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Abstract:
The validity of the heterologous (rat) passive cutaneous anaphylaxis (PCA) test to assess mouse IgE
responses was confirmed by comparing the 72 hr homologous PCA test with the 24 hr heterologous
PCA test, and by the diminution in titer when undiluted serum was heated at 56°C for 90 min. Earlier
work, showing that dilution of the serum prior to heating abrogated the effect of heating on the skin
sensitizing activity of IgE, was confirmed. Treatment with an anti-helminthic agent improved the
homologous, 72 hr PCA reactions in certain mice probably due to a decline In endogenous anti-worm
IgE levels as a result of the elimination of pinworms.- Neonatally initiated anti-μ treatment suppressed
subsequent IgE responses to Infection with N. brasiliensis showing that IgE forming cells are derived
from the same precursors I cell(s) as are IgM, IgG and IgA forming cells.

The induction and regulation of IgE responses in Balb/c mice were studied, using the 24 hr
heterologous PCA test. Immunization with one intraperitonea 1 (IP) injection of either 1 ù, 10 μg, 100
μg or 1000 μg doses of ovalbumin (OVA), each with 1 mg alum, Induced high PCA and passive
hemagglutination (PHA) antibody titers that persisted for at least 56 days. At 100 μg and 1000 μg
doses, a lag in the peak IgE response was seen. When B_. pertussis vaccine was used instead of alum, a
PHA antibody was Induced but IgE antibody could not be detected. Immunization by one IP injection
of DNPn c-OVA + I mg alum Induced a transient anti-DNP IgE response anda persistent anti-OVA IgE
response. In contrast, Immunization with DNPgif-OVA induced a persistent anti-DNP IgE response but
no ant I-OVA IgE could be detected. Immunization with multiple, IP injections of normal rabbit serum
and OVA, without adjuvant, Induced an IgE antibody response.

When mice, primed with one IP Injection of 10μg OVA + I mg alum, were given 3, intravenous
injections of 100 μg OVA on days 3, 5, and 7 their PCA antibody titers and the number of IgE forming
cells In the spleen declined to undetectable levels by day 16, whereas their PHA antibody titers did not
change. Secondary IgE responses were also suppressed by this treatment. The route of administration
of this treatment was shown to be an important factor In producing this effect. This suppression could
be transferred to normal animals by spleen cells from suppressed animals, suggesting that this
treatment Induced suppressor cells. 
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ABSTRACT

The v a l id i t y  o f th e  heterologous ( r a t )  passive cutaneous ana­
p h y lax is  (PCA) te s t  to  assess mouse IgE responses was confirmed by 
comparing th e  72 hr homologous PCA te s t  w ith  the 24 hr heterologous  
PCA te s t ,  and by the  d im inu tion  In  t i t e r  when u n d ilu ted  serum was 
heated a t  56eC for. 90 min. E a r l ie r  work, showing th a t d i lu t io n  of 
th e  serum p r io r  to  heatin g  abrogated the  e f fe c t  o f heatin g  on the  
sk in  s e n s it iz in g  a c t iv i t y  o f IgE, was confirm ed. Treatm ent w ith  
an a n t i-h e lm in th ic  agent improved the  homologous, 72 hr PCA reac­
tio n s  in  c e r ta in  mice probably due to  a d e c lin e  In  endogenous an­
ti-w orm  IgE le v e ls  as a re s u lt  o f th e  e lim in a tio n  o f pinworms,-

N eo n a ta lly  in i t ia t e d  an t I treatm ent suppressed subsequent 
IgE responses to  In fe c t io n  w ith  N. bras 11 lens is  showing th a t IgE 
form ing c e l ls  a re  d erived  from the  same precursors I c e l l ( s )  as are  
IgM, IgG and IgA form ing c e l ls .

The Induction  and re g u la tio n  o f IgE responses in  B a lb /c  mice 
were s tu d ie d , using the  24 hr heterologous PCA te s t .  Immunization 
w ith  one in tra p e r ito n e a  I ( IP )  in je c t io n  o f e ith e r  I fig , IO fig,
100 fig or 1000 fig doses o f ovalbumin (OVA), each w ith  I mg alum. 
Induced high PCA and passive hem agglutination (PHA) antibody t i ­
te rs  th a t p e rs is te d  fo r  a t  le a s t $6 days. A t 100 fig and 1000 fig 
doses, a lag in the  peak IgE response was seen. When Bi, pertu ssis  
vaccine was used Instead o f alum, a PHA antibody was Induced but 
IgE antibody could not be d e tected . Immunization by one IP in je c ­
t io n  o f DNPn c -OVA + I mg alum Induced a tra n s ie n t a n t i -DNP IgE 
response a n d a  p e rs is te n t anti-OVA IgE response. In  c o n tra s t,  
Immunization w ith  DNPg^-OVA induced a pars I s te n t .a n t i -DNP IgE re ­
sponse but no a n t I -OVA IgE could be d e tec ted . Immunization w ith  
m u lt ip le ,  IP in je c tio n s  o f normal ra b b it  serum and OVA, w ith o u t- , 
a d ju v a n t. Induced an IgE antibody response.

When m ice, primed w ith  one IP In je c t io n  o f 10 fig OVA + I mg 
alum , were given 3 ,  intravenous In je c tio n s  o f 100 fig OVA on days 
3 , 5 , and 7 th e ir  PCA antibody t i t e r s  and the number o f IgE forming  
c e l ls  in  the  spleen declined  to  undetectab le  le v e ls  by day 16, 
whereas th e ir  PHA antibody t i t e r s  d id  not change. Secondary IgE 
responses were a ls o  suppressed by th is  trea tm en t. The rou te  of 
a d m in is tra tio n  o f th is  treatm ent was shown to  be an im portant fa c ­
to r  in  producing th is  e f f e c t .  Th is  suppression could be tra n s fe rre d  
to  normal anim als by spleen c e l ls  from suppressed an im als , suggest­
ing th a t th is  treatm ent induced suppressor c e l ls .



INTRODUCTION

In humans, the ’ 'sk in  s e n s it iz in g  fa c to r"  present in the  serum 

o f hay fe v e r p a tie n ts  has been c le a r ly  id e n t if ie d  as belonging to  

a d is t in c t  Immunoglobulin c la s s , designated as IgE fo r  i ts  a b i l i t y  

to  bind p u r if ie d  ragweed an tig en  (an tig en  E) in rad io im m unoelectrc- 

phoresis ( I ) .  Other names fo r  th is  antibody include: re a g in , homo-

c y to tro p ic  a n tib o d y , and P-K an tib o d y .

IgE d i f fe r s  from other known Immunoglobulins in physicochem ical, 

a n tig e n ic  and b io lo g ic a l p ro p e rtie s . I t  contains 12% carbohydrate, 

has a sedim entation c o e f f ic ie n t  o f 8 . OS and a m olecular weight of 

approxim ately  190 ,000. I t  Is present In serum a t  much lower concen­

tra t io n s  than o th er immunoglobulins, w ith  an average concentra tion  

o f 0 .3  n g /m l. E levated serum lev e ls  a re  present in in d iv id u a ls  who 

a re  a to p ic  or in fe c ted  w ith  worms. Epsilon heavy chains have unique 

a n tig e n ic  determ inants and do not possess any o f the m ajor a n tig e n ic  

determ inants present in the  o th er fo u r known Immunoglobulin classes

( I ) .

The most d is t in c t iv e  p roperty  o f IgE is i ts  a b i l i t y  to  bind to  

mast c e l ls  fo r  up to  several weeks a t  le a s t ,  w ith  the re lease  of 

h istam ine and other pharm acologically  a c t iv e  substances from these  

c e l ls  upon in te ra c tio n  o f the c e l l  bound IgE w ith  an tig en  ( 1 , 2 ) .  

This  p roperty  is the  basis fo r  most o f the assays fo r  th is  antibody  

in anim als and* u n t i l  re c e n tly , In  humans. The e ffe c ts  o f h istam ine
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and o th er pharm acological Iy  a c t iv e  substances a re  the  cause o f the  

symptoms experienced by a l le r g ic  in d iv id u a ls . This c e l l  b inding  

a c t iv i t y  can be destroyed by heating  a t  56°C fo r  2 -4  hours ( I ,  2 ) .

The dog is the  only o ther species in which spontaneous a l l e r ­

g ic  symptoms s im ila r  to  those found in hay fever p a tie n ts  have been 

observed. A skin  s e n s it iz in g  fa c to r  s im ila r  to  human IgE has been 

detected  in  serum from these anim als ( 3 ) .  However, heat la b i le ,  

hom ocytotropic an tib o d ies  which remain bound to  sk in  mast c e l ls  fo r  

long periods o f tim e ( i . e . ,  72 hours) can be d e lib e ra te ly  induced 

in  many species and a re  considered the animal co u n terp art to  human 

IgE ( I ,  2 , 4 ) .  These an tib o d ies  have been detected in many other 

mammals inc lu d in g  monkeys, dogs, m ice, r a ts ,  ra b b its , c a t t l e ,  sheep 

pigs and guinea pigs ( 4 ) ,  and in a m arsu p ia l, the  quokka ( 5 ) .  The 

physicochemical p ro p e rties  o f these homocytotropic an tib o d ies  are  

s im ila r  to  human IgE ( I ,  2 , 4 ) and in some cases, c ro s s -re a c t im­

m unological Iy  w ith  anti-hum an IgE (6 , 7 ) .  .

