauge hypodermic need le  and a p o ly e th y len e  tu b e .  H. nana a d u l t  worms 

were h arves ted  from th e  p o s t e r i o r  end of the  mouse ileum about 9 to  12 

days a f t e r  th e  i n f e c t io n .

P re p a ra t io n  o f  H. nana Eggs

Eggs were ob ta ined  by g r in d in g  mature and g rav id  worm p r o g lo t t id s  

w ith  5 ml of Tyrode s o lu t io n  in  a 15 ml g la s s  P o t t e r  Elvehjem homogenizer. 

The suspension  was f i l t e r e d  th rough  a 200-mesh s t a i n l e s s  s t e e l  screen^

^TC Tyrode S o lu t io n ,  DIFCO Lab., D e t r o i t ,  M ichigan.
5

Small P a r ts  I n c . ,  Miami, F lo r id a .
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(pore  s iz e  74 p) to  remove a l l  l a rg e  p a r t i c l e s ,  and the  mature eggs were 

th en  c o l le c te d  on a 400-mesh sc reen  (pore  s iz e  38p). The egg suspension  

was mixed w ith a magnetic s t i r r e r  a t  low speed to  achieve a uniform d i s ­

p e r s io n .  Egg counts were made under th e  low power o b je c t iv e  (lOO X) of 

th e  microscope with a 0.01 ml sample of th e  egg suspension on a g ridded  

g la s s  s l i d e  (80 squares in an a rea  16 X 16 mm). Three samples were 

counted and th e  average was used to  c a l c u la te  th e  t o t a l  egg coun t.  The 

t o t a l  volume o f suspension was a d ju s te d  so t h a t  each animal rece iv ed  

th e  d e s i r e d  number o f  eggs in  a s p e c i f i e d  volume of Tyrode s o lu t i o n .  In 

o rd e r  to  determ ine th e  number of eggs in  th e  f i n a l  egg su sp en sio n ,  th r e e  

a d d i t io n a l  egg counts were made a f t e r  a d ju s t in g  the  volume.

Immunization of Mice 

Mice were u s u a l ly  g iven  two immunizing egg doses ,  under l i g h t  

e t h e r  a n e s th e s ia .  The f i r s t  dose  was approxim ately  5,000 eggs and th e  

second, given 3 weeks l a t e r ,  was approxim ate ly  10,000 eggs. I n i t i a l l y ,  

th e  e f f e c t  of th e  ro u te  of a d m in is t r a t io n  of the  eggs was s tu d ie d .  To 

a d m in is te r  eggs v ia  the  o ra l  r o u t e ,  use was made of a 1 ml tu b e rc u l in  

s y r in g e  w ith  a Luer Lock connec to r  f i t t e d  w ith a b lunted  18-gauge h yper-  

dermic needle and a po ly e th y len e  tube t h a t  extended about 25 mm from th e  

end of the  need le .  The egg su spension  was adm in is te red  f a r  down in  th e  

esophagus. Eggs given by the  i n t r a p e r i t o n e a l  ro u te  were adm in is te red  

w ith  a 1 ml sy ringe  f i t t e d  w ith  a 24-gauge need le .  Some mice re c e iv e d  

eggs by both  th e  o ra l  and i n t r a p e r i t o n e a l  r o u te s .  These an im als .w ere  

g iven  a t o t a l  of 10,000 eggs i n i t i a l l y  and 20,000 eggs th r e e  weeks l a t e r .  

Eggs g iven  by th e  in travenous  r o u te  were in je c te d  in to  a t a i l  ve in  through  

a 27-gauge n eed le .
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X -I r r a d ia t io n

X-rays were produced by a K eleket c o n s ta n t  p o t e n t i a l  therapy  

machine^ operated  a t  250 KV and 15 mA. O ther r a d i a t i o n  f a c t o r s  were: 

in h e re n t  f i l t r a t i o n  e q u iv a le n t  t o  3=5 mm Al, added f i l t r a t i o n  0.25 mm Cu 

and 1 .0  mm Al, h a l f -v a lu e  la y e r  1 .18 mm Cu, t a r g e t  to  mouse m id line  82 

cm. In a l l  experim ents , the  i r r a d i a t e d  mice were given a s in g le  whole- 

body exposure of 950 R a t  a dose r a t e  of 75 to  78 R/m inute. During i r r a ­

d i a t i o n  the  mice were con fined  in  in d iv id u a l  p e r fo r a te d  P le x ig la s  con­

t a i n e r s  on a revo lv ing  P le x ig la s  tu r n ta b le  ( l 8  r e v /m in ) .  Thé exposure 

d o s e - r a t e  was measured and checked w ith  a 250 R V ictoreen  Condenser 

R-Meter^ p laced  in the  c e n te r  p o s i t i o n  of an empty P le x ig la s  c o n ta in e r .  

Mice were i r r a d i a t e d  in  a group of t e n .

In most o f  th e  experim ents  in  which c e l l  r e c i p i e n t s  were i r r a ­

d ia te d  (Tables 4, 5 , 6 ,  7 ,  9, 10, 11, and 1 4 ) ,  a group of r a d i a t i o n  con­

t r o l  mice (no c e l l s  g iv en )  was inc luded  to  confirm  t h a t  a l e t h a l  dose of 

r a d i a t i o n  was a d m in is te re d . .  The r a d ia t io n  c o n t ro l  mice a l l  d ied  w ith in  

12 days a f t e r  i r r a d i a t i o n .

C o l l e c t io n  of Mouse Bone Marrow

The femurs were removed and s to re d  o v e rn ig h t  in  th e  r e f r i g e r a t o r  

a t  2 C p r io r  t o  th e  p r e p a ra t io n  of th e  c e l l  suspension  and th e  marrow 

was in j e c te d  w ith in  l - l / 2  hours a f t e r  th e  c e l l  p r e p a r a t io n .  To p repare  

th e  c e l l  suspension , th e  ep ip h y s is  was cu t o f f  and the  bone marrow "plug" 

was f lu shed  ou t by fo r c in g  Tyrode so lu t io n  th rough  the  s h a f t  by use of a

^Standard X-Ray Co., Chicago, I l l i n o i s .

^V ictoreen Ins trum en t Co., C leve land , Ohio.
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sy r in g e  and 23-gauge n eed le .  Marrow clumps were broken up by drawing 

them through th e  needle  s e v e ra l  t im es .  The t o t a l  number of n u c lea ted  

c e l l s  was counted in  a B r ig h t  Line Hemocytometer.® A sample of marrow 

c e l l  suspension  was drawn in to  a re d  blood c e l l  p i p e t t e  t o  th e  5 mark, 

and brough t t o  th e  101 mark by th e  f u r t h e r  a d d i t io n  of 1% a c e t i c  ac id  

co lo re d  w ith  m ethylene blue (2 d rops of 1% m ethylene b lue  d i l u t e d  to  100 

ml w ith  1% a c e t i c  ac id  in  w a te r ) .  The p i p e t t e  was a g i t a t e d  f o r  one min­

u te  on a M ic r o s t i r , 9 The f i r s t  fo u r  d rops  were ex p e l led  from th e  p i p e t t e .  

A Levy Double Neubauer Chamber® was c lean ed  w ith  95% e th a n o l .  Both s id e s  

of t h e  hemocytometer chamber counting s l i d e  were f i l l e d  from th e  rem ain­

ing m ix tu re .  Two counts were made f o r  each  sample and th e  counts  were 

averaged . The c e l l  suspension was then  a d ju s te d  to  c o n ta in  4 X 10^ c e l l s  

p e r  ml.

P re p a ra t io n  of Spleen C e l l  Suspension

Mice were k i l l e d  by c e r v ic a l  d i s l o c a t i o n  and th e  sp leen s  were 

removed. The c e l l  suspension  was p re p a re d  w ith  groups of seven sp leen s ,  

each of which was cu t  in to  3 p ie ces  and p la c e d  in  a 15 ml g la s s  P o t te r  

Elvehjem t i s s u e  g r in d e r  to g e th e r  w ith  10 ml o f  Tyrode s o lu t io n  co n ta in in g  

5% normal mouse serum. G entle  p re s s u re  was a p p l ie d  to  the  p lunger  o f  th e  

t i s s u e  g r in d e r  to  d i s r u p t  th e  t i s s u e  f rag m en ts  in t o  a cloudy suspension . 

The suspension  was then  f i l t e r e d  th rough  a 100-mesh s t a i n l e s s  s t e e l  w ire 

s c reen  to  remove p a r t i c l e s  o f  t i s s u e .  T o ta l  w hite c e l l s  were counted and 

th e  c e l l  co n ce n tra t io n  was a d ju s te d  by th e  same method as t h a t  used w ith

®American O p tic a l  Co., B u ffa lo ,  N. Y.

^Burton M anufacturing Co., Van Nuys, Los Angeles, C a l i f o r n ia .
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th e  bone marrow. About 1 X 10® c e l l s ,  in a volume of 1 ml, were norm ally  

g iven  to  l e t h a l l y  x - i r r a d i a t e d  mice by t a i l  ve in  in j e c t i o n .

P re p a ra t io n  of Spleen Homogenate 

The p rocedure  used to  p re p a re  th e  sp leen  homogenate was e ssen ­

t i a l l y  th e  same as t h a t  used f o r  th e  sp leen  c e l l  suspension e x ce p t  t h a t  

th e  sp leen  fragm ents were su b je c te d  to  f r e e z in g  (d ry  ic e  and e th a n o l)  and 

thawing ( ta p  w ater)  b e fo re  homogenation in  a P o t t e r  Elvehjem t i s s u e  

g r in d e r .

P re p a ra t io n  of Spleen Microsome F ra c t io n  

Spleen homogenate, p repared  as d e sc r ib e d  above, was c e n t r i fu g e d  

a t  14,500 X g fo r  15 m inu tes  a t  4 C in  a S e rv a l l  RC-2 r e f r i g e r a t e d  cen­

tr ifuge .^*^  The su p e rn a ta n t  was then  decan ted  and re c e n t r i fu g e d  in  an 

u l t r a c e n t r i f u g e l l  a t  105,000 X g f o r  90 m inu tes  a t  4 C. The p ink  p e l l e t  

sedim ent (microsomes) was c o l l e c t e d  from th e  bottom of the  tubes  and r e ­

suspended in  Tyrode s o lu t i o n  (pH 7 . 4 ) .  In one experiment (Table 12) the  

sp leen  fragm ents  were homogenized w ith o u t  p r i o r  f r e e z in g  and thaw ing.