The d e lib e ra te  induction  o f IgE (co n tras ted  w ith  the  "a to p ic "  

c o n d itio n ) req u ires  a s u ita b le  com bination o f A n tigen , dose o f an­

t ig e n , a d ju va n t, immunization schedule and species ( 4 ) .  I t  Is gen­

e r a l ly  agreed th a t fo r  most antigens some adjuvant is  requ ired  fo r  

IgE in d u c tio n . Adjuvants commonly used to  induce IgE responses are  

aluminum hydroxide gel (alum) and vaccines or so lu b le  e x tra c ts  o f



B o rd e te ila  p e rtu ss is  ( 4 ) .  B a c te r ia l I Spopolysaceharides (LPS) (4 ) 

and concanavaI in  A (con A) ( 8) have a ls o  been used, as w e ll as 

Freund9S complete a d ju v a n t, but the  la t t e r  is not considered a good . 

ad juvant fo r  IgE (4 )„  Experim ental observations on th e  various ad­

ju v a n t -sp ecies  in te ra c tio n s  suggest th a t the  mechanisms re g u la tin g  

IgE production  may d i f f e r  both fo r  species and fo r  ad juvant ( 4 ) .

One apparent exception  to  th is  requirem ent fo r  ad juvant is the  

in d u ctio n  o f a n t i-h e lm in th ic  IgE. Some in v e s tig a to rs  b e lie v e  th a t  

l iv e  worm in fe c t io n  may provide ad juvant a c tio n  because worm ex­

t r a c ts ,  by them selves, cannot induce th e  IgE response ( 4 ) .  Another 

p o ss ib le  exception  is  th e  Induction  o f IgE an tib o d ies  to  h e te ro lo ­

gous serum by immunization w ith  one in tra p e rito n e a  I ( IP )  in je c tio n  

o f heterologous serum in  th e  form o f an ti-lym p h o cyte  serum ( 9) .

Experim ental evidence has f ir m ly  es tab lish ed  th a t c o lla b o ra tio n  

between bone-marrow derived  (B) and thym us-derived (T ) lymphocytes 

is  req u ired  fo r  th e  induction  o f c e r ta in  antibody responses ( 10) .

The importance o f a th ir d  c e l l  ty p e , the  macrophage, has a ls o  been 

recognized (1 1 ) .  Several lin e s  o f evidence demonstrate th a t s im ila r  

c e l lu la r  events a re  a ls o  necessary fo r  IgE production as o u tlin e d  

below.

I )  Using h a p te n -c a rr ie r  systems, i t  has been shown th a t T c e l ls  a re  

primed w ith  c a r r ie r  and then ' in te ra c t  w ith  B c e l ls  to  form hapten- 

s p e c if ic  IgE in  both ad o p tive  tra n s fe r  experiments (1 2 -1 5 ) and hi
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v i t r o  experim ents ( 16) .  . . .

2) Rats thymectomlzed w ith in  24 hours o f b ir th  cannot produce IgE 

a n tib o d ies  (1 7 ) .

3) Lethal Iy  ir ra d ia te d  ra ts  re c o n s titu te d  w ith  thymus and bone mar­

row c e l ls  produce a low le v e l o f IgE whereas 'those re c e iv in g  bone 

marrow a lone do not (1 8 ) .

4 ) Congenital Iy  athym ic (nu/nu) mice cannot produce d e te c tab le  le v ­

e ls  o f IgE to  ovalbumin unless re c o n s titu te d  w ith  thymocytes (19) or 

thymus glands ( 20) .

Some in v e s tig a to rs  have suggested a heterogenous population  o f  

h e lp er T c e l ls ;  one s p e c if ic  fo r  IgE and one s p e c if ic  fo r  IgG (16) „ 

Others suggest one population  of h e lp er I  c e l ls  fo r  both Immunoglobu^ 

I in  classes w ith  a d i f f e r e n t ia l  s u s c e p t ib i l i ty  to  T c e l l  re g u la to ry  

in fluences  o f the re sp e c tive  classes o f antibody form ing B c e lls  

(2 1 ) .  More re c e n tly  a c r i t i c a l  ro le  fo r  adherent c e l ls  in the In ­

duction  o f h e lp er I  c e l ls  fo r  IgE production has been shown (2 2 ) .

Two d i f fe r e n t  p a tte rn s  o f IgE antibody production have been 

recognized . One is t ra n s ie n t ,  non-boostable and u s u a lly  the re s u lt  

o f Immunization w ith  a high dose o f a n tig e n . This p a tte rn  has been 

shown In  severa l species ( 4 ) .  The o ther is sustained fo r  r e la t iv e ly  

long periods o f tim e and boostab le . This p a tte rn  is  c h a ra c te r is t ic  

o f IgE production to  p o llen  antigens in  humans w ith  hay fe v e r (2 3 ) ,
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to  helm inth antigens as a re s u lt  o f p a ra s ite  in fe c tio n  (2 4 ) ,  and in 

mice immunized w ith  a low dose o f an tig en  adsorbed to  alum (25) .

In te re s t  in the  management o f c l in ic a l  a lle rg y  has prompted 

stu d ies  o f re g u la to ry  mechanisms In  IgE antibody fo rm atio n . In in ­

d iv id u a ls  w ith  hay fe v e r ,  i t  has been shown th a t serum IgE antibody  

t i t e r s  p e rs is t  and a re  enhanced a f t e r  contact w ith  an tig en  during  

hay fe v e r  season (2 3 ) .  H yp o sen s itiza tio n  treatm ent o f a lle rg y  con­

s is ts  o f m u lt ip le  in je c tio n s  o f m inute doses o f a lle rg e n  over long 

periods o f tim e . As a re s u lt  o f th is  treatm ent IgG antibody leve ls  

a re  increased and secondary IgE t i t e r s  a re  e v e n tu a lly  suppressed.

I t  was thought th a t th is  treatm ent Induced a b locking  an tib o d y , p re­

sumably IgG, th a t competed w ith  IgE fo r  b inding o f a lle rg e n . How­

e v e r, a n a ly s is  o f t i t e r s  o f b locking  antibody in c e r ta in  tre a te d  pa­

t ie n ts  f a i le d  to  support th is  hypothesis (2 3 ) .  Th is  evidence cou­

pled  w ith  th e  fa c t  th a t IgG Is  not present in very  g re a t q u a n titie s  

in  re s p ira to ry  s e c re tio n s , the  s i t e  where they would be most e ffe c ­

t iv e  in  competing fo r  a n tig e n , suggested th a t an Increase in b lock­

ing antibody may not be responsib le  fo r  the e f fe c t  o f h yp p sen s itiza -
;

t io n  on c l in ic a l  symptoms. An a lte r n a t iv e  hypothesis was suggested, 

namely, th a t a change in  the  memory c e l l  p o p u la tio n , p a r t ic u la r ly  

In  T c e l ls ,  occurred w ith  the  subsequent suppression o f the secon­

dary IgE response (2 3 ) .
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The tra n s ie n t p a tte rn  o f IgE antibody form ation  In  c e r ta in  labo­

ra to ry  anim als provided one means o f studying the suppression of 

th is  c lass  o f a n tib o d y . Using the  r a t  as an experim ental animal and 

a unique immunization schedule to  induce IgE, the te rm in a tin g  event 

in  the  tra n s ie n t p a tte rn  o f response was shown to  invo lve  re g u la tio n  

a t  the  T c e l l  le v e l .  In  th is  model, IgE responses to  a d in itro p h en y l 

conjugate  o f A scaris  suum e x tra c t (DNP-Asc) were induced by a high  

dose o f DNP-Asc ( I  mg) in je c te d  w ith  a B. p e rtu s s is  vaccine v ia  the  

footpads, on day 0 , fo llow ed  by an intram uscular In je c t io n  o f 0 .5  mg 

o f DNP-Asc on day 5 (2 6 ) .  IgE t i t e r s  peaked by day 14 and then de­

c lin e d  by day 21. The lin e s  o f evidence fo r  the re g u la tio n  of IgE 

by T c e l ls  in th is  system Include enhancement and maintenance of 

high IgE le v e ls  beyond day 21 by a n t i  thymocyte serum (ATS) (2 7 );  

a d u lt  thymectomy ( 17)> splenectomy ( 17) and x - i r r a d ia t io n  ( 28) .  In  

a d d it io n , i t  was shown th a t the  IgE responses prolonged by these 

means could be suppressed by tra n s fe r  o f splenocytes or thymocytes 

from anim als hyper immunized w ith  c a r r ie r  an tig en  (2 9 ) .  Other classes  

o f an tibody were not s im ila r ly  a ffe c te d  by these trea tm en ts .

Suppression o f IgE production by passive a d m in is tra tio n  o f an­

tig e n  s p e c if ic  IgG antibody has a ls o  been demonstrated In  the r a t .

( 26) and in the ra b b it  (30) .  I t  is  in te re s tin g  to  note th a t In the  

r a b b it ,  passive a d m in is tra tio n  o f a n tig e n -s p e c if ic  IgM antibody en-
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haneed IgE fo rm ation  (3 1 ) .

A somewhat d i f fe r e n t  experim ental model fo r  IgE responses e x is ts  

in  the mouse. When mice a re  immunized w ith  a low dose o f an tigen  in 

com bination w ith  alum they g ive  a high and p e rs is te n t IgE response 

(2 5 ) .  This model most c lo s e ly  resembles the  p a tte rn  o f IgE produc­

t io n  in  hay fe v e r  p a t ie n ts . Several examples o f re g u la tio n  o f IgE 

antibody fo rm ation  In th is  model have been demonstrated.

The a b i l i t y  o f mice to  form IgE an tib o d y , as w e ll as IgG a n t i ­

body, to  low doses o f an tig en  ( 0.1  jxg-l jug) in alum appears to  be 

under g en etic  c o n tro l,  dependent on H-2 type (32) and comparable to  

the  type o f Immune response re g u la tio n  observed w ith  the  s y n th e tic , 

branched polypeptides (TG)-AL and (HG)-AL (3 3 ) .  S tra in  d iffe re n c e s  

to  h igher doses o f an tig en  (100 *ig) were not as apparent (3 2 ) ,  When 

h ap te n -p ro te in  conjugates were used, th is  s tra in  d iffe re n c e  was shown 

to  be re la te d  to  c a r r ie r  p ro te in , suggesting th a t the  g en etic  co n tro l 

occurred a t  the  T c e l l  le v e l (3 2 ) .  Another type o f g en etic  c o n tro l,  

u n re la ted  to  H-2 type and s p e c if ic  fo r  IgE has been observed (32 ,

3 4 ) .  Thus, the  SJL s tr a in  o f mouse produces high t i t e r s  o f IgG an­

tib o d y  ag a in s t many d i f fe r e n t  an tigens but low le v e ls  o f IgE, even 

w ith  high doses o f a n tig e n . The IgE t i t e r s  o f these mice can be en­

hanced by using Con A as ad juvant Instead o f alum (3 5 ) .  A d d itio n a l­

ly ,  I t  has been shown th a t the  low reag in  production is  due to  the
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presence o f no n -sp ec if ic  suppressor I  ce l is  (36) .

Another means o f re g u la tin g  IgE antibody in the  mouse system 

Is  by amount o f a n tig e n . Whereas low doses o f alum-adsorbed a n t i ­

gen induce a p e rs is te n t response, high doses o f alum-adsorbed an­

tig e n  induce a tra n s ie n t response (2 5 ) .  Another type o f re g u la tio n  

has been observed in mice immunized w ith  a low dose o f alum-adsorbed 

a n tig e n . Maia e t a l ,  (37) reported  th e  s e le c t iv e  depression of IgE 

antibody fo rm ation  to  ovalbumin In  DBA/IJ m ice, i f ,  a f t e r  being im­

munized w ith  an optim al dose o f ovalbumin ( 0.1 # jg -1.0  Mg) and alum, 

( IR ) ,  mice were g iven Intravenous ( IV )  in je c tio n s  o f 100 MQ o f so lu ­

b le  ovalbumin on days 3 » 5 , 7 > th e ir  re a g in lc  response was near nor­

mal on days 8 , 9 , 10 but had declined  by day 16. C o n tro l. animals 

continued to  make re a g in lc  an tib o d y . The IgG response, as measured, 

by the  2 hour homologous PCA te s t ,  was not a ffe c te d . Th is  protocol 

is s im ila r  to  h y p o s en s itiza tio n  therapy In hay fe v e r  p a tie n ts . Tada 

(4 ) has suggested th a t th is  phenomenon may represent an example of 

to le ra n c e  In  IgE form ing B c e l ls .  Bach and B rash ler (3 8 ) ,  rep o rtin g  

a s im ila r  phenomenon produced by m u lt ip le  IV in je c tio n s  o f a c e ty -  

la te d  ovala lbum ln , specu late  th a t th e ir  system may represent the f o r ­

mation o f suppressor T c e l ls .  More re c e n tly  i t  has been demonstrated 

th a t th is  type o f suppression can be tra n s fe rre d  to  normal animals 

v ia  s p le n ic  T lymphocytes (3 9 ) .  In  a d d it io n , i t  was subsequently  

shown th a t these suppressor c e l ls  could be generated j_n v i t r o  only
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i f  adherent c e lts  were absent from the  c u ltu re  ( 22) .

STATEMENT OF THESIS

The purpose o f th is  study was to  examine the re g u la tio n  o f IgE 

antibody production in  mice and to  r e la te  th is  to  c e l lu la r  events^ 

The study was focused p r im a r ily  on th e  B a lb /c  s tra in  in order to  

avoid  the  com plications a r is in g  from s tra in  d iffe re n c e s  in  re g u la ­

t io n  o f IgE syn th es is .

The experim ental approach consisted  o f:

1) An exam ination o f th e  re la t io n s h ip  o f IgE-producing c e lls  

to  o th e r c lasses, o f an tibody-producing c e l ls  by te s tin g  the  e ffe c t  

o f neonatal Iy  in i t ia t e d  a n t I on subsequent IgE antibody responses

2) A comparison o f th e  various  ways in which IgE responses 

can be induced and re g u la te d .

3 ) An attem pt to  e lu c id a te  the  mechanism(s) responsib le  fo r  

th e  s e le c t iv e  suppression o f IgE responses by th re e  intravenous In ­

je c tio n s  o f high doses o f s o lu b le  a n tig e n .



MATERIALS AND METHODS

Animals

B a lb /c  mice were ra ised  in our own lab o ra to ry  f a c i l i t i e s .  

C3H/HeJ mice were obtained from Jackson L ab o ra to ries , Bar Harbor, 

M aine. ICR mice were obtained from the  Research Animals Resources 

C en ter, U n iv e rs ity  o f W isconsin, Madison. CF  ̂ mice were purchased 

from Carworth Farms, P ortage, M ichigan.

Outbred a lb in o  ra ts  were purchased from ARS Sprague-Dawley or 

Holtzm an, C o ., Madison, W isconsin.

Antigens

The fo llo w in g  antigens were obtained from Calbiochem (San 

Diego, C a l i fo r n ia ) :  Ovalbumin, (OVA) 5X c ry s ta l 11zed, lo t  #387039

and the  fo llo w in g  d in ltro p h e n y la te d  (DNP-) p ro te in s : DNP-o v a I bumin

(DNP24-OVA), DNP-bovihe serum albumin (DNPgg-BSA), DNP-Keyhole lim ­

pet hemocyanin (DNPgyg-KLH). Subscripts re fe r  to  the  average num­

ber o f groups per m olecule o f p ro te in . In  the  case o f KLH, th is  

was based on a m olecular w eight o f 2 x IO^.

Other an tigens and th e ir  commercial sources a re : normal rab­

b i t  serum (NRS), Colorado Serum C o .; ovine album in, Sigma; ovine  

gamma g lo b u lin , Pentex.

Ragweed e x tra c t was a g i f t  from D r. E. Rau, Endocrine Labora­

to r ie s ,  Madison, W isconsin.



Ntppostronqylus bras?Iie n s ts  an tig en  was prepared according to  

the  method o f O g ilv ie  (4 0 ) .

L ig h t ly  d in Jtrophenyla ted  ovalbumin (DNPooJ-OVA) was prepared  

by the  method o f Eisen (41) as m odified  by Ish lzaka and Okudalra 

(4 2 ) .  B r ie f ly ,  50 mg each o f d I n itrobenzene s u lfo n ic  a c id , 2X r e -  

c r y s ta l l iz e d ,  and o f sodium carbonate were d issolved in 6 ml d is ­

t i l l e d  w a te r. To t h is ,  100 mg o f OVA were added and the  m ixture  

s t ir r e d  fo r  3 -1 /2  hr a t  room tem perature . The re s u lt in g  conjugate  

was d ia lysed  ag a in s t s a l in e , a t  4 °C fo r  several days (changed a t  

le a s t 5 X ). The number o f DNP groups per m olecule o f OVA was d e te r­

mined spectrophotom etrSeal Iy  (43 ) by measuring absorbance a t  360 nm 

fo r  DNP and 280 nm fo r  OVA. The p ro te in  co n cen tra tio n  was estim ated  

by low ering the  observed OD28Q reading by 38 . 5% to  c o rre c t fo r  the  

absorp tion  a t  280 nm by DNP (4 3 ) .

Adjuvants

P rep a ra tio n  o f A l (0H)^ gel (Alum ): F if te e n  g o f alum (p u r­

chased from a lo ca l d rugstore) was d issolved In 180 ml o f d is t i l le d  

w a te r. To th is  s o lu tio n , 75 ml o f IN NaOH was added dropwise w ith  

continuous m ixing . The re s u lt in g  p re c ip ita te  was washed 6 - 8X w ith  

d is t i l l e d  w ater. Dry w eight determ inations were done on the  f in a l  

s o lu tio n .

B o rd e te iIa  p e rtu s s is  vaccine was purchased from El I L i l l y ,
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C o ., Indianapol Is ,  Indiana (c o n tro l #8AL31A).

Immunizations

The standard immunization used to  induce a good IgE response ■ ■ 

was 10 ng OVA mixed w ith  I mg alum given IR on day 0 . The OVA. was 

fre s h ly  prepared each tim e , by d is so lv in g  k mg OVA In TOO ml s a lin e .

An equal volume o f th is  s o lu tio n  was mixed w ith  an equal volume of 

alum (4  m g/m l), and 0 .5  ml o f th is  m ixtu re  was in je c te d . For those 

experim ents in  which a d i f fe r e n t  an tig en  was used or the  amount o f 

an tig e n  v a r ie d , a s im ila r  protocol was fo llow ed w ith  the  ap p ro p ria te , 

adjustm ents.

in  some experim ents, anim als rece ived , in a d d itio n  to  the s ta n - !;

dard Im m unization, th re e  IV In je c tio n s  o f an tigen  w ith o u t adjuvant 

on days 3 » 5 , 7 . In these experim ents, the  term s e n s itiz e d  is used 

fo r  those anim als re c e iv in g  th e  standard immunization; the  term sen­

s it iz e d  -d e s e n s itiz e d  is used fo r  those re ce iv in g  the  a d d itio n a l 

tre a tm e n t.

O ther immunization pro toco ls  a re  described in  the te x t .

Serum col le c t io n

A t the a p p ro p ria te  times a f t e r  Im m unization, blood was c o l­

lec ted  from the t a l l  in to  p la s t ic  m icro cen trifu g e  tubes to  which I 

drop o f s a lin e  had been added. The c lo tte d  blood was rimmed and
' ; I

l e f t  fo r  several hours or o vern ig h t a t  4”C. The serum was c o l le c t -  :|

]
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ed a f t e r  c e n tr ifu g a t io n  and stored  In  1 /4  or 1/2 dram v ia ls  a t  

-20°C or -70 °C . Serum stored  In  th is  manner d isp layed e q u iva len t 

PCA t i t e r s  9 months a f t e r  c o lle c t io n .