E x t r a c t io n  of T o ta l RNA from th e  Spleen 

The h o t phenol p rocedure  used to  e x t r a c t  sp leen  t o t a l  RNA was a 

s l i g h t  m o d if ic a t io n  of th e  method of Lang and S ek e r is  ( l9 6 4 ) .  T h i r ty  

sp leen s  were each c u t  in t o  3 p ie c e s  and p laced  in  a 10 ml t e s t  tu b e  with 

1 ml of Tyrode s o lu t i o n .  The sp leen  fragm ents were qu ick ly  f ro z e n  by 

p la c in g  th e  tube  in  a d ry  ic e -9 5 ^  e th a n o l  m ix tu re .  The t i s s u e  was then

l^ lv an  S o r v a l l ,  I n c . ,  Norwalk, C o n n ec t icu t .

^^Beckman, Model L P re p a ra t iv e  U l t r a c e n t r i f u g e .
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thawed under tap  water and homogenized im m ediately  in  a 15 ml g la s s  

P o t t e r  Elvehjem t i s s u e  g r in d e r  w ith  20 ml of 0 .03  M phosphate b u f f e r  

(pH 6 .8 )  con ta in in g  0.03% sodium deoxycho la te ,  0.1% polyvinyl s u l f a t e ,  

and 0 .14 M sodium c h lo r id e .  The m ix ture  was then  t r a n s fe r r e d  t o  a 150 

ml Erlenmeyer f l a s k  and 20 ml of 88% phenol^^ were added and mixed 

th o ro u g h ly .  The f la s k  was then incuba ted  fo r  15 minutes in  a 50 C w ater 

ba th  w ith  shaking . A fte r  in c u b a t io n ,  20 ml of 0.9% NaCl so lu tion  were 

added and th e  m ixture was c e n t r i fu g e d  a t  27,000 X g f o r  30 minutes in  a 

S e rv a l l  RC-2 r e f r i g e r a t e d  c e n t r i fu g e  w ith r o t o r  88-34. The upper aque­

ous la y e r  (RNA I ) ,  which con ta ined  r-RNA and t-RNA, was removed. The 

in te rp h a s e  was e x t ra c te d  w ith  20 ml o f  b u f f e r  and then  mixed w ith  20 ml 

of 88% phenol a t  65 C f o r  15 minutes in  a shaking w ater bath, as  b e fo r e .  

The in te rp h a s e  f r a c t io n  was then  combined w ith  20 ml of 0.9% NaCl s o lu ­

t i o n  and c e n t r i fu g e d  a t  27,000 X g fo r  15 m in u tes .  The aqueous la y e r  

(RNA I I )  was c a r e fu l ly  c o l l e c t e d  and combined w ith  th e  RNA I f r a c t i o n .

The combined aqueous s o lu t io n s  were e x t ra c te d  again w ith  88% 

phenol a t  room tem pera tu re  fo r  15 m inutes on a shaker .  The m ixture was 

then  c e n t r i fu g e d  a t  4 ,000 X g fo r  5 m in u tes .  The aqueous upper l a y e r  

and th e  in te rp h a s e  (which con ta ined  th e  RNA) were t r a n s fe r r e d  t o  a f l a s k  

and shaken f iv e  tim es w ith  equal volumes of p e ro x id e - f re e  e th e r  to  remove 

pheno l.  N itrogen  was then  bubbled through th e  s o lu t io n  u n t i l  i t  was f re e  

of e th e r .  The RNA was th en  p r e c i p i t a t e d  by a d d i t io n  of two volumes of 

a b so lu te  e th an o l and was s to re d  a t  -20 C o v e rn ig h t .  The to ta l  RNA ex­

t r a c t  was concen tra ted  by c e n t r i f u g a t io n  and d is s o lv e d  in  0.9% NaCl f o r

& K Lab., I n c . ,  P la inv iew , N. Y.

3 3M allinckrod t C o., S t .  L ouis , M isso u ri .
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i n j e c t i o n .

RNA D eterm ination

The i s o la te d  RNA f r a c t i o n  was c h a ra c te r iz e d  by u l t r a v i o l e t  ab­

so rp t io n  (Ogur and Rosen, 1950) and by th e  O rcinol t e s t  ( C e r i o t t i ,  1955).

A sample was d i lu te d  15 tim es w ith  10^ p e rc h lo r ic  ac id  s o lu t io n  

and scanned w ith  a Beckman DB spectropho tom eter  in  th e  u l t r a v i o l e t  ab­

so rp t io n  re g io n  from 200 through 320 mp. An u l t r a v i o l e t  ab so rp tio n  peak 

a t  258 to  260 mp in d ic a te d  th e  presence  o f  n u c le ic  ac id .

The assay  fo r  pen tose  in  the  RNA e x t r a c t  (O rcinol t e s t )  was p e r ­

formed as fo llo w s : 200 mg of O rc ino l^^  (m.p. 106 C) was d is so lv ed  in

c o n c e n tra te d  h y d roch lo r ic  a c id ,  10 ml of CuClgi-HgO s o lu t io n  was added, 

and th e  volume was made up to  100 ml w ith  co n ce n tra te d  h y d roch lo r ic  ac id .  

F ive  ml o f  t h i s  reagen t were combined w ith  5 ml of th e  s o lu t io n  to  be 

t e s t e d .  The t e s t  tubes were shaken th o rough ly  and immersed in  a b o i l in g  

w ater ba th  f o r  40 m inutes . The tubes  were then cooled under runn ing  

w a te r .  The c o lo r  was e x t ra c te d  w ith  5 ml of isoamyl a lcoho l and, a f t e r  

c e n t r i f u g a t io n ,  was read  with a Beckman DB spectrophotom eter a t  675 mp 

a g a in s t  a b lank  t r e a te d  in  th e  same manner. A s tandard  curve was con­

s t r u c t e d  us ing  a commercially o b ta ined  RNA s tandard  prepared from Torula 

y e a s t . S e r i a l  d i l u t i o n s  of th e  RNA s ta n d a rd  were made in th e  b u ffe red  

s a l i n e  to  g ive  a range of 2 to  40 pg of RNA p e r  ml. The o p t i c a l  d e n s i ty  

of th e  unknown s o lu t io n  was converted  to  c o n c e n tra t io n  of RNA by r e f e r ­

ence to  th e  s tandard  curve. The average q u a n t i ty  o f  RNA per sp leen  was

^^F isher  S c i e n t i f i c  C o .,  P h i la d e lp h ia ,  Penn.

^^Sigma Chemical Co., S t .  Louis, M issou ri .
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0 .2 8  mg.

T ra n s fe r  o f  Immunity

Three weeks a f t e r  th e  second immunizing egg dose, th e  donor 

sp leen  c e l l s  o r  sp leen  c e l l  f r a c t i o n s  were used in  the  t r a n s f e r  of immu­

n i t y  experim ents . Normal, non-immune a d u l t  mice were used as r e c i p i e n t s .  

Most of th e  r e c i p i e n t s  were I r r a d i a t e d ,  bu t some were n o n - i r r a d i a te d .  

Twenty-four hours a f t e r  i r r a d i a t i o n  th e  l a t t e r  type  o f  r e c i p i e n t s  were 

i n j e c te d  in tra v e n o u s ly  w ith  1 .0  ml of Tyrode s o lu t io n  co n ta in in g  e i t h e r  

4 X 10^  bone marrow c e l l s  o r  1 X 10^ sp leen  c e l l s  from normal syngeneic 

m ice . In the  experim ents  on t r a n s f e r  of immunity w ith  sp leen  c e l l s ,  

sp leen  c e l l s  from immunized donors were given in s t e a d .  Before being 

g iven  an in travenous  i n j e c t i o n ,  each mouse was h e a t - t r e a t e d  by exposure 

to  an in f r a r e d  lamp^^ f o r  1 minute.. I t  was then confined in  a ho ld e r  

w ith  i t s  t a i l  extended o u ts id e .  I n je c t io n  was made in to  th e  t a i l  ve in  

w ith  a 1 ml tu b e rc u l in  sy r in g e  w ith  a Luer Lock connector f i t t e d  w ith  a 

27-gauge n eed le .  To t e s t  th e  t r a n s f e r  o f  immunity w ith  c e l l  f r a c t i o n s ,  

f r e s h l y  p repared  homogenate o r  c e l l  f r a c t i o n s  were in je c te d  i n t r a p e r i t o -  

n e a l ly ,  except in one experim ent where one group o f  mice was g iven  th e  

microsome f r a c t io n  by in t rav en o u s  i n j e c t i o n .  R e c ip ie n t  mice were g iven  

a second t r a n s f e r  one week l a t e r .  A cha l len g e  dose of about 5 ,000 H. 

nana eggs was adm in is te red  20 days a f t e r  th e  f i r s t  t r a n s f e r  of c e l l u l a r  

m a te r ia l  to  determ ine th e  s u s c e p t i b i l i t y  of the  r e c i p i e n t  t o  i n f e c t i o n .

In th e  i n i t i a l  experim ents ,  in which th e  s p le e n - c e l l  r e c i p i e n t s  

were x - i r r a d i a t e d ,  the  ch a l len g e  c o n t ro l s  were x - i r r a d i a t e d  and im planted

l^ F is h e r  I n f r a -R e d ia to r ,  500 W. Heat R e f l e c to r ,  F is h e r  S c ie n t .  
C o .,  P h i la d e lp h ia ,  Penn.
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w ith  normal sp leen  c e l l s .  Since c o n t ro l s  so  t r e a t e d  were found to  be as 

s u s c e p t ib le  to  H. nana in f e c t io n  as th e  normal u n tr e a te d  mice, normal 

n o n - i r r a d i a t e d  mice were used as ch a l len g e  c o n t ro l s  in  subsequent e x p e r i ­

ments.