Assays

IgE responses were assayed by th e  passive cutaneous anaphylaxis  

(PCA) te s t  perform ed, fo r  most experim ents, in  ra ts  (4 4 , 4 5 ) .  For 

each serum, or serum p o o l, a 0.10  ml a liq u o t o f each o f a s e rie s  o f 

tw ofo ld  d i lu t io n s  was In je c te d  in traderm al Iy  (ID.) in to  the  shaved 

backs o f te s t  r a ts .  Approxim ately, 40 in je c tio n s  per r a t  were rou­

t in e ly  made. The ra ts  were challenged 24 hr la te r  by Intravenous  

in je c t io n  o f 5 mg an tig en  d isso lved  in 0 .5  ml 1% Evan's b lu e . When 

assaying fo r  PCA responses ag a in s t MRS, the  challenge  an tig en  con­

s is te d  o f 2 ml o f NRS in which 5 mg Evan's b lue  dye was d isso lved . 

S im ila r ly ,  fo r  PQA responses ag a in s t N lppostronqylus a n tig e n s , 5 mg 

o f Evan's b lue  dye was d isso lved  in  1-2 ml o f .a  s a lin e  s o lu tio n  con­

ta in in g  2 ,0 0 0  worm e q u iv a le n ts . T h ir ty  minutes a f t e r  IV ch a llen g e , 

th e  ra ts  were s a c r if ic e d  and the  reac tio n s  read on th e  underside o f 

the  s k in . A p o s it iv e  re ac tio n  was In d ica ted  by a d is c re te  c ir c le  

o f b lu e .

For both the  ID and IV In je c t io n s , the  ra ts  were sedated by an 

in tram uscular in je c t io n  of 0 .0 4 -0 .0 6  ml I nnovar-vet ( P i t man-Moore  

C o .) .
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When the PCA te s t  was performed In m ice, 0 .05  ml o f a serum 

d ilu t io n  was in je c te d , ID , in to  the shaved backs o f m ice. The mice 

were challenged IV , 72 hr la t e r ,  w ith  0 .2  ml 1% Evan's b lue dye, In 

s a lin e , c o n ta in in g  1-2 mg o f a n tig e n . Only one ID in je c t io n  per 

mouse was made.

IgE antibody-producing c e l ls  were measured by the  heterologous  

ad o p tive  cutaneous anaphylaxis (HACA) te s t  (4 6 ) .  This procedure is 

s im ila r  to  the  PCA assay except th a t 0 .1  ml a liq u o ts  o f the appro­

p r ia te  c e l l  suspensions were In je c te d  in to  the shaved backs o f ra ts .

A ntib o d ies  o th e r than those o f the  IgE c lass  were assayed by 

passive hem agglutination  (PHA) using ery th ro cy tes  coated w ith  OVA. 

Two d if fe r e n t  methods fo r  coatin g  ery th ro cy tes  were used. In one 

method (4 7 ) ,  OVA was coupled to  guinea p ig  e ry th ro cy tes  w ith  carbo- 

d iim id e . To 3 ml o f PBS in which 30 mg o f OVA was d isso lved  was 

added 0 .0 5  ml o f washed packed guinea p ig  e ry th ro c y te s . To th is  

was added 50 mg I -e th y l -3 (3 -dim ethylam i n o propy l)-C a rb o d iimide hy­

d ro c h lo rid e  (Sigma) d issolved in 0 .5  ml PBS. Th is  m ixtu re  was l e f t  

a t  room tem perature fo r  I hr w ith  occasional m ixing . The c e lls  

were then washed 3X and resuspended in m odified A I s e v ie r 's  s o lu tio n  

(48) to  approxim ately  0.5%.

In  the  o th er method (4 9 ) ,  OVA was coupled to  sheep e ry th ro ­

cytes w ith  chromium c h lo r id e  (C rC lg ). Stock s o lu tio n s  o f CrCIg 

(10 mg/ml in d is t i l l e d  w ater) and OVA ( I  mg/ml In s a lin e ) were p re -
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pa red „ For the coupling procedure, the  stock CrCl^ s o lu tio n  was 

d ilu te d  1 /20  in s a lin e . To 0 .2  ml o f  CrClg s o lu tio n  was added 0 .2  

ml o f OVA s o lu tio n  and 0 .2  ml washed packed sheep e ry th ro c y te s .

Th is  m ixtu re  was l e f t  a t  room tem perature fo r  5 m inutes, and then 

the  c e l ls  were washed 4X in  s a l in e . A f te r  the  la s t  wash th e  packed 

c e l ls  were d ilu te d  1 /60  in m odified  A ls e v ie r gS s o lu tio n  and s to red . 

For use in assays a fu r th e r  1/10 d i lu t io n  o f the  c e l ls  was made 

( f in a l  d i lu t io n  = 1/ 600) .

PHA t i t e r s  were determined by m ic ro t ite r  using p la s t ic  V-bottom  

m ic r o t ite r  p la te s , 25 n I  d i lu t in g  loops and 25 p i  p ip e tte  droppers. 

M odified  A Is e v ie r gS s o lu tio n  was used as a d i lu e n t .  A l l  t i t e r s  are  

expressed as the  re c ip ro c a l o f the  la s t d i lu t io n  t© g ive  a p o s it iv e  

r e s u lt .

A n t l-p  treatm ent

The a n t i -p  antiserum  was prepared by D r. Dean D. Manning, U n i­

v e r s ity  o f W isconsin, Madison, as described p rev io u s ly  (5 0 ) .  W ith ­

in  14 hr o f b i r t h ,  each o f th re e  l i t t e r s  was d iv id ed  In to  th ree  

groups. One group In  each l i t t e r  was in je c te d  IP w ith  0 .05  ml of 

a n t i -p  serum, the  o th er two re c e iv in g  an id e n tic a l in je c t io n  o f NRS 

or phosphate-buffered  s a lin e  (PBS); fu r th e r  in je c tio n s  o f 0 .0 5 ,

0 . 07 , 0 . 07 , 0 . 08 , and 0.08  ml were made on days 2 , 4 ,  6 , 8 , and 10, 

re s p e c tiv e ly . T h e re a fte r  a l l  mice rece ived  a 0 .1 0  ml in je c tio n  of
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PBS or d ilu te d  NRS or an t I serum (both d ilu te d  1 :2 .5  in PBS) 

every Monday, Wednesday, and F rid a y  u n t i l  te rm in a tio n  o f th e  experi 

ment,

Worm in fe c t io n

A t approxim ately  40 days o f age a l l  mice received a subcutane­

ous in je c t io n  o f 300 th ird -s ta g e  ( in fe c t io u s )  la rvae  o f a mouse- 

adapted s t r a in  o f N. bras 11 lens is  ( S I ) ,  2 wk la t e r  a l l  mice were

re in fe c te d  w ith  300 such la rvae  and 13 days th e re a fte r  were exsan­

guinated r e t r o -o r b i ta l  I y .



RESULTS

Induction  of hoanocytotropic an tib o d ies  in mice

Previous s tud ies  in th is  lab o ra to ry  have estab lish ed  th a t 10 

Hg OVA '+ 10 mg alum given IP to  B a lb /c  mice is very  e f fe c t iv e  fo r  

induction  o f 72 hr PCA antibody using the homologous PCA assay (2 0 ) .  

This  was confirm ed and i t  was shown th a t I mg of alum was ju s t  as 

e f fe c t iv e  as 10 mg. in  a d d it io n , C3H/HeJ mice gave a PCA t i t e r ,  a t  

10 days a f t e r  im m unization, th a t was s im ila r  to  B a lb /c  m ice.

The heterologous ( r a t )  PCA assay fo r  mouse IqE

Although IgE is considered a homocytotropic a n tib o d y , i t  was 

shown th a t human IgE could bind to  monkey mast c e l ls  (5 2 ) .  S im i­

l a r ly ,  various  lin e s  o f evidence have shown th a t mouse IgE, but not 

lgG||, w i l l  bind to  ra t  mast c e l ls  (4 4 , 4 $ , 53, 5 4 ) .  S ince th is  bind  

ing is s e le c t iv e  fo r  mouse IgE , when r a ts ,  instead o f m ice, a re  used 

as th e  re c ip ie n ts  fo r  th e  passive tra n s fe r  o f mouse antiserum  in 

th e  PCA assay a la te n t  period  o f 2 -72  hours can be employed (4 5 ) .

A comparison between the  homologous and heterologous ( r a t )  PCA 

assays is shown in Tab le  I .  S im ila r  PCA t i t e r s  were observed w ith  

th e  two assays, a lthough the t i t e r  In the homologous assay is one 

d i lu t io n  low er.

To fu r th e r  te s t  the  a b i l i t y  o f the ra t  PCA assay to, measure 

mouse IgE , I examined the heat s e n s it iv i t y  o f the PCA an tib o d y . I t  

had been reported  p rev io u s ly  ( 55) th a t d i lu t in g  serum p r io r  to  heat
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treatm ent a t  56°C fo r  30 minutes would p ro te c t the IgE skin  sen s i­

t iz in g  a c t iv i t y  from heat d e s tru c tio n . Since these workers were 

using the homologous RCA assay I re te s te d  th is  observation  using 

the  heterologous ( r a t )  PCA assay w ith  a longer heating  tim e .