P a r a s i t e  Count

C y s t ic e rc o id  counts were made e s s e n t i a l l y  as d e sc r ib e d  by 

Hunninen ( l9 3 5 b ) .  Mice were k i l l e d  by c e r v i c a l  d i s lo c a t i o n  90 to  92 

hours a f t e r  egg c h a l len g e .  The e n t i r e  sm all i n t e s t i n e  was removed from 

each mouse, p laced  in  a p e t r i  d is h  c o n ta in in g  ta p  w a te r ,  and s to re d  in  a 

r e f r i g e r a t o r  f o r  two days to  a l low  a u t o l y s i s  t o  p roceed . All f a t  and ad­

h e re n t  b lood  v e s s e ls  were then s t r ip p e d  from th e  i n t e s t i n e  w ith  a sm all,  

sharp f o r c e p s .  The i n t e s t i n e  was s l i t  open, shaken b r i s k ly  in  a s t e e l  

pan c o n ta in in g  about 3 ,000 ml of ta p  w ater to  r i d  i t  of mucus, then  c u t  

in to  5 cm le n g th s .  The f l a t t e n e d  s e c t io n s  of i n t e s t i n e ,  w ith th e  t i p s  

of th e  v i l l i  up, were p laced  in  p e t r i  d i s h e s  and covered w ith j u s t  enough 

ta p  w a te r  to  allow  th e  v i l l i  to  f l o a t .  The c y s t i c e r c o i d s ,  which were in  

th e  v i l l i ,  were counted under a d i s s e c t in g  m icroscope.

S t a t i s t i c a l  A nalysis  

The Mann-Whitney U T est ( o n e - t a i l e d )  was used to  analyze th e  

d a ta  ( S ie g e l ,  1956). D if fe ren ce s  between groups were considered  s i g n i f i ­

can t  a t  t h e  5% p r o b a b i l i t y  l e v e l .



CHAPTER I I I

RESULTS

The purpose of th e  i n i t i a l  experim ents  was to  compare the  e f f e c t  

d i f f e r e n t  r o u te s  of a d m in is t r a t io n  of immunizing egg doses  had on d e v e l­

opment of r e s i s t a n c e  to  a s ta n d a rd  cha l lenge  in f e c t i o n .  The r e s u l t s  of 

th e se  s tu d i e s  a re  p re s e n te d  in  Tables 1, 2, and 3 , R es is ta n c e  to  th e  

ch a l len g e  in f e c t io n  was complete r e g a rd le s s  of whether th e  immunizing 

egg doses were given by th e  o r a l ,  th e  i n t r a p e r i t o n e a l ,  o r  the  in travenous  

ro u te s ,  o r  by b o th  th e  o r a l  and i n t r a p e r i t o n e a l  r o u te s .

Although p a r t s  1 and 11 o f  th e  experim ent shown in  Table 3 were 

performed a t  d i f f e r e n t  t im e s ,  i t  i s  apparen t t h a t  th e  mice given two in ­

trav en o u s  egg doses r e s i s t e d  th e  ch a l len g e  in f e c t io n  b e t t e r  than  those  

given on ly  one dose.

The next fo u r  experim ents  were designed  to  i n v e s t i g a t e  v a r io u s  

f a c t o r s  which in f lu e n c e  adop tive  t r a n s f e r  immunity to  H, nana w ith  spleen 

c e l l s .  R e su l t s  p re se n te d  in  Tab les  4 and 5 show th e  e f f e c t  of the  ro u te  

of immunication of th e  donors on th e  le v e l  of immunity t r a n s f e r r e d .  

T ra n s fe r  o f  immunity was s u c c e s s fu l  when th e  s p l e e n - c e l l  donors were 

given two immunizing egg doses  by e i t h e r  th e  o r a l  o r  in t rav en o u s  r o u te s .  

R e la t i v e ly  l i t t l e  (Table 4) o r  no immunity (Table 5) was t r a n s f e r r e d  when 

th e  immunizing egg doses  were in j e c te d  i n t r a p e r i t o n e a l l y  or when an

21
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TABLE 1

CYSTICERCOID COUNTS AFTER EGG CHALLENGE IN MICE 
IMMUNIZED BY DIFFERENT ROUTES^

Challenge
c o n t ro l s

(1)

Route of immunization^

O ral
(2)

IP
(3)

O ral + IP 
(4)

179 0 0 0

196 0 0 0

225 0 0 0

251 0 0 0

258 0 0 0

262 0 0 0

301 0 0 0

311 0 0 0

328 0 0 0

375 0 0 0

®Each e n t ry  i s  the  number of c y s t i c e r c o id s  in  a s in g le  mouse 
90-92 hours  a f t e r  cha l len g e  w ith  4 ,900  H. nana eggs. Challenge g iven  3 
weeks a f t e r  th e  second immunizing egg dose.

^Immunizing egg d o ses :  (2) 4 ,850  o r a l ,  3 weeks l a t e r  9 ,400
o r a l ;  (3) 4,850 IP , 3 weeks l a t e r  9,400 IP; (4) 4 ,860  o ra l  and 4 ,8 5 0  IP, 
3 weeks l a t e r  9,400 o r a l  and 9 ,400  IP .
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TABLE 2

CYSTICERCOID COUNTS AFTER EGG CHALLENGE AS AFFECTED BY THE 
SEQUENCE OF IMMUNIZATION VIA THE ORAL AND 

INTRAPERITONEAL ROUTES^

Challenge
c o n t ro l s

(1)

Route and sequence of immunization^

2 o ra l
(2 )

2 IP 
( 3 )

2 o ra l  + 2 IP 
(4)

2 IP + 2 o ra l
(5 )

189 0 0 0 0

212 0 0 0 0

243 0 0 0 0

304 0 0 0 0

318 0 0 0 0

359 0 0 0 0

376 0 0 0 0

409 0 0 0 0

458 0 0 0 0

473 0 0 0 0

®Each e n t ry  i s  the  number of c y s t i c e r c o id s  in  a s in g le  mouse 
90-92 hours a f t e r  ch a l len g e  w ith  5,180 H, nana eggs. Time o f  challenge  
a f t e r  th e  l a s t  immunizing egg dose: (2) and (s )  9 weeks; (4 )  and (s) 3
weeks.

^Immunizing doses of eggs given a t  3 week i n t e r v a l s :  (2) 5,210
o r a l ,  9 ,800 o r a l ;  (3) 5 ,210 IP, 9,800 IP; (4 ) 5 ,210 o r a l ,  9 ,800 o r a l ,  
6 ,150 IP , 12,400 IP; ( s )  5 ,210 IP, 9,800 IP , 6,150 o r a l ,  12,400 o r a l .
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TABLE 3

CYSTICERCOID COUNTS AFTER EGG CHALLENGE IN MICE IMMUNIZED 
VIA THE INTRAVENOUS ROUTÊ

P a r t  ib
C hallenge Immunized 
c o n t ro l s  mice 

( l )  (2)

P a r t

Challenge
c o n t ro l s

(3)

I i c

Immunized
mice

(4)

334 7 91 0

369 33 95 0

d 380 38 102 0
------ >

456 102 132 0

493 ■ 121 135 0
------ >

575 216 159 0

182 0

185 0

201 0

241 0

Each en try  i s  th e  number of c y s t i c e r c o id s  in  a s in g le  mouse 
90-92 hours a f t e r  egg ch a l len g e .

*^Test mice g iven  one immunizing egg dose of 9 ,000 eggs by IV i n ­
j e c t io n  and challenged  3 weeks l a t e r  w ith  5 ,400 eggs.

CTest mice given two immunizing egg doses by IV i n j e c t i o n s :
4 ,500  i n i t i a l l y  and 3 weeks l a t e r  9 ,400 . Mice cha llenged  w ith  4 ,000  eggs 
3 weeks a f t e r  the  second immunizing egg dose .

^Medilan
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TABLE 4

CYSTICERCOID COUNTS AFTER EGG CHALLENGE IN X-IRRADIATED MICE 
IMPLANTED WITH SPLEEN CELLS FROM DONORS IMMUNIZED 

BY DIFFERENT ROUTES^
(EXPERIMENT I )

Trea tm ent o f  donors^
None O ral Eggs IP eggs Oral + IP eggs

(1) (2) (3 ) (4)

281 0 148 151

295 0 179 204

329 6 215 237

c 340 15 233 ------ >  243
-----^ -------> ■>

422 18 256 285

579 18 262 319

689 36 290 662

809 153 294 _d

^Spleen c e l l s  (IXIO®) t r a n s p la n te d  3 weeks a f t e r  donors given 
th e  l a s t  immunizing egg d o se .  R e c ip ie n ts  i r r a d i a t e d  (950R) 1 day b e fo re  
c e l l s  im plan ted , and c h a l le n g e d  w ith 5,000 H. nana eggs 20 days a f t e r  
c e l l s  im plan ted . Each e n t ry  i s  th e  number of c y s t i c e r c o id s  in  a s in g le  
mouse 90-92 hours a f t e r  c h a l le n g e .  D if fe re n c e s  between groups a t  5% 
p r o b a b i l i t y  l e v e l :  ( l )  v e rs u s  (2 ) ,  ( s )  o r  (4 ) s i g n i f i c a n t ;  (2 ) v e rsu s
(3 ) o r  (4 ) s i g n i f i c a n t .

^Egg doses given t o  sp leen  c e l l  donors : ( l )  none; (2 ) 5,000
o ra l ,  3 weeks l a t e r  9 ,950 o r a l ;  ( s )  5,000 IP , 3 weeks l a t e r  9 ,950 IP;
(4 ) 5 ,000 o ra l  and 5 ,000 IP , 3 weeks l a t e r  9,950 o r a l  and 9,950 IP.

^Median 

d
Mouse d ie d  b e fo r e  th e  end o f  th e  ex p er im en t.
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TABLE 5

CYSTICERCOID COUNTS AFTER EGG CHALLENGE IN X-IRRADIATED MICE 
IMPLANTED WITH SPLEEN CELLS FROM DONORS IMMUNIZED 

BY DIFFERENT ROUTES^
(EXPERIMENT I I )

Trea tm ent of donors^

None
(1)

Oral eggs
(2 )

IP eggs 
(3)

Oral + IP eggs 
(4)

IV eggs
( 5 )

91 5 38 60 49

95 20 86 71 55

102 21 90 86 58

132 24 106 93 60

0  ̂ 135 35 118
----->

107 — > 67

159 42 132 113 75

182 47 134 119 78

185 50 141 143 104

201 63 145 157 110

241 72 146 220 _d

^Spleen c e l l s  (IXIO®) t r a n s p la n te d  3 weeks a f t e r  donors g iven  
l a s t  immunizing egg dose . R e c ip ie n ts  i r r a d i a t e d  (950R) 1 day b e fo re  
c e l l s  im p lan ted , and ch a l len g ed  w ith  4 ,800  H. nana eggs 20 days a f t e r  
c e l l s  im p lan ted . Each e n t ry  i s  th e  number o f  c y s t i c e r c o id s  in  a s in g le  
mouse 90-92 hours a f t e r  c h a l le n g e .  D if fe re n c e s  between groups a t  5% 
p r o b a b i l i t y  l e v e l :  ( l )  v e rsu s  (2) o r  ( s )  and (2) v e rsu s  ( s ) ,  (4) or (b)
s i g n i f i c a n t ;  ( l )  v e rsu s  ( s )  o r  (4 ) no t  s i g n i f i c a n t .

^Egg doses given t o  sp leen  c e l l  donors: ( l )  none; (2 ) 6 ,000
o r a l ,  3 weeks l a t e r  11,500 o r a l ;  (3) 6 ,000  IP , 3 weeks l a t e r ,  11,500 IP;
(4 ) 6 ,000  o r a l  and 6,000 IP, 3 weeks l a t e r  11,500 o ra l  and 11,500 IP;
(5 ) 6 ,000 IV, 3 weeks l a t e r ,  11,500 IV.

^Median

^Mouse d ie d  b e fo r e  th e  end o f  th e  ex p er im en t.
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i n t r a p e r i t o n e a l  i n j e c t i o n  of eggs was given im mediately a f t e r  each of 

two o ra l  egg doses.

R esu l ts  p re s e n te d  in  Table 6 show c y s t i c e r c o id  counts a f t e r  egg 

cha l lenge  in  two groups of non-immunized mice, one of which was i r r a d i ­

a ted  (95OR) and g iven  normal sp leen  c e l l s  one day l a t e r .  There was no 

s i g n i f i c a n t  d i f f e r e n c e  between th e  two groups in in f e c t io n  r a t e s .  Thus, 

e i t h e r  950R x - r a d ia t io n  had no e f f e c t  on the  n a tu ra l  immunity o r ,  i f  

th e re  was some lo s s  o f  n a tu r a l  immunity, i t  was reg a in ed  by th e  time of 

th e  egg cha l lenge  20 days a f t e r  sp leen  c e l l  im p la n ta t io n .

The e f f e c t  of p r e - i r r a d i a t i o n  of th e  c e l l  r e c i p i e n t  on t r a n s f e r  

of immunity w ith  sp le e n  c e l l s  i s  shown in  Table 7 .  Fewer c y s t i c e r c o id s  

developed a f t e r  ch a l len g e  in th e  i r r a d i a t e d  r e c i p i e n t s  than  in  n o n - i r r a ­

d ia te d  mice. Thus i t  appears t h a t  p r e - i r r a d i a t i o n  of c e l l  r e c i p i e n t s  

promotes t r a n s f e r  o f  immunity to  H. nana .

The next experim ent was c a r r i e d  out to  determ ine w hether a n t i ­

gen ic  m a te r ia l  in  s u f f i c i e n t  q u a n t i ty  to  a c t i v e l y  immunize n o n - i r r a d ia te d  

r e c i p i e n t s  i s  t r a n s f e r r e d  w ith  th e  usual number o f  sp leen  c e l l s  used in 

th e  adop tive  immunity experim en ts .  S ince the  immunized sp leen  c e l l  do­

nors  were CgBF^ mice and th e  c e l l  r e c i p i e n t s  were CD̂  m ice, i t  i s  to  be 

expected t h a t  the  donor c e l l s  would be r e j e c t e d  by a homograft r e a c t io n  

(Boyd, 1966; Smith and Congdon, I9 6 0 ) ,  and adoptive  t r a n s f e r  of immunity 

would be p rec luded .  The r e s u l t s  (Table 8, groups 3 and 4) show t h a t  the

non-immunized CD, mice d id  no t become immunized a f t e r  in j e c t i o n  w ith   ̂ ... /
sp leen  c e l l s  from immunized C^BF^ donors . This in d i c a te s  t h a t  i f  th e re  

was any an t ig en  c a r r i e d  over in  th e  c e l l  t r a n s f e r ,  the  amount was not 

s u f f i c i e n t  to  immunize the  CD̂  r e c i p i e n t s .
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TABLE 6

CYSTICERCOID COUNTS AFTER EGG CHALLENGE IN NORMAL NON-IRRADIATED 
CONTROLS AND IN X-IRRADIATED MICE IMPLANTED WITH 

NORMAL SPLEEN CELLS^

X - i r r a d ia te d  
N o n - i r ra d ia te d  +

spleen c e l l s

0
— >

55 91

115 95

122 102

139 132

139 132

141 135
------ >

164 159

169 182

181 185

187 201

205 241

®Each e n t ry  i s  th e  number of c y s t ic e rc o id s  in a s in g le  mouse 
90-92 hours  a f t e r  ch a l le n g e  w ith  4 ,800 H. nana eggs. D if fe re n c e  between 
groups a t  5^ p r o b a b i l i t y  le v e l  was no t s i g n i f i c a n t .

% ic e  i r r a d i a t e d  (95QR) and implanted w ith  syngeneic  sp leen  
c e l l s  ( 1X108) from non-immunized donors 1 day l a t e r .  Egg ch a l le n g e  given 
20 days a f t e r  c e l l  im p la n ta t io n .

^Median
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TABLE 7

CYSTICERCOID COUNTS AFTER EGG CHALLENGE IN X-IRRADIATED AND 
NON-IRRADIATED MICE IMPLANTED WITH SPLEEN CELLS 

FROM IMMUNIZED DONORS®

Challenge
Treatment o f  c e l l  r e c i p ie n t s ^

c o n t ro l s X - i r r a d ia te d N o n - ir ra d ia te d
(1) (2) (3)

135 68 103

146 71 148

147 84 160

155 104 183

7  212 ' > 108 ... "7 185

221 119 188

232 127 192

289 152 216

318 160 251

^Each e n t ry  i s  th e  number o f  c y s t i c e r c o id s  in  a s in g le  mouse 
90-92 hours a f t e r  cha llenge  w ith 5,250 H. nana eggs. D if fe ren ce s  between 
groups a t  5% p r o b a b i l i t y  l e v e l ;  ( l )  versus  (2) and (2) versus  (s )  s i g n i ­
f i c a n t ;  (S) v e rs u s  ( l )  n o t  s i g n i f i c a n t .

^ R ec ip ien ts  re c e iv e d  sp leen  c e l l s  (IXIO®) from donor mice which 
had been given two o ra l  immunizing egg d o ses :  5 ,000 and 3 weeks l a t e r
12,000. (2) i r r a d i a t e d  (950R) 1 day befo re  c e l l  im p lan ta t io n .

^Median
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TABLE 8

CYSTICERCOID COUNTS AFTER EGG CHALLENGE IN CD̂  MICE IMPLANTED
WITH SPLEEN CELLS FROM IMMUNIZED C3BF1 DONORS®

Challenge c o n t ro l s Type o f  sp leen  
c e l l s  im planted

Non-immunized
( 1 )

Immunized^
( 2 )

Non-immunized^
(3)

Immunized^
(4)

73 0 90 85

90 0 103 111

102 0 121 113

105 0 ------ > 124 115

e 129 0 150 ------->  132
----->

134 0 167 143

139 0 199 158

156 0 171

172 0 - 190

212 1 - -

®Each e n t ry  i s  th e  number o f  c y s t i c e r c o id s  in  a s in g le  CD̂  
mouse 90-92 hours a f t e r  c h a l le n g e  w ith  4 ,950 H. nana eggs. All fou r 
groups challenged  a t  the  same t im e ,  3 weeks a f t e r  sp leen  c e l l  im p lan ta ­
t i o n  from CgBF2 donors.

^Immunized ch a l len g e  c o n t r o l s  given 5 ,000  eggs o r a l l y  3 weeks 
b efo re  egg cha l lenge .

^Non-immunized CD  ̂ r e c i p i e n t s  im planted w ith  IXIO® sp leen  c e l l s  
from non-immunized C3BF2 donors .

^Non-immunized CD  ̂ r e c i p i e n t s  im planted w ith  IXIO® sp leen  c e l l s  
from immunized C3BF2 donors .  The C3BF1 c e l l  donors immunized by o r a l  ad­
m i n i s t r a t i o n  o f  5,100 eggs and 2 weeks l a t e r  9 ,500  eggs.

®Median

% ouse d ie d  b e fo r e  th e  end o f  th e  ex p er im en t.
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The r e s u l t s  of p re v io u s  experim ents (T ab les  4 and 5) suggested  

t h a t  i n t r a p e r i t o n e a l  a d m in is t r a t io n  of eggs made th e  sp le e n  c e l l s  immuno­

l o g i c a l  ly  unresponsive  to  H. n ana . The purpose o f  th e  n e x t  experim ent 

(Table  9) was to  le a rn  i f  t h i s  immunologic u n re sp o n s iv en ess  was m a in ta ined  

when th e  sp leen  c e l l s  from donors in je c te d  w ith  eggs i n t r a p e r i t o n e a l l y  

were t r a n s p la n te d  in to  i r r a d i a t e d  r e c i p i e n t s .  Mice were g iven  two i n t r a ­

p e r i t o n e a l  in j e c t i o n s  of H. nana eggs and th r e e  weeks a f t e r  th e  second 

i n j e c t i o n  t h e i r  sp leen  c e l l s  were t r a n s p la n te d  t o  non-immunized i r r a d i ­

a te d  r e c i p i e n t s .  The sp leen  c e l l  r e c i p i e n t s ,  which were g iven  an immu­

n iz in g  o r a l  egg dose one day a f t e r  c e l l  im p la n ta t io n ,  co m ple te ly  r e s i s t e d  

th e  egg ch a l le n g e  given 19 days a f t e r  immunization. The r e s u l t s  in d i c a te  

t h a t  induced u n respons iveness  to  H. nana was broken e i t h e r  in  th e  donors 

b e fo re  th e  c e l l s  were t r a n s p la n te d  o r  in th e  r e c i p i e n t s  w i th in  24 hours 

a f t e r  t r a n s p l a n t a t i o n .

The purpose of th e  nex t experiment was to  i n v e s t i g a t e  th e  p e r ­

s i s t a n c e  of p r e - i r r a d i a t i o n  acq u ired  immunity to  H. nana in  l e t h a l l y  i r ­

r a d i a t e d  mice r e s to r e d  w ith  sp leen  c e l l s  from donors g iven  two i n t r a p e r i ­

to n e a l  i n j e c t i o n s  of eggs and in  s im i la r ly  immunized and i r r a d i a t e d  r e ­

c i p i e n t s  g iven  normal sp leen  c e l l s .  The r e s u l t s  a re  shown in  Table 10. 