The heat treatm ent was c a rr ie d  out as fo llo w s : Two 0 .1  ml a l i ­

quots were removed from a serum pool from 10 m ice. One a liq u o t was 

placed in a 10 x 75 mm te s t  tube , corked t ig h t ly  and the  tube was 

then placed in a 56°C w ater bath fo r  90 m inutes. The o th er a liq u o t  

was d ilu te d  1:8 in PBS and d iv id ed  In to  2 p o rtio n s . One o f these 

was heated as above w h ile  the o th er was placed in the  c o ld . A fte r  

th e  incubation  p e rio d , fu r th e r  d ilu t io n s  o f the samples were made 

and tes ted  fo r  PCA a c t iv i t y  in  r a ts .  The re s u lts  a re  shown in Table  

I I .  The PCA t i t e r  was dim inished from 256 to  <4 fo r  pool I and from  

2048 to  4  fo r  pool 2 by heating  serum before  d i lu t io n  w h ile  serum 

d ilu te d  p r io r  to  heatin g  showed only a s lig h t  reductio n  in t i t e r .  

These re s u lts  confirm  th a t the  antibody measured by th e  r a t  PCA as­

say is heat la b i le  and th a t d i lu t io n  o f the antibody p r io r  to  heat 

trea tm ent p ro tec ts  i t  from d e s tru c tio n .

E ffe c t  o f an a n ti-h e lm in th  agent on the  homologous PCA re ac tio n  in 

I CR mice

A comparison between various outbred mice as re c ip ie n ts  fo r  the  

homologous PCA te s t  produced an in te re s tin g  f in d in g . I t  was noted
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th a t ICR mice obtained from the  Research Animals Resources C enter, 

U n iv e rs ity  o f W isconsin, Madison, c o n s is te n tly  gave very  poor or 

neg ative  PCA reac tio n s  w ith  antiserum  th a t produced strong reac­

tio n s  in CF| mice obtained com m ercially . J a r r e t t  e t a l .  (56) have 

reported  th a t N ippostronqyius bras 11len s is  in fe c tio n  in ra ts  had an 

In h ib ito ry  e f fe c t  on subsequent homologous PCA assays. I hypothe­

s ized  th a t a s im ila r  e f fe c t  due to  p Inworm in fe c tio n  might be re ­

sponsib le  fo r  the  e f fe c t  on PCA reac tio n s  seen in ICR m ice.

A p re lim in a ry  te s t  o f th is  hypothesis was made in c o lla b o ra ­

t io n  w ith  D r. Ralph Anslow, U n iv e rs ity  o f W isconsin. Since the I CR 

mice were found to  have a high pinworm burden, i t  was decided to  ad 

m in is te r  an a n ti-h e lm in th  agent to  these mice and te s t  the e ffe c t  

o f such treatm ent on th e ir  r e a c t iv i t y  in  the PCA assay.

A group o f r e t ir e d  fem ale breeder mice was separated from the  

main colony and d iv id ed  In to  2 groups. A s o lu tio n  o f Dyrex R (F o rt 

Dodge L a b o ra to rie s , In c . , F o rt Dodge, Iowa) a t a co n cen tra tio n  of 

2 .5  gm per l i t e r  o f w ater was adm in is tered  as the  so le  source of 

d rin k in g  w ater fo r  14 days to  one group w h ile  the  o th er group was 

given p la in  w a te r. Approxim ately two weeks a f te r  the  treatm ent 

period  several mice from each group were s a c r if ic e d  and th e ir  in ­

te s tin e s  examined fo r  p inworms. The tre a te d  group was apparen tly  

f r e e  o f worms, whereas the  un treated  group had worms. Two months
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l a t e r ,  th e  m ice were used as r e c ip ie n ts  f o r  th e  homologous PCA t e s t .  

The r e s u l ts  shown in  T a b le  I I in d ic a te  th a t  th e re  is  a d e f in i t e  d i f ­

fe re n c e  in  th e  q u a l i t y  and in te n s i t y  o f  th e  PCA le s io n  between the  

two g ro u p s . The PCA le s io n s  o f  th e  t re a te d  group were la r g e r ,  d a r ­

ke r b lu e  and more d is c re te  than  those  o f  th e  u n tre a te d  g ro up . When 

th e  in te s t in e s  o f  these  m ice were exam ined, p inworms c o u ld  n o t be 

d e te c te d  in  .e ith e r  g ro u p . A lth o u g h  in  t h is  case , th e  PCA r e a c t i v i ­

t y  c o u ld  n o t be re la te d  to  pinworm burden a t  th e  tim e  o f  th e  assay 

th e re  was a s tro n g  c o r r e la t io n  between a n t i- h e lm in th  tre a tm e n t and 

PCA re a c t io n s .  T h is  s t r o n g ly  suggests  th a t  th e  poor r e a c t i v i t y  o f  

th e  ICR m ice was due to  a worm In fe c t io n .

S upp ress ion  o f  IqE a n tib o d y  fo rm a tio n  by tre a tm e n t w ith  a n t i - u  

a n tis e ru m

I t  was o f in te re s t to  know whether the  ontogenic development 

o f IgE form ing c e lls  is re la te d  to  IgM bearing precursora l c e l ls ,  

as a re  the c e lls  form ing o ther classes o f immunoglobulins. One 

way o f studying th is  re la t io n s h ip  is by suppression o f immunoglobu­

l in  fo rm ation  by neonatal Iy  in i t ia t e d  a n t i -#  tre a tm en t. Such t r e a t ­

ment has been shown to  suppress the  form ation  o f IgM, Ig G ^  IgGg, 

and IgA in mice (5 7 ) .  Kishimoto and Ish izaka (58) showed th a t  

a n t i -#  an tib o d ies  cannot suppress secondary IgE responses of ra b b it  

c e l ls  j_n v i t r o . T h e re fo re , i t  was decided to  te s t the e f fe c t  o f jm
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TABLE I

A comparison between the homologous and heterologous passive  

cutaneous anaphylaxis (PCA) te s ts  fo r  mouse IgE 

antibody ag a in s t ovalbumin

Mouse a n tis e ra 3

Pool I

Pool 2

______ PCA t i t e r s

Mouse Rat

128 256

128 256

aT ite r s  were done on a serum pool from 3 -5  m ice. Mice were immu­
n ized  w ith  10 jug ovalbumin + I mg alum IP on day 0 and bled 10 days 
la t e r .
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TABLE I I

E f fe c t  o f  h ea t3 on p a s s iv e  cu taneous a n a p h y la x is  (PCA)*3 

t i t e r s  o f  mouse a n tis e ru m

Serum poo1c 1:8  d i lu t io n U ndilu ted  se- 1:8  d i lu t io n
from 10 mice unheated rum heated heated

Pool I 256 <4 128

Pool 2 2048 4 1024

a56°C fo r  90 m inutes. 

kpCA te s t  performed in ra ts .

cMice were immunized w ith  10 fig OVA + I mg alum, IP .
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E f fe c t  o f  an a n t i- h e lm in th  agen t on th e  homologous 

p a s s iv e  cu taneous a n a p h y la x is  (PCA) re a c t io n

TABLE I I I

PCA a c t iv i t y 9

In te n s ity Diameter D escrip tio n

C ontrol^ 2+ 15 x 15 d is c re te

+ unmeasurable b a re ly  v is ib le

1+ 12 x 10 d is c re te

+ 10 x 10 d if fu s e , splotchy

+ 12 x 15 d if fu s e , Splotchy

T reated^ 2+ 12 x 15 d iffu s e

4+ 20 x 15 d is c re te

3+ 20 x 25 d is c re te

3+ 20 x 20 d is c re te

3+ 20 x 25 d is c re te

aAntiserum  used fo r  passive tra n s fe r  was a pool o f serum obtained  
from mice immunized w ith  10 jug ovalbumin + I mg alum.

^Treated anim als were given Dyrex R in  d rin k in g  w ater fo r  14 days. 
Control group was l e f t  u n tre a te d . Approxim ately 2 months la te r  the  
mice were tes ted  fo r  a b i l i t y  to  show PCA re ac tio n s .
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v iv o , an t I -/it treatm ent on the a b i l i t y  o f mice to  g ive  a subsequent 

IgE antibody response to  11. b ras i I ien s is  in fe c tio n  (5 9 ) .  E arly  

attem pts to  u t i l i z e  the  ovalbumin-alum model were fru s tra te d  by the  

freq u en t suppression o f a n t i-o v a I bumin responses by m u lt ip le  in je c ­

tio n s  o f NRS (see be low ). W hile these s tud ies were in progress, 

Dwyer e t a l . (60) reported  th a t they fa i le d  to  suppress IgE re ­

sponses to  immunization w ith  ovalbumin and alum by neonatal Iy  i n i ­

t ia te d  a n t i -M trea tm en t.

The re s u lts  o f th is  study a re  shown in Tab le  IV . I t  is c le a r  

th a t anim als re ce iv in g  a n t I-M treatm ent fa i le d  to  produce d e te c t­

a b le  le v e ls  o f PCA antibody to  worms, whereas those re ce iv in g  e ith e r  

PBS or NRS made high le v e ls  o f s p e c if ic  PCA an tibody . That a l l  

mice were indeed a c t iv e ly  in fe c ted  w ith  worms was determined by 

worm egg counts in the feces (51) .  In a d d it io n , the  achievement of 

severe p an sp ec ific  humoral immunosuppression as a re s u lt  o f a n t i -/Lt 

trea tm ent was confirm ed by assay o f serum immunoglobulin leve ls  of 

IgM, IgG1, IgG2 , and IgA (5 9 ) .

E f fe c t  o f  m u lt ip le  in je c t io n s  o f  NRS on subsequent IqE a n tib o d y  f o r ­

m a tio n  to  im m un iza tion  w ith  ova lbum in  and alum .

D u rin g  th e  s tu d ie s  o f  th e  e f f e c t  o f  a n t i -/Lt tre a tm e n t on IgE 

a n tib o d y  fo rm a tio n  th e  p re l im in a ry  o b s e rv a tio n  was made, th a t  in  

c o n t ro l a n im a ls  re c e iv in g  NRS tre a tm e n t th e  IgE response , when t e s t -
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ed 10 days a f t e r  one IP in je c tio n  o f OVA and alum, was suppressed. 