Both groups o f  animals were com plete ly  r e s i s t a n t  to  th e  ch a l le n g e  in f e c ­

t i o n  given  20 days a f t e r  th e  c e l l  im p la n ta t io n .

The l a s t  phase of th e  r e se a rc h  was des igned  to  i n v e s t i g a t e  th e  

p o s s i b i l i t y  o f  t r a n s f e r  of immunity to  H. nana w ith  sp le e n  c e l l  f r a c t i o n s  

from immunized donors . Table 11 shows r e s u l t s  o b ta in ed  w ith  mice given 

normal sp leen  c e l l s  one day a f t e r  950R x - i r r a d i a t i o n  and th e  n e x t  day 

in j e c t e d  w ith  e i t h e r  sp leen  homogenate or microsome f r a c t i o n  from immu:-
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TABLE 9

CYSTICERCOID COUNTS AFTER EGG CHALLENGE IN X-IRRADIATED MICE 
IMPLANTED WITH SPLEEN CELLS FROM INTRAPERITONEALLY 

IMMUNIZED DONORS AND ONE DAY LATER GIVEN 
AN ORAL EGG DOSE a

Treatment of sp leen  c e l l  donors 
Challenge ______________ ____________________
c o n t ro l s  IP eggs^ None

( l )  (2) (3)

80 0 0

90 0 0

109 0 0

114 0 0

158 0 0

176 0 0

217 0 0

247 0 0

248 0 0

366 0 _c

^Spleen c e l l s  (IXIO®) t ra n s p la n te d  3 weeks a f t e r  donors given 
second immunizing egg dose . R ec ip ien ts  i r r a d i a t e d  (950R) 1 day b e fo re  
c e l l s  im planted  and g iven  an immunizing o ra l  egg dose of 5 ,000  one day 
a f t e r  c e l l  im p la n ta t io n .  Egg cha llenge  given 20 days a f t e r  c e l l s  im­
p la n te d .  Each e n t ry  i s  th e  number of c y s t i c e r c o id s  in  a s in g le  mouse 
90-92 hours a f t e r  ch a l len g e  w ith  5,260 H. nana eggs.

^Donors g iven  two o ra l  immunizing egg doses: 5 ,100  i n i t i a l l y
and 3 weeks l a t e r  9 ,500.

^Mouse d ie d  a f t e r  s p le e n  c e l l  i n j e c t io n .
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.TABLE 10 :

CYSTICERCOID COUNTS ÀFTEÜ EGG CHALLENGE IN PREIMMUNIZED-IRRADIATED 
MICE IMPLANTED WITH SPLEEN CELLS FROM INTRAPERITONEALLY 

IMMUNIZED DONORS OR FROM NON-IMMUNIZED DONORS®

C hallenge
c o n t ro l s

(1)

Treatment o f  sp leen  c e l l  donors

IP eggs^ None 
(2) (3)

145 0 0

149 0 0

172 0 0

224 0 0

239 0 0

255 0 0

285 0 0

296 0 0

307 0 0

358 0

^ R e c ip ie n ts  immunized w ith  5 ,000  H. nana eggs o r a l l y  3 weeks be­
fo re  i r r a d i a t i o n  (950R). Spleen c e l l s  (IXIO®) t ra n sp la n te d  1 day a f t e r  
i r r a d i a t i o n .  Each e n t ry  i s  th e  number o f  c y s t i c e r c o id s  in a s in g le  mouse 
90-92 hours a f t e r  cha llenge  w ith  5,260 eggs 3 weeks a f t e r  i r r a d i a t i o n .

^Donors g iven  two IP immunizing egg doses : 5,300 i n i t i a l l y  and
3 weeks l a t e r  5 ,000 .

^Mouse d ie d  a f t e r  sp le e n  c e l l  i n j e c t i o n .
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TABLE 11

CYSTICERCOID COUNTS AFTER EGG CHALLENGE IN X-IRRADIATED MICE
INJECTED WITH NORMAL SPLEEN CELLS AND THEN WITH SPLEEN

CELL FRACTIONS FROM IMMUNIZED DONORS^

Challenge
c o n t ro l s

( 1 )

950R + 
1X108 whole 
c e l l s  from 

immunized 
donors 

( 2 )

950R + normal sp leen  c e l l s  + c e l l  
f r a c t io n  from immunized donors^

Homogenate ( I P ) 
1 sp leen  

e q u iv a le n t  
(3)

Microsome (IP ) 
2 spleen 

e q u iv a le n t  
(4)

Microsome (IV) 
2 spleen 

eq u iv a len t  
(5)

119 64 11 69 0

135 77 34 87 98

140 90 35 -----> 128 -----> 135

154 95 35 140 142

_ 160 101 -----> 42 153 166
y

167 115 108 _d
-

180 126 144 - -

226 149 160 -

263 158 182 -

274 187 —

®Sj3leen  c e l l s  (iXlO^) t r a n s p la n te d  3 weeks a f t e r  donor given 
l a s t  immunizing egg d o se .  R e c ip ie n t  i r r a d i a t e d  (950R) 1 day before  IXlO® 
normal sp leen  c e l l s  im planted  and challenged  w ith  5 ,660 H, nana eggs 20 
days a f t e r  c e l l s  im plan ted . D if fe ren ce s  between groups a t  5% p r o b a b i l i t y  
l e v e l :  ( l )  v e rsu s  ( 2 ) ,  (3) or (4) s i g n i f i c a n t ;  ( l )  v e rsu s  (5) n o t  s i g n i ­
f i c a n t .

^Donors given two o ra l  immunizing egg doses: 5 ,230 i n i t i a l l y
and 3 weeks l a t e r  11 ,800.

^Median

^Mouse d ie d  2 d ays a f t e r  c e l l  f r a c t io n  in j e c t e d .
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n ized  donors .  C y s t ic e rc o id  counts  a f t e r  egg ch a l len g e  in d ic a te d  t h a t  a 

s i g n i f i c a n t  le v e l  of immunity was induced in  the  non-immunized r e c i p i e n t s  

by bo th  th e  homogenate (group 3) and the  i n t r a p e r i t o n e a l l y  adm in is te red  

microsome f r a c t io n  (group 4 ) .  The median c y s t i c e r c o i d  count in  the  mice 

t h a t  r e c e iv e d  the  in t ra v e n o u s ly  i n j e c t e d  microsomes (group 5) was lower 

than  t h a t  in  the  ch a l len g e  c o n t ro l s  but th e  d i f f e r e n c e  in  number of p a r a ­

s i t e s  between the  two groups was n o t  s i g n i f i c a n t  a t  t h e  0 .05  p r o b a b i l i t y  

l e v e l .  For unknown re a so n s ,  th e  microsomal in j e c t i o n  k i l l e d  some of th e  

r e c i p i e n t s .

The r e s u l t s  of c y s t i c e r c o id  counts in  mice t r e a t e d  the  same way 

w ith  r e s p e c t  to  i r r a d i a t i o n  and p o s t - i r r a d i a t i o n  sp leen  c e l l  im p lan ta t io n  

as th o se  in  th e  p rev io u s  experim ent are  p re se n te d  in  Table 12. The a n i ­

mals were f u r t h e r  given two i n j e c t i o n s  o f  microsomes from immunized or 

from non-immunized donors .  The q u a n t i ty  of microsomes in  each of the  

two i n j e c t i o n s  was l e s s  than th e  amount g iven  in  a s in g le  i n j e c t i o n  in 

th e  p rev io u s  experiment (Table 1 1 ) .  This was done in  o rder to  avoid  th e  

l e t h a l  s id e  e f f e c t  noted p r e v io u s ly .  Due t o  u n a v a i l a b i l i t y  of normal 

mouse serum, serum from p rev ious  in f e c te d  mice was used in  the  process  

of homogenization of sp leen  c e l l s  in  th e  second microsome t r a n s f e r .  The 

same serum was used t o  p repare  microsomes from immunized and non-immunized 

donors .  I t  i s  f e l t  t h a t  an i n s i g n i f i c a n t  amount of th e  serum was p r e s e n t  

in  th e  microsome r e c i p i e n t s  a t  th e  time of egg ch a l len g e  because: ( l )  a

t o t a l  of 0 .5  ml o f  serum was used t o  p rep a re  microsomes fo r  10 mice, (2 )  

th e  microsomes were i s o la t e d  by c e n t r i f u g a t io n  and th e  su p e rn a ta n t  was 

d is c a rd e d ,  (3) more than  99.9% of any serum t h a t  was in je c te d  would be 

l o s t  in  20 days by b io lo g ic a l  breakdown (Dixon e t  , 1952b), and (4 )
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TABLE 12

CYSTICERCOID COUNTS AFTER EGG CHALLENGE IN X-IRRADIATED MICE INJECTED
WITH NORMAL SPLEEN CELLS AND THEN WITH SPLEEN MICROSOMES FROM

SENSITIZED OR NORMAL DONORS^

950R + normal sp leen
c e l l s + microsomes

Challenge S e n s i t i z e d N o n -se n s i t iz e d
c o n t ro l s microsomes^ microsomes^

(1) (2 ) (3)

57 63 97

123 92 134

135 95 140

155 109 160

158 113 169

178 115 172

187 133 182

199 134 184

227 136 189

271 149 289

^Spleen c e l l s  (IXIO ) t r a n s p l a n te d  3 weeks a f t e r  donors g iven  
l a s t  immunizing egg dose .  R e c ip ie n ts  i r r a d i a t e d  (950R) 1 day b efo re  
c e l l s  im plan ted  and challenged  w ith  5 ,000 H. nana eggs 20 days a f t e r  
c e l l s  im p lan ted .  D if fe ren ce s  between groups a t  b% p r o b a b i l i t y  l e v e l :
(1) v e r s u s  (2) and (2) versus  (3) s i g n i f i c a n t ;  ( l )  ve rsu s  (3) h o t  s i g n i f ­
i c a n t .

^Donors g iven  two o ra l  immunizing egg doses : 5X10^ and IXIO^.
R e c ip ie n ts  i n j e c t e d  IP w ith 1 sp leen  e q u iv a le n t  of microsomes 1 day a f t e r  
sp leen  c e l l s  im planted and 1 week l a t e r  w ith  1 .5  sp leen  e q u iv a le n ts  o f  
microsomes.

^Same q u a n t i ty  of microsomes and i n j e c t i o n  schedule  as group
(2 ) bu t donors were non-immunized.

'^Median
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from 2 .6  ml to  4 ml o f  immune serum i s  req u ire d  t o  p a s s iv e ly  immunize a 

moyse to  H. nana (H earin , 1 9 4 l ) .  The r e s u l t s  in d ic a te  t h a t  a s i g n i f i c a n t  

l e v e l  o f  immunity was induced in  th e  non-immunized x - i r r a d i a t e d  r e c i p i ­

e n ts  by i n j e c t io n  of microsomes from th e  immunized donors (group 2) but 

no s i g n i f i c a n t  immunity was induced by the  normal microsomes (group S ).

Induction  of immunity by i n j e c t i n g  microsomes from immunized or 

non-immunized donors was s tu d ie d  in  i r r a d i a t e d  mice t r e a t e d  w ith  normal 

sp leen  c e l l s  and in  n o n - i r r a d i a te d  mice (Table 13 ) .  Immunity was induced 

in  th e  mice given s e n s i t i z e d  microsomes, as in d ic a te d  by comparison with 

c h a l le n g e  c o n t ro l s ,  r e g a r d l e s s  of whether th e  r e c i p i e n t s  were i r r a d i a t e d  

o r  n o n - i r r a d ia te d  (groups 2 and 4 ) ,  No s i g n i f i c a n t  immunity was induced 

in  mice given n o n - s e n s i t i z e d  microsomes (groups 3 and 5 ) .

An a ttem pt was made t o  t r a n s f e r  immunity to  i r r a d i a t e d ,  marrow- 

t r e a t e d  mice w ith  sp leen  homogenate o r  RNA. The r e c i p i e n t s  were exposed 

to  950R x - r a d ia t io n  and th e  n e x t  day they  were in j e c te d  w ith  normal syn- 

gen ic  marrow. They were f u r t h e r  in j e c te d  w ith e i t h e r  sp leen  homogenate 

o r  RNA from immunized dono rs .  The r e s u l t s  a re  shown in Table 14. Based 

on comparison w ith  ch a l len g e  c o n t ro l s  (group l ) ,  no s i g n i f i c a n t  immunity 

was t r a n s f e r r e d  in  e i t h e r  o f  th e se  tw o.groups (groups 3 and 4 ) .  As in  

p re v io u s  experim ents , good immunity was t r a n s f e r r e d  to  th e  x - i r r a d i a t e d  

r e c i p i e n t s  im planted w ith  sp le e n  c e l l s  from immunized donors (group 2 ) .  

F ive  of n ine  mice in  group 2 d ied  s h o r t l y  a f t e r  th e  i n j e c t i o n  o f  the

sp leen  c e l l s .  The reason  i s  unknown, bu t embolism i s  though t t o  be the
i

cause .  This i s  known to  occur i f  an e x ce ss iv e  number of in ju r e d  c e l l s  

a re  i n j e c te d  in t r a v e n o u s ly .



38

TABLE 13

CYSTICERCOID COUNTS AFTER EGG CHALLENGE IN NORMAL MICE AND IN IRRADIATED
MICE IMPLANTED WITH NORMAL SPLEEN CELLS AS AFFECTED BY INJECTION

OF SENSITIZED OR NON-SENSITIZED MICROSOMES^

950R + 1X108 sp leen  
c e l l s  + microsomes

Microsomes only
C hallenge  S e n s i t i z e d  N o n -se n s i t iz e d  —  
c o n t r o l s  microsomes microsomes S e n s i t i z e d  N on-sens i tized

(1) (2) (3) (4) (5)

85 77 62 59 52

94 83 82 71 100

118 112 87 84 111

155 114 116 92 136

b . l8 2  -— > 116 -----> 130 104 142

237 119 133 136 145

241 136 141 147 156

244 142 248 156 164

260 154 257 158 190

270 _c - 230 193

®Each e n t ry  i s  th e  number of c y s t i c e r c o id s  in a s in g le  mouse 
90-92 hours a f t e r  ch a l le n g e  w ith  5 ,100  H. nana eggs. Challenge given 
2 weeks a f t e r  th e  second microsome i n j e c t i o n .  I r r a d ia te d  r e c i p i e n t s  
(g roups 2 and 3) exposed to  950R and 1 day l a t e r  im planted w ith IX108 
n o n - s e n s i t i z e d  sp leen  c e l l s .  Microsome donors fo r  groups 2 and 4 given 
2 o r a l  immunizing egg doses : 5X10^ and 3 weeks l a t e r  1X10“̂ . All m icro-
some r e c i p i e n t s  in j e c te d  IP w ith  2 .25  sp leen  e q u iv a le n ts  of microsomes 1 
day a f t e r  sp leen  c e l l s  im planted and 1 week l a t e r  w ith  3 sp leen  equ iva­
l e n t s  o f  microsomes. D if fe re n c e s  between groups a t  5^ p r o b a b i l i t y  l e v e l :
( 1 ) v e rsu s  (2) o r  (4 ) s i g n i f i c a n t ;  ( l )  versus  (3) o r  (5 ) no t s i g n i f i c a n t ;
(2 ) v e rsu s  (3) and (4 ) v e rsu s  ( 5 ) no t  s i g n i f i c a n t .

^Median

‘'Mouse d ie d  b e fo r e  th e  end o f  th e  ex p er im en t.
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TABLE 14

CYSTICERCOID COUNTS AFTER EGG CHALLENGE IN X-IRRADIATED MICE
INJECTED WITH MARROW CELLS AND WITH SPLEEN HOMOGENATE

OR RNA FROM IMMUNIZED DONORS^

950R + marrow + sp leen  c e l l
f r a c t i o n  from immune donors^

950R +
Homogenate ( l  RNA (2  sp leenC hallenge s e n s i t i z e d

c o n t ro l s sp leen  c e l l s sp leen  e q u iv a le n t )  e q u iv a le n ts )
(1) (2) (3) (4)

95 39 88 83

101 63 120 143

111 82 141 145

196 89 142 156
----->

— > 208 _d -----> 144 161

228 - 185 , J 8 7

239 - 193 215

250 - 223 246

''94 - 341 -

®Cell r e c i p i e n t s  i r r a d i a t e d  (950R) and 1 day l a t e r  im planted 
with  1X10^ spleen c e l l s  (group 2) o r  4X10? marrow c e l l s  (groups 3 and 4 ) .  
Mice in  groups (s)  and (4) were f u r t h e r  i n j e c te d  w ith sp leen  c e l l  homp- 
genate  o r  RNA from immunized donors 1 day a f t e r  c e l l s  im plan ted . All 
mice were cha llenged  19 days a f t e r  i n j e c t i o n  of th e  c e l l  f r a c t i o n .  Each 
e n t ry  i s  th e  number o f  c y s t i c e r c o id s  in  a s in g le  mouse 90-92 hours a f t e r  
cha llenged  w ith  5,034 H. nana eggs. D if fe re n c e s  between groups a t  5% 
p r o b a b i l i t y  leve ls  ( i T  versus  (2) s i g n i f i c a n t ;  ( l )  ve rsu s  (3 )  or (4 ) n o t  
s i g n i f i c a n t .

^Spleen donors were immunized by two o ra l  egg doses: 6 ,000 i n ­
i t i a l l y  and 3 weeks l a t e r  13,600.

^Median

^Mouse d ie d  b e fo r e  th e  end o f  th e  ex p er im en t.



CHAPTER IV 

DISCUSSION

The r e s u l t s  o f  th e  experim ent on th e  e f f e c t  o f  the  ro u te  of egg 

a d m in is t r a t io n  on immunization (Tables 1, 2 and 3) in d ic a te  t h a t  th e  o r a l ,  

i n t r a p e r i t o n e a l ,  in t ra v e n o u s ,  and com binations of th e  o ra l  and i n t r a p e r i ­

to n e a l  ro u te s  a re  a l l  e f f e c t i v e  in  inducing r e s i s t a n c e  to  o r a l  egg c h a l ­

len g e .  In c o n t r a s t ,  d i s t i n c t  d i f f e r e n c e s  were observed between th e  i n ­

t r a p e r i t o n e a l  r o u te  and e i t h e r  th e  o ra l  o r  in trav en o u s  ro u te s  when adop­

t i v e  t r a n s f e r  of immunity w ith  sp leen  c e l l s  and o r a l  egg ch a l len g e  of the  

c e l l  r e c i p i e n t s  was the  t e s t  system (Tables 4 and 5 ) .  An e f f e c t i v e  le v e l  

of adop tive  immunity was no ted  when the  sp leen  c e l l  donors were immunized 

by two o r a l  egg doses or by two in trav en o u s  egg d o ses ,  but r e l a t i v e l y  

l i t t l e  o r  no immunity could  be t r a n s f e r r e d  when an i n t r a p e r i t o n e a l  egg 

dose im mediately fo llow ed each of th e  two egg doses or when th e  donors 

were g iven  two egg doses by i n t r a p e r i t o n e a l  i n j e c t i o n  a lone.

These r e s u l t s  su g g es t  t h a t  the  a d m in is t r a t io n  of H. nana eggs 

by th e  i n t r a p e r i t o n e a l  r o u te  induced s e l e c t i v e  t i s s u e  immunologic u n re ­

sponsiveness  and re sp o n s iv en ess  in  th e  same mice, i . e . ,  the  immunologi- 

c a l l y  competent c e l l  p o p u la t io n  o f  th e  sp leen  was made unresponsive  t o  

H. nana a n t ig e n ,  whereas th e  competent c e l l s  of o th e r  lymphoid t i s s u e  

(p ro b ab ly  in  th e  re g io n  of th e  small i n t e s t i n e )  were s e n s i t i z e d .

40
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According to  a c u r r e n t  concept (D resse r  and M itch ison , 1968; 

M i l l e r ,  1968), f o r  immunization to  o ccu r ,  th e  an t ig en  must be p rocessed  

by macrophage o r  d e n d r i t i c  re t ic u lu m  c e l l s  b e fo re  i t  en co u n te rs  immuno­

competent c e l l s .  Immunologic u n respons iveness  ( to le r a n c e )  i s  induced i f  

the  a n t ig en  rea c h e s  the  immuhocpmpeteht c e l l s  b e fo re  i t  i s  p r o c e s s e d . ' ;

I t  i s  n o t  known whether to l e r a n c e  r e s u l t s  from c e l l  l y s i s  and d e l e t io n  •• 

of th e  clone o f  c e l l s  capable  o f  respond ing  to  a p a r t i c u l a r  an t ig en  or 

by a m o d i f ic a t io n  o f  th e se  c e l l s  so t h a t  th e y  can not be s e n s i t i z e d .