This  phenomenon was in v es tig a te d  fu r th e r .  The re s u lts  from 2 d i f ­

fe re n t  l i t t e r s  given m u lt ip le  in je c tio n s  of NRS from b ir th  are  shown 

in Tab le  V. In a l l  anim als re ce iv in g  PBS trea tm en t, the PCA and IHA 

responses were h ig h , whereas in the  NRS tre a te d  anim als most o f the  

responses fo r  both PCA and PHA antibody were e ith e r  undetectab le  or 

s ig n if ic a n t ly  lowered.

However, the suppressive e f fe c t  was not always present to  the  

same degree. One animal in the NRS tre a te d  group showed a PCA t i ­

te r  o f 128 and PHA t i t e r  o f 64 which can probably be considered  

normal and one animal showed a PCA t i t e r  of 64 and PHA t i t e r  of 16 

which is only s l ig h t ly  lower than th a t obtained norm ally  but which 

probably represents a s ig n if ic a n t  suppression. The o th e r responses 

in th is  group c le a r ly  a re  suppressed.

Thus, i t  was shown th a t NRS treatm ent did have a suppressive  

e f fe c t  on th e  IgE antibody response, but th is  e f fe c t  was v a r ia b le  

in  i ts  expression and was not s e le c t iv e  fo r  IgE; suppression o f PHA 

responses p a ra lle le d  th a t o f IgE. S im ila r  re s u lts  have been ob­

served by another in v e s tig a to r  (G. M. Lang, personal communication). 

K in e tic s  o f the PCA and PHA responses o f mice immunized w ith  10 jug 

OVA + I mg alum

Vaz e t a l .  (25 ) showed th a t one IP in je c tio n  of a low dose of
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IgE anti-w orm  responses in mice tre a te d  

from b ir th  w ith  a n t i -ju antiserum

TABLE IV

Anti-worm  PCA t i t e r s 3

PBS tre a te d *3 NRS tre a te d *1
I

A n t i-u  tre a te d

512 128 <4

512 128 <4

32 128 0

256 256 0

256 512 0

256 32 0

512

256

0

aPCA = passive cutaneous anaphylaxis assay performed in ra ts .

^Mice received e ith e r  PBS, NRS or a n ti-M , IP , according to  the f o l ­
lowing schedule: Days 0 , 2 -0 ,0 5  m l; days 4 , 6 -0 ,0 7  m l; days 8 , 10-
0 .0 8  m l; th e r e a f te r ,  every Monday, Wednesday and F r id a y -0 .1 0  ml.
A t approxim ately  40 days a l l  mice received 300 th ird -s ta g e  ( in fe c ­
t io u s ) la rvae  o f N. b ra s i I ie n s ls . 2 wk la te r  a l l  mice were r e in ­
fe c te d  w ith  the same dose of la rvae  and bled 13 days la t e r .
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E ffe c t o f n eo n a ta lIy  in i t ia t e d  normal ra b b it serum (NRS) 

treatm ent on a n t i-o v a I bumin responses in mice

TABLE V

Treatment® PCA  ̂ PHA^

PBS 512 512

512 256

512 128

256 512

256 512

NRS <4 2

<4 2

<4 4

16 2

64 16

128 64

aMice rece ived  e ith e r  NRS or PBS, IP , according to  th e  fo llo w in g  
schedule: Days 0 , 2 -0 .0 5  m l; day 5 -0 .0 7  ml; day 8 -0 .0 8  or 0 .10
m l; days 13, 18, 23 , 28 , 3 5 , 3 7 , 4 2 -0 .1 0  m l. Day 0 = day o f b ir th .

^Mice were prebled on day 36; immunized on day 37 w ith  10 jug OVA + 
10 mg alum, IP ; bled on day 4 7 . R esults  represent in d iv id u a l serum 
t i t e r s ,  o f 2 d i f fe r e n t  l i t t e r s ,  on day 47 .
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an tig en  w ith  alum was a r e l ia b le  method of inducing high and per­

s is te n t  IgE t i t e r s  in m ice. Th is  was confirmed fo r  B a lb /c  mice im­

munized w ith  10 jug OVA + I mg alum. From the re s u lts  shown in Table  

V I ,  i t  can be seen th a t PCA antibody is present a t  peak lev e ls  a t  

day 10 and is m aintained a t  th a t leve l fo r  a t  le a s t 5 months. A 

PHA antibody is a ls o  induced and m ain tained .

Dose response stud ies

Vaz e t a I . (25) have a ls o  reported th a t ,  in c e r ta in  s tra in s  o f . 

m ice, immunization w ith  a 100 jug dose of OVA + 10-20 mg o f alum ex­

e rte d  a suppressive e f fe c t  on IgE responses. In c o n tra s t to  the  

high and p e rs is te n t IgE response d isp layed by mice immunized w ith  

low doses (0 .1 -1  jug) o f alum-adsorbed OVA, mice immunized w ith  a 

high dose (100 jug) o f alum-adsorbed OVA showed a somewhat lower ho­

mologous PCA t i t e r  th a t d e c lin e d , to  very  low or undetectab le  le v ­

e ls ,  by day 21.

S ince these in v e s tig a to rs  d id  not use B a lb /c  mice in th e ir  

study, I tes ted  the e f fe c t  o f one in je c tio n  of d i f fe r e n t  doses of 

OVA on the  antibody responses o f th is  s t r a in  to  see i f  a s im ila r  

type o f re g u la tio n  could be dem onstrated. In these s tu d ie s , the  

amount o f alum was kept constant ( I  mg) and the PCA t i t e r s  were as­

sayed by the  heterologous ( r a t )  PCA te s t .

The re s u lts  o f th e  PCA and PHA t i t e r s  are  shown in Tables V ll
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and V I I I ,  re s p e c tiv e ly . No evidence o f re g u la tio n  o f IgE, a t day 

21, is seen a t  high doses of a n tig e n . Over the dosage range of I -  

1000 4 g, a l l  groups show a high t i t e r  a t  days 21 and 28. There is 

a s lig h t  lag in the peak IgE response, w ith  h igher doses o f a n tig e n , 

but th is  e f fe c t  is gone by day 21. A s im ila r  lag has been observed 

w ith  high doses of c e r ta in  o ther antigens and may represent a tra n ­

s ie n t n e u tra liz a t io n  of IgE antibody by excess a n tig e n . A lag in 

peak PHA responses was not seen.

A second experim ent (re s u lts  not shown) confirmed the p e rs is ­

tence o f the  IgE response, even a t  high doses o f a n tig e n ; a t day 5& 

a f t e r  mice were immunized w ith  10 or 1000 #xg OVA + I mg alum, the  

PCA t i t e r s  obtained were s im ila r ,  a t both dosage le v e ls , and to  the  

re s p e c tiv e  responses on day 14. I t  is in te re s tin g  to  note th a t by 

day 21 th e re  was very l i t t l e  d iffe re n c e  between the  t i t e r s  obta ined, 

in both the  PCA and PHA assays, when 10-1000 ng of an tig en  was used 

fo r  im m unization.

IgE responses to  DNP-conjuqates o f ovalbumin

Studies in  the r a t ,  on IgE antibody responses to  d i n i tropheny- 

Ia ted  A scaris  e x tra c ts  (DNP-Asc) showed th a t the le v e l o f anti-DNP  

IgE was in v e rs e ly  re la te d  to  the number o f DNP groups lin ked  to  the  

c a r r ie r  ( 6 l ) .  Thus, immunization w ith  4 x IO""** moles DNP/mg c a r­

r i e r  produced an average anti-DNP PCA t i t e r  o f 13, whereas I x IO"**
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TABLE Vl

Long term maintenance o f immune responses to  alum adsorbed 

ovalbumin® in B aib /c  mice

Type of 
antibody

PCAb

PHAb

Day 10 Day 21

256°  512

128 512

Day 56 Day 150

512 128

1024 1024

aMice were immunized w ith  one IP in je c t io n  of 10 ng ovalbumin + 
I mg alum.

bPCA = passive cutaneous an ap h ylax is .
PHA = passive hem agglu tination .

c Each re s u lt  was obtained from a serum pool from 5 m ice.



TABLE V l l

IgE responses to  various doses o f ovalbumin adsorbed to  alum

Dose of
ovalbumin8 Day 10 Day 14 Day 21 Day 28

I ug 256b 256 128 256

10 ng 512 512 512 1024

100 Hg 8 64 512 1024

1000 Hg <8 256 512 1024

aMice were given one IP in je c t io n  o f 0 .25  ml co n ta in in g  the  ind icated  amount of 
ovalbumin in s a lin e  mixed w ith  an equal volume of a s o lu tio n  conta in ing  I mg alum.

^Each re s u lt  was obtained from a serum pool from 4 mice.



TABLE V l l l

Passive hem agglutination  antibody responses to  Various  

doses o f ovalbumin adsorbed to  alum

Dose o f
ovalbumin® Day 10 Day 14 Day 21 Day 28

I 49 64b 256 512 256

10 fig 512 1024 1024 1024

100 49 512 512 1024 2048

I 000 4 g 256 512 512 2048

aMice were given one IP in je c t io n  o f 0 .25  ml co n ta in in g  the  ind ica ted  amount o f 
ovalbumin in s a lin e  mixed w ith  an equal volume o f a s o lu tio n  co n ta in in g  I mg o f alum.

^Each re s u lt  was obtained from a serum pool from 4 mice.



33

moles DNP/mg c a r r ie r  gave a t i t e r  o f 103. The an t I - c a r r ie r  re ­

sponses fo llow ed  the same p a tte rn .