An ex p la n a t io n  o f  the  dual re sp o n se  observed in  the  p re s e n t  

study , c o n s i s t e n t  w ith  th e  concept d e s c r ib e d  above, i s  t h a t  s u f f i c i e n t  

an t ig en  (from th e  l a rv a l  s tage  of th e  p a r a s i t e )  d e r iv ed  from eggs in ­

j e c te d  i n t r a p e r i t o n e a l l y  had d i r e c t  a cc ess  t o  immunocompetent c e l l s  of 

the sp leen  to  reduce t h e i r  number below th e  minimum re q u i re d  f o r  adop tive  

t r a n s f e r  of immunity and t h a t  com p ara tiv e ly  l i t t l e ,  or no an t ig en  der ived  

from i n t r a p e r i t o n e a l l y  i n j e c te d  eggs had d i r e c t  access  t o  th e  immunocom­

p e te n t  c e l l s  r e s p o n s ib le  f o r  r e s i s t a n c e  t o  o r a l  egg ch a l le n g e .  Presum­

ably , when eggs are  adm in is te red  by th e  o r a l  r o u te ,  s u f f i c i e n t  p rocessed  

an t ig en  r e a c t s  w ith  immunocompetent sp le e n  c e l l s  to  make p o s s ib le  a good 

: adoptive  t r a n s f e r  o f  immunity.

A h ig h e r  le v e l  o f  adop tive  immunity t o  H. nana was t r a n s f e r r e d  

to  x - i r r a d i a t e d  sp leen  c e l l  r e c i p i e n t s  than  to  n o n - i r r a d i a te d  c e l l  r e c i p ­

ie n t s  (Table 7 ) .  A s im i la r  o b se rv a t io n  was made by Makela and M itchison 

(l965) in t h e i r  s tudy  on adoptive  t r a n s f e r  of immunity t o  BSA in syngeneic  

mice. They no ted  t h a t  p r e - i r r a d i a t i o n  o f  th e  r e c i p i e n t s  of primed lymph- 

node c e l l s  or sp leen  c e l l s  r e s u l t e d  in  about a 1 0 -fo ld  in c re a s e  in  a n t i ­

body t i t e r .  Celada (1966) showed t h a t  th e  " b a r r i e r "  to  adop tive  t r a n s f e r
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o f  immunity which i s  observed in  mature syngeneic mice does no t  e x i s t  in 

newborn mice bu t develops g ra d u a l ly  as th e  animal m atu res .  I r r a d i a t i o n  

ab o l ish ed  t h i s  " b a r r i e r . "  O ther workers have a l so  re p o r te d  t h a t  th e  use 

o f  i r r a d i a t e d  r e c i p i e n t s  in c re a s e s  the  ex p ress io n  of immunologic p o te n ­

t i a l  in  ad o p tiv e  t r a n s f e r  experim ents  (Makinodan e t  a l . ,  1956; R oberts  . 

e t  a l .  ; 1957);;, th e  h à tù rë  o f  th e  . " b a r r i e r "  i s  ho t unders tood . The r e a ­

son why i r r a d i a t i o n  enhances adoptive  t r a n s f e r  of immunity i s  a l s o  n o t  

c l e a r ,  b u t  i t  i s  p o s s ib le  t h a t  : ( l )  th e re  i s  more space fo r  c e l l  repop­

u la t i o n  in  th e  r a d ia t io n - d e p le te d  t i s s u e ,  or (2 ) c e l l s  in ju r e d  by r a d i a ­

t i o n  r e l e a s e  f a c t o r s  t h a t  s t im u la te  fu n c t io n  an d /o r  m u l t i p l i c a t i o n  o f  

th e  t r a n s p l a n te d  c e l l s  (H a rr is  e t  al_., 1954; Johnson e t  a l . ,  1968).

The r e s u l t s  of th e  experiment in  which p r e - i r r a d i a t i o n  acqu ired  

immunity t o  H. nana p e r s i s t e d  a f t e r  l e t h a l  i r r a d i a t i o n  (950R) in  mice 

r e s to r e d  w ith  normal sp leen  c e l l s  (Table lO) ex tends th e  work of F r ied b erg  

e t  a l . ( 1970) .  The l a t t e r  au th o rs  showed t h a t  950R x - i r r a d i a t i o n  de ­

p re s se d  acq u ired  immunity to  H. nana and t h a t  t r a n s p l a n te d  syngeneic  mar­

row from donors m i t ig a te d  t h i s  effect,... The, mechanism i s  not unders tood  

b u t  i t  i s  p o s s ib le  that.: ( 1 ) in j e c te d  hem opoietic  c e l l s  p rovide  immuno-

l o g i b a l l y  cbmpeiteht c e l l s  e i t h e r  d i r e c t l y  or i n d i r e c t l y  v ia  stem c e l l s  

and p e r s i s t i n g  a n t ig e n  or an im munologically committed c e l l  f r a c t i o n  

( e . g . ,  antigen-RNA complex o r  in fo rm ation  RNA) de rived  from th e  i r r a d i ­

a te d  h o s t  c e l l s  r e a c t s  w ith  th e  t r a n s p la n te d  immunocompetent c e l l s ,  or

( 2 ) th e  t r a n s p la n te d  c e l l s  (from non-immunized donors) re p o p u la te  th e  

r a d ia t io n - d e p le te d  t i s s u e s  and r e s to r e  th e  normal c e l l  i n t e r a c t i o n  r e ­

qu ired  f o r  an immune response (F r ied b erg  e t  a l . ,  1970; Bosma e t  a l . .

1968).
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P r e - i r r a d i a t e d  r e c i p i e n t s  of sp leen  c e l l s  from donors given H. 

nana eggs i n t r a p e r i t o n e a l l y  were immunologically competent when t e s t e d  

24 hours a f t e r  th e  c e l l s  were im planted (Table 9 ) .  The t r a n s p la n te d  

sp leen  c e l l s  are  co n s id e red  re s p o n s ib le  f o r  th e  immune c a p a c i ty  because 

mice cannot be immunized to  H. nana two days a f t e r  950R, th e  r a d i a t i o n  

dose used in  t h i s  experim ent (p e rso n a l  communication from W. F r ie d b e rg ) .  

Thus, th e  r e s u l t s  of t h i s  experim ent in d ic a te  t h a t  th e  induced unrespon­

s iv e n e ss  t o  H. nana in  sp leen  c e l l s  in  mice given eggs i n t r a p e r i t o n e a l l y ,  

a s  d e sc r ib e d  p re v io u s ly  (Tables 4 and 5 ) ,  was te rm in a ted  e i t h e r  be fo re  

th e  c e l l s  were t r a n s p la n te d  o r  w ith in  24 hours a f t e r  t r a n s p l a n t a t i o n .  

Presumably t h i s  occurred  when new immunocompetent c e l l s  were p ropagated  

from stem c e l l s .

I t  was shown (T ab les  4 and 5) t h a t  sp leen  c e l l s  from mice given 

i n t r a p e r i t o n e a l  egg doses  could t r a n s f e r  only a v e ry  low l e v e l ,  i f  any, 

o f  immunity to  i r r a d i a t e d  r e c i p i e n t s .  From t h i s  o b s e rv a t io n ,  and th e  ob­

s e rv a t io n  (Table 9) t h a t  induced unresponsiveness  i s  broken in  sp leen  

c e l l s  by 24 hours a f t e r  t r a n s p l a n t a t i o n ,  one would expect t h a t  sp leen  

c e l l s  from donors given eggs i n t r a p e r i t o n e a l l y  would fu n c t io n  in  th e  same 

way as normal sp leen  c e l l s  in  promoting p e r s i s te n c e  of p r e - i r r a d i a t i o n  

immunity. This i s  in  agreement w ith  the  r e s u l t s  (Table lO ). Thus, th e  

immunity observed in  th e  pre-immunized i r r a d i a t e d  mice im planted  w ith  

sp leen  c e l l s  from donors given eggs i n t r a p e r i t o n e a l l y  was m ain ly ,  i f  not 

e n t i r e l y ,  due to  h o s t  c e l l s ,  or was d e r iv e d  from h o s t  c e l l s .

Mice in j e c te d  w ith  s p le e n - c e l l  homogenate o r  the  microsome f r a c ­

t i o n  from immunized donors r e s i s t e d  H. nana in f e c t io n  b e t t e r  than  u n t r e a t ­

ed mice ( c h a l le n g e  c o n t r o l s ) ,  whereas in f e c t io n  r a t e s  in  anim als  g iven
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microsomes from non-immunized donors were no t s i g n i f i c a n t l y  d i f f e r e n t  

from th o se  in  th e  ch a l len g e  c o n t ro ls  (T ab les  11, 12, and 13). Although 

these  r e s u l t s  sugges t t h a t  immunity to  H. nana can be t r a n s f e r r e d  w ith  

s p le e n - c e l l  f r a c t i o n s ,  th e  p o s s i b i l i t y  o f  n o n - s p e c i f i c  enhancement o f  r e ­

s i s ta n c e  to  H. nana has n o t  been excluded .

In two experim en ts ,  microsomes from non-immunized and immunized 

donors were compared. The r e s u l t s  of th e  f i r s t  s tudy  (Table 12) i n d i ­

cated t h a t  th e  s e n s i t i z e d  microsomes were more e f f e c t i v e  than n o n -se n s i-  

t i z e d  microsomes in  inducing  r e s i s t a n c e  to  H. nana . In th e  second e x p e r i ­

ment (Table 13), th e  d i f f e r e n c e  between n o n - s e n s i t i z e d  and s e n s i t i z e d  

microsomes was no t s i g n i f i c a n t ,  a lthough  th e  an im als  t h a t  rece ived  th e  

s e n s i t i z e d  microsomes had s i g n i f i c a n t l y  lower i n f e c t io n  r a t e s  than th e  

cha llenge  c o n t r o l s .  More d ec is iv e  r e s u l t s  might be ob ta ined  in  a f u tu r e  

s tudy by us ing  l a r g e r  numbers o f  mice and by a d m in is t r a t io n  of equal 

amounts o f  c e l l - f r a c t i o n s  as measured by p r o te in  n i t ro g e n  and /o r  RNA 

r a t h e r  than sp leen  e q u iv a le n ts ,  as in th e  p r e s e n t  s tudy .

The q u e s t io n  of whether th e  induced  r e s i s t a n c e  to  H. nana in  the  

mice t h a t  rece iv ed  c e l l  f r a c t io n s  was due t o  th e  p resence  of v ia b le  sen­

s i t i z e d  c e l l s  was re s o lv e d  in  a s e p a ra te  experim ent (Table 14). L e th a l ly  

i r r a d i a t e d  mice r e s to r e d  w ith im planted syngeneic  bone marrow were i n ­

j e c te d  w ith sp leen  homogenate from immunized d o n o rs .  The s ig n i f i c a n c e  of 

t h i s  t e s t  i s  t h a t  th e  x - i r r a d i a t i o n  suppressed  th e  immune c a p a c i ty  and 

the  im planted marrow saved the  mice from h em atopo ie tic  dea th  (DeVries and 

Vos, 1959; Smith and Congdon, I960) bu t d id  no t p rov ide  the  c e l l u l a r  e l e ­

ments n ecessary  f o r  an immune response (Claman e t  a l . , 1966a; 1966b;

Claman e t  a l . ,  1968). Immunity would be t r a n s f e r r e d  to  th e se  mice by
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i n j e c t e d  sp leen  homogenate on ly  i f  v i a b le ,  s e n s i t i z e d  c e l l s  were p re s e n t  

in  th e  homogenate in  s u f f i c i e n t  numbers. The homogenate was p rep a red  as 

d e sc r ib e d  (see  M a te r ia ls  and M ethods). The r e s u l t s  in d i c a te  t h a t  immu­

n i t y  was not t r a n s f e r r e d  to  th e  i r r a d i a t e d ,  m arrow -trea ted  mice w ith  the  

sp leen  homogenate. With i n t a c t  sp leen  c e l l s  from th e  same group o f  do­

n o rs ,  t r a n s f e r  of immunity was ach ieved .  I t  i s  concluded, t h e r e f o r e ,  

t h a t  few, i f  any, v ia b le  s e n s i t i z e d  c e l l s  were p re sen t  in  the  homogenate. 

For th e  microsomes, th e  i s o l a t i o n  p rocedure  i t s e l f ,  which invo lved  d i f ­

f e r e n t i a l  c e n t r i f u g a t io n ,  p re c lu d e s  th e  p resence  of whole c e l l s .  By in ­

f e re n c e ,  i n t a c t  c e l l s  a re  no t r e s p o n s ib le  f o r  th e  r e s i s t a n c e  to  H. nana 

induced by th e  in j e c t i o n  of s p l e e n - c e l l  homogenate or microsomes from 

immunized donors .

The mechanism by which r e s i s t a n c e  to  H. nana was induced in  mice 

in j e c te d  w ith  c e l l - f r e e  f r a c t i o n s  from immunized donors i s  no t unders tood , 

bu t s e v e ra l  p o s s i b i l i t i e s  a re  sugges ted  by s tu d ie s  on o th e r  system s. Re­

s u l t s  o f  experim ents by Askonas and Rhodes (1965) on t r a n s f e r  o f  immunity 

to  la b e led  hemocyanin and by Friedman (l965) on t r a n s f e r  o f  immunity

to  S h ig e l la  in d ic a te d  t h a t  t r a n s f e r  of immunity with c e l l  f r a c t i o n s  i n ­

volved an t ig e n  o r  an t ig e n  d e te rm in a n ts  complexed to  RNA. Johnson e t  a l .  

(l968) r e p o r te d  t h a t  syngeneic  and h e te ro lo g o u s  n u c le ic  ac id ,  o r  t h e i r  

breakdown p ro d u c ts ,  were n o n - s p e c i f i c  s t im u la to r s  of an tibody  s y n th e s i s .

A s p e c i f i c ,  in fo rm a tio n a l  r o l e  f o r  RNA in  th e  t r a n s f e r  of immunity was 

d e sc r ib e d  by Adler e t  a l .  ( l966 )  and B e ll  and Dray ( l9 6 9 ) .  Spleen c e l l s  

from non-immunized r a b b i t s  were induced to  make antibody by in c u b a t in g  

them w ith  RNA from immunized donors ,  and th e  antibody sy n th e s iz e d  pos­

sessed  a l l o t y p i c  s p e c i f i c i t y  c h a r a c t e r i s t i c  o f  the  RNA donor. Some sug­
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g e s te d  r o l e s  f o r  RNA in th e  t r a n s f e r  of immunity r e q u i r e  t h a t  i t  be in ­

c o rp o ra te d  in to  immunocytes. S tud ies  w ith  r a d io i s o to p e  la b e le d  RNA in d i ­

c a te  t h a t  RNA can be in c o rp o ra te d  in to  c e l l s  bo th  in  v i t r o  and i n  v ivo  

(Amos, 1961 ; Niu a i . , 1961; Schwarz and Rieke, 1962).

There a re  s e v e ra l  p o s s ib le  reaso n s  fo r  the  f a i l u r e  o f  t r a n s f e r  

of immunity w ith  th e  RNA f r a c t i o n  (Table 14 ):  ( i )  th e  immune c a p a c i ty  of 

th e  i r r a d i a t e d  m arro w -trea ted  r e c i p i e n t s  was inadequa te  (Gregory and 

L a j th a ,  1970), (2) the  RNA f r a c t io n  in j e c te d  d id  no t c a r r y  immunologic 

in fo rm a tio n  fo r  immunity t o  H. nana. o r  ( s )  th e  RNA f r a c t i o n  was i n a c t i ­

v a ted  during  p r e p a r a t io n .



CHAPTER V 

SUMMARY

T ra n s fe r  o f  immunity to  Hymenolepis nana was in v e s t ig a t e d  in 

l a b o ra to r y  mice. Donor mice were immunized by v a r io u s  r o u t e s .  Spleen 

c e l l s  o r  sp leen  c e l l  f r a c t i o n s  from immunized donors were i n j e c te d  in to  

normal syngeneic  r e c i p i e n t s  which were p r e - i r r a d i a t e d  (950R) or u n trea ted .  

A ll mice were ch a l len g e d  w ith  approxim ate ly  5 ,000  H. nana eggs o r a l l y  20 

days a f t e r  in j e c t i o n  o f  th e  c e l l s  o r  th e  c e l l  f r a c t i o n s .  The degree of 

immunity induced in  th e  r e c i p i e n t  animals was determ ined  by comparison 

of i n f e c t i o n  r a t e s  in  th e s e  mice w ith  those  in  c o n t r o l s .

Mice could be immunized to  H. nana by a d m in is t r a t io n  o f  eggs via 

th e  i n t r a p e r i t o r i e a l ,  in t ra v e n o u s ,  or o ra l  r o u te ,  or by s e v e ra l  combina­

t i o n s  o f  o r a l  and i n t r a p e r i t o n e a l  egg doses .  The b e s t  ado p tiv e  t r a n s f e r  ' 

of immunity occurred  when sp leen  c e l l  donors were immunized by th e  o ra l  

r o u te ,  whereas l i t t l e  o r  no immunity could be t r a n s f e r r e d  when th e  donors 

were g iven  the  "immunizing" egg doses by th e  i n t r a p e r i t o n e a l  r o u te  only, 

or when an i n t r a p e r i t o n e a l  egg dose im mediately fo llow ed each o f  two o ra l 

egg d o se s .  These r e s u l t s  suggest t h a t  th e  a d m in is t r a t io n  o f  H. nana eggs 

by the  i n t r a p e r i t o n e a l  ro u te  induced s e l e c t iv e  t i s s u e  immunologic unre­

sponsiveness  and re sp o n s iv en ess  in  th e  same m ice, i . e . ,  th e  immunologi- 

c a l l y  competent c e l l  p o p u la t io n  o f  the  sp leen  was made u n respons ive  to

47



48

H. nana a n t ig e n ,  whereas th e  competent c e l l s  of o th e r  lymphoid t i s s u e  

(p robab ly  in  th e  reg ion  of the  small i n t e s t i n e )  were s e n s i t i z e d .

The e f f e c t  o f  p r e - i r r a d i a t i o n  of th e  r e c i p i e n t s  on adop tive  

t r a n s f e r  of immunity was s tu d ie d .  A h ig h e r  l e v e l  of adop tive  immunity 

to  H. nana was t r a n s f e r r e d  to  x - i r r a d i a t e d  s p le e n - c e l l  r e c i p i e n t s  than 

to  n o n - i r r a d i a te d  c e l l  r e c i p i e n t s .

In mice cha llenged  th r e e  weeks a f t e r  950R i r r a d i a t i o n  and sp leen  

c e l l  im p la n ta t io n ,  th e  s u s c e p t i b i l i t y  t o  H. nana in f e c t io n  was th e  same 

as in  normal mice. Thus, e i t h e r  950R x - r a d i a t i o n  had no e f f e c t  on th e  

n a tu ra l  immunity or i f  th e r e  was some lo s s  o f  n a tu ra l  immunity i t  was r e ­

gained  by th e  time o f th e  egg ch a l len g e  20 days a f t e r  sp leen  c e l l  implan­

t a t i o n .

Normal sp leen  c e l l s  and sp leen  c e l l s  from donors given i n t r a -  

p e r i t o n e a l l y  in je c te d  eggs were both e f f e c t i v e  in  th e  r e s t o r a t i o n  o f  im­

mune c a p a c i ty  in  o the rw ise  l e t h a l l y  i r r a d i a t e d  r e c i p i e n t s ,  and in  promot­

ing p e r s i s t e n c e  of p r e - i r r a d i a t i b h - a c q u i r e d  immunity.

The r e s u l t s  of an experim ent in  which sp leen  c e l l s  were t r a n s ­

f e r r e d  from immunized donors to  i r r a d i a t e d ,  a l lo g e n e ic  r e c i p i e n t s  i n d i ­

c a te  t h a t ,  i f  immunizing an t ig e n  was t r a n s f e r r e d  w ith  th e  sp leen  c e l l s  in 

the  ad o p t iv e  immunity experim en ts ,  the  amount was i n s u f f i c i e n t  to  a c t iv e l y  

immunize n o n - i r r a d ia te d  r e c i p i e n t s .

R es is ten ce  t o  H. nana was induced in  non-immunized mice by th e  

i n j e c t i o n  o f  s p le e n - c e l l  f r a c t i o n s  from immunized donors . Unlike adop­

t i v e  t r a n s f e r  of immunity w ith  i n t a c t  sp leen  c e l l s ,  i r r a d i a t i o n  o f  th e  

r e c i p i e n t s  and i n j e c t i o n  o f  normal spleen c e l l s  d id  no t enhance th e  i n ­

duced immunity.
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