C e rta in  s tud ies  on a n ti-h a p te n  and a n t i - c a r r ie r  IgE responses 

in  the mouse have revealed  a dichotomy in  these responses. Lee and 

Sehon (62 ) reported  th a t when mice were immunized w ith  I uq of 

h e a v ily  d in itro p h e iiy la te d  OVA (DNPgg-OVA) w ith  alum the  PCA a n t i ­

body response produced could be e l ic i t e d  in the PCA re c ip ie n t by 

ch a llen g e  w ith  DNPgg-OVA but not w ith  OVA.

Ish izaka  and Okudaira (42 ) showed a dosage e f f e c t ,  re la te d  to  

the  c a r r ie r ,  on a n ti-h a p te n  IgE responses using a l ig h t ly  d in l t r o -  

phenylated conjugate o f OVA (DNPg ^-OVA) fo r  im m unization. In 

DBA/gJ, mice which produce high and p e rs is te n t IgE responses to  m i­

nute doses (0 .0 5 -0 .2  jxg) o f OVA, they showed th a t immunization w ith  

low doses o f DNPg ^-OVA produced high and p e rs is te n t a n t i -DNP re ­

sponses, whereas h igher doses (10 uq) produced much lower t i t e r s ,  

which were t ra n s ie n t .

Anti-OVA PCA responses d id  not p a r a l le l  th e  antl-DNP responses; 

a n t I -OVA antibody form ation  was p e rs is te n t although the  leve l o f 

antibody was lower a t  h igher doses (4 2 ) .  In a d d it io n , prim ing w ith  

c a r r ie r ,  a t  a l l  doses, re su lte d  in a secondary a n t i - c a r r ie r  response 

to  immunization w ith  DNPg^-OVA whereas the  antl-DNP response was 

enhanced dr a c c e le ra te d  when anim als were primed w ith  a low dose o f
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c a r r ie r  but suppressed when they were primed w ith  a high dose (4 2 ) .

The a n ti-h a p te n  and a n t i - c a r r ie r  IgE responses o f B a ib /c  mice 

to  immunization w ith  e ith e r  DNPq^-OVA or DNP2Zfl-OVA were compared 

using the  heterologous ( r a t )  PCA assay. When mice were immunized 

w ith  DNPq ij-OVA and I mg alum (Tab le  IX) th e ir  anti-DNP responses 

were tra n s ie n t and in v e rs e ly  re la te d  to  dose. The a n t I -OVA re ­

sponses were high and p e rs is te n t ,  s im ila r  to  th a t obtained w ith  un­

conjugated OVA, except th a t I *zg DNPq ^-OVA produced a 4 - fo ld  h igh­

er t i t e r  than 100 pg.

When mice were immunized w ith  DNPg^-OVA and I mg alum (Table  X) 

th e  observation  o f Lee and Sehon (62) was confirmed and extended. 

Animals immunized w ith  1-100 #g o f an tig en  produced both a n t i-D N P ^ -  

OVA and anti-DNP responses th a t were high and p e rs is te n t .  However, 

anim als Immunized w ith  1000 pg o f an tig en  show no d e te c ta b le  a n t i ­

body. Anti-OVA antibody could not be detected  in any o f the ex­

perim ental groups.

When a 1 /8  d i lu t io n  o f an an t I -OVA serum th a t had d isp layed a 

t i t e r  o f 256 upon ch allen g e  w ith  ovalbum in, was p a ss iv e ly  tra n s ­

fe rre d  to  a r a t ,  th e  subsequent ch allen g e  w ith  5 mg DNP2Zt-OVA was 

a b le  to  e l i c i t  a PCA response fo r  th a t an tiserum . This ind ica tes  

th a t a t  le a s t some o f th e  B c e l l  a n tig e n ic  determ inants fo r  OVA 

were present on the  DNP2Zii-OVA m olecule.
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Immune response to  various doses o f ovalbumin using f3. pertu ss is  

as ad juvant

B a lb /c  mice were given one IP In je c tio n  o f 0 .25  ml o f a so lu ­

t io n  c o n ta in in g  10, 100, or 1000 tig OVA + 0 .25  ml o f B. p ertu ssis  

vaccine e q u iv a le n t to  10*0 organisms. The re s u lts  a re  shown in 

Tab le  X I .  Mice so immunized produced a PHA an tib o d y , but apparent­

ly  no PCA an tib o d y .

PCA antibody responses to  o th e r an tigens using alum as adjuvant

Other a lu m -p re c ip ita te d  substances which were a b le  to  Induce 

PCA a n tib o d ie s , a t  days 14 and 28, by immunization w ith  one IP in ­

je c t io n  were: I )  ragweed an tig en  a t  doses o f I 49 , 10 /tig, and 100 

pg, and 2) NRS and normal sheep serum when 0.25 ml o f e ith e r  undi­

lu ted  or d ilu te d  1:5 in s a lin e  was used. When u n d ilu ted  serum was 

used, a lag In the peak response was seen s im ila r  to  th a t observed 

w ith  high doses o f OVA. Immunization w ith  10 jizg, 100 jug, or 1000 fig 

doses o f ovine albumin or OGG p re c ip ita te d  w ith  alum d id  not pro­

duce d e te c ta b le  le v e ls  o f PCA an tib o d y .

In d u ctio n  o f IqE responses by m u lt ip le  In je c tio n s  o f an tig en  w ith ­

out ad juvant

I t  is  g e n e ra lly  accepted th a t In  order to  Induce IgE responses 

in  lab o ra to ry  anim als an "ad ju van t" is  re q u ire d . An exception  to  

th is  is  the  induction  o f s p e c if ic  IgE antibody as a r e s u lt .o f  worm



TABLE IX

IgE a n ti-h a p te n  and a n t i - c a r r ie r  responses o f B a lb /c  mice immunized w ith  

l ig h t ly  d in itro p h e n y la te d  ovalbumin (DNPq ^-OVA)

PCA t i t e r s *1

Dose of
A n ti -DNP A n ti--ovalbumin

a n t i qena Day 14 Day 36 Day 14 Day 36

I Aig

UNLA <8 2048 512

10 /tig 64 <8 512 256

100 Aig <8 <8 64 128

aMice were given one IP in jection  of 0.25 ml of the indicated dose of DNPq r=0VA in 
saline  mixed with an equal volume of a solution containing I mg alum.

kpCA (passive  cutaneous an ap h ylax is ) te s ts  were performed in ra ts  which were c h a l­
lenged IV w ith  5 mg o f e ith e r  DNP-BSA or ovalbumin.

c Each re s u lt  was obtained from a serum pool from 3 m ice.



TABLE X

IgE anti hapten-carrier conjugate, anti-hapten and a n ti-c a rr ie r  responses of Balb/c 

mice immunized with heavily din itrophenylated ovalbumin (DNPg -̂OVA)

PCA t I te r s b

Dose o f  
an tig en 3

A n ti DNPgjt-OVA A n ti -DNP A n ti ovalbumin

Day 14 Day 56 Day 14 Day 56 Day I 4 Day 56

I M9 128° 128 256 256 <8  <8

10 Mg 256 128 256 256 <8  <8

100 jug 256 256 >8 128 <8  <8

1000 wg <2 < 4 <4 <4 <8 <8

aH ice  were given one IR in je c t io n  o f 0 .25  ml o f the in d ica ted  dose o f DNPq 5-OVA in 
s a lin e  mixed w ith  an equal volume o f a s o lu tio n  conta in ing  I mg alum.

bpCA (passive  cutaneous anaph ylax is ) te s ts  were performed in ra ts  which were c h a l­
lenged IV w ith  5 mg o f e ith e r  DNPgjt -OVA, DNP-BSA or ovalbumin.

cEach re s u lt  was obtained from a serum pool from 4 mice.



TABLE Xl

A n ti-o va lb u m in  responses in mice immunized w ith  various  

doses o f ovalbumin arid B ordetei Ia p e rtu ss is

Day 10 Day 14 Day 21 Day 28
Dose of
ovalbumin3 PCA PHA PCA PHA PCA PHA PCA PHA

CTlaO

< 4 b 16 < 4  NDc <4 16 <4 ND

100 Hg < 4 32 < 4  ND <4 16 <4 ND

1000 fig < 4 128 < 4  ND < 4 128 <4 ND

aMice were g iven one IP In je c t io n  o f 0 .25  ml ovalbumin in  s a lin e  mixed w ith  an equal 
volume EL p e rtu s s is vaccine eq u iva len t to  approxim ately  10 ' "  organisms.

^Results were obta ined from a serum pool from 3 m ice.

cNot done.
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in fe c t io n  (4 0 ) .  One r e s u lt  o f l iv e  worm in fe c tio n  may be the  re ­

peated re le a se  o f low doses o f worm antigens during the various  

stages o f th e  in fe c t io n . S im ila r  a n t Ig e n lz a tio n  may occur in a -  

to p ic  peop le. I th e re fo re  considered the p o s s ib i l i ty  th a t rep ea t­

ed Immunization w ith  an tig en  a lone might overcome th e  requirement 

fo r  ad juvant in the  induction  o f IgE responses.

Two d i f fe r e n t  immunization p ro toco ls  were used. The f i r s t  was 

s ta rte d  on the day o f b ir th  and given approxim ately every 2-3 days 

as o u tlin e d  in Tab le  X I I .  From the re s u lts ,  i t  is apparent th a t a 

heat la b i le ,  PCA antibody response could be e l ic i t e d  by neonatal Iy  

in i t i a t e d ,  m u lt ip le ,  IP , in je c tio n s  o f NRS. R e la t iv e ly  high lev e ls  

o f p r e c ip ita t io n  antibody were a ls o  formed. Heat treatm ent dim in­

ished the PCA t i t e r ,  but not the p r e c ip it in  t i t e r .  However, th e re  

seemed to  be a p o rtio n  o f the PCA antibody th a t is re s is ta n t  to  

h e a tin g .

A s im ila r  response was obtained when mice rece ived  neonatal Iy  

in i t ia t e d  m u lt ip le  in je c tio n s  o f low doses o f ovalbumin (0 .0 2 -1 0  

Mg) a t  approxim ate ly  weekly In te rv a ls .  A pool o f serum from 7 mice 

gave an a n t i -o v a I bumin t i t e r  o f 64 a t  day 4 8 , 7 days a f t e r  the la s t  

in je c t io n .

In  the second protocol the immunizations were in i t ia t e d  in  

a d u lt  an im als . A to ta l  o f s ix  In je c tio n s  o f 0 .25  ml was adm inis­
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te red  IP a t  vario u s  in te rv a ls .  The mice were assayed a t  day 18 , 4 

days a f t e r  the la s t  in je c t io n . The re s u lts , shown in Tab le  X l l l  

were s im ila r  to  those obtained w ith  neonatal Iy  in i t ia t e d  in je c ­

t io n s . A pool o f serum from group I was tes ted  fo r  heat s e n s i t iv i ­

ty ;  th e  u n treated  pool gave a t i t e r  o f 128, whereas the  heated pool 

gave a t i t e r  o f < 16, I t  was o r ig in a l ly  thought th a t by g iv in g  an 

a d d it io n a l Immunization o f OVA + alum, to  group I I ,  to  s tim u la te  

an ti-o va lb u m in  responses, the  an t I -NRS response might have been po­

te n t ia te d .  However, w ith in  th e  tim e course of th is  experiment th is  

d id  not occur and in f a c t ,  th e re  appears to  be a s l ig h t  suppression.

These r e s u l ts  c le a r ly  in d ic a te  t h a t ,  in  m ice , m u l t ip le  in je c ­

t io n s  o f  a n t ig e n ,  w ith o u t  an a d ju v a n t,  can e l i c i t  PCA responses th a t  

most p ro b a b ly  a re  o f  th e  IgE c la s s .

The fo llo w in g  experim ents were designed to  examine, in more 

d e t a i l ,  the  phenomenon reported  by Maia e t  a l . (37) in which mul­

t i p l e  high doses o f a n tig e n , w ith o u t alum, given IV , re su lte d  in 

th e  s e le c t iv e  suppression o f IgE responses.

C o n firm a tio n  o f  p re v io u s  f in d in g s

B a lb /c  mice were s e n s itiz e d  on day 0 w ith  one IP in je c tio n  o f 

10 ug OVA + I mg alum fo llow ed by a d e s e n s itiz in g  tre a tm en t, on 

days 3» 5 , 7 which consisted  o f th e  intravenous In je c t io n  o f e ith e r  

s a lin e  (c o n tro l a n im a ls ), 100 fig OVA w ithout alum or 1000 pg OVA
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Immune responses o f mice immunized by neonatal Iy  

In i t i a t e d ,  m u lt ip le , In je c tio n s  o f normal 

ra b b it  serum (MRS) w ith o u t adjuvant®

TABLE Xl I

AntI-N R S responses

Mouse
no.

PCAb P r e c ip i t in

U n tre a te d  Heatedc Unheated Heatedc

I 64 8 32 32

2 128 i CL 64 ND

3 64 16 64 64

4 64 16 32 32

5 32 4 64 64

6 16 8 64 64

aMice rece ived  NRS, IP , according to  the  fo llo w in g  schedule: Days
0 , 2- 0.05  m l; day 5 - 0.07  m l; day 8 -0 .0 8  or 0.10  m l; days 13, 18, 
23 , 28 , 3 5 , 37 , 4 2 -0 .1 0  ml (day 0 => day or b i r t h ) .  They were bled  
on day 36 .

kpCA = passive cutaneous anaphylaxis performed in ra ts .  

cU n d ilu ted  serum samples were heated a t  56°C fo r  90 m inutes. 

dNot done.
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IgE responses o f mice immunized by a d u lt In i t ia t e d  m u ltip le  

in je c tio n s  o f normal ra b b it  serum (NRS) w ithout adjuvant

TABLE X l l l

AntI-WRS PCA responses3 

Group I *5 128

128

16

64

Group I l k* c 32

8

32

64

aPCA = passive cutaneous anaphylaxis performed in r a ts .  Results  
a re  from sera c o lle c te d  on day 18.

^H ice in  both groups rece ived  0 .25  ml NRS. IP , on days 0 , 2 , 4 , 7, 
11 and 14 (day 0 =» day o f f i r s t  In je c t io n ) .

cMice in  group 11 re ce ive d , in a d d it io n , one IP In je c t io n  o f 10 pg 
OVA + I mg alum on day 9 .
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w ith o u t alum each day. These 2 dosages were tes ted  because I was 

using 10 -1 OOX g re a te r  s e n s it iz in g  dose fo r  B alb /c  mice than had 

been used in the o r ig in a l s tudy. As can be seen from the  re s u lts  

In  Table  X IV , treatm ent w ith  both 100 ng and 1000 ng OVA resu lted  

in the suppression o f th e  PCA response by day 21, w h ile  the  group 

re c e iv in g  s a lin e  had high t i t e r s .  W ith the  100 ng dose, the IgE r e ­

sponse is  a t  near normal le v e ls  on day 10, whereas w ith  th e  1000 jug 

dose the  response is much low er, probably in d ic a tin g  th a t the sup­

pression  was expressed a l i t t l e  sooner w ith  the h igher dose. The 

PHA response d id  not appear to  be s im i la r ly  a ffe c te d  by the  t r e a t ­

ment.

Subsequent experim ents w ith  a s im ila r  design were c a rr ie d  o u t. 

100-200 ng OVA fo r  the  d e s e n s itiz in g  treatm ent was ro u tin e ly  used.

From the  re s u lts  o f these experim ents i t  can be concluded th a t  

d e s e n s it iz a t io n  is  a re p e a ta b le , v a l id  experim ental f in d in g . One 

hundred or 200 /ug Is  e q u a lly  e f fe c t iv e  in inducing d e s e n s it iz a t io n .  

By making comparisons between d i f fe r e n t  experim ents, i t  appeared 

th a t  te rm in a tio n  o f th e  IgE response occurred by day 16 and re ­

mained a t  le a s t through day 24. A ls o , the expression o f desensI -  

t iz a t .io n  appeared to  be p ro g ress ive . A t day 9 the PCA t i t e r s  were 

norm al, a t  day 10 some mice began to  show a lower PCA t i t e r  and by 

day 11 most anim als showed s ig n if ic a n t  suppression.



Maintenance o f d e s e n s it iz a t io n

When serum from the  anim als discussed above was te s te d  a t  77 

days a f t e r  s e n s it iz a t io n , the  PCA responses of the groups re ce iv in g  

e ith e r  100 fig o r 1000 jzg OVA were s t i l l  <8 w h ile  the c o n tro l group 

was s t i l l  making PCA a n tib o d y . Th is  suggested th a t the  phenomenon 

was long l iv e d . In  another experim ent, in  which In d iv id u a l re ­

sponses were te s te d , i t  was seen th a t the  d esen s itized  s ta te  was 

not u n ifo rm ly  m aintained in anim als tre a te d  w ith  100 ixg OVA. T y p i­

ca l re s u lts  a re  shown In  Tab le  XV. Bt can be seen th a t  in some a n i­

m als, which rece ived  m u lt ip le , IV in je c tio n s  o f 100 fig OVA, PCA 

antibody was d e te c ta b le  on day 52 even though th e ir  response had 

p re v io u s ly  dropped to  undetectab le  le v e ls  by day 16. This has been 

observed in  o ther experim ents.

E ffe c t  o f desens I t  Iz a t  ion on IqE a n tib o d y -s ec re tin g  c e l ls

In  order to  determ ine whether the  suppression o f IgE antibody  

responses induced by treatm ent w ith  m u lt ip le  high doses o f antigen  

was due to  suppression o f antibody s ec re tio n  an d /o r fo rm ation  or to  

n e u tra liz a t io n  o f an tibody by excess a n tig e n , the  WCA te s t  (34) 

was employed. For th is  te s t ,  anim als were s a c r if ic e d  a t  various  

tim es a f t e r  s e n s it iz a t io n  and s in g le  c e l l  suspensions o f th e ir  

sp leens, thymuses and bone marrows prepared in PBS. The c e l l  p re ­

p a ra tio n s  were washed 2X w ith  PBS and resuspended to  an a p p ro p ria te
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c o n ce n tra tio n . V ia b le  c e l l  counts by Trypan b lue exc lus ion  were 

made. Tw o-fo ld  d i lu t io n s  o f th is  p rep ara tio n  were made and 0.1 ml 

a liq u o ts  were in je c te d  in to  th e  skin  o f ra ts  which were challenged  

24 hr la t e r  w ith  Evan's b lue  dye and a n tig e n .

The re s u lts  using c e l ls  from s e n s itiz e d  anim als a re  shown In  

Tab le  X V I. IgE s ec re tin g  c e l ls  were present in the  spleens and 

bone marrows, but not the  thymuses o f s e n s itiz e d  mice a t  days 17 

and 3 2 . T h is  confirm ed previous work (3 4 ) .  The r e s u lts ,  using 

c e l ls  from d e se n s itized  an im als , a re  shown in Tab le  X V i. i t  can 

be seen th a t a t  the c e l l  concentrations, te s te d , no IgE secre tin g  

c e l ls  were detected  in  e ith e r  spleen or bone marrow. Considering  

th a t the number o f c e l ls  which gave a n eg ative  re a c tio n  was 100-  

fo ld  g re a te r  fo r  spleen c e l ls  and 5-10  fo ld  g re a te r fo r  bone marrow 

c e i ls  than the  le a s t number o f c e l ls ,  from the s e n s itiz e d  group, 

th a t gave a p o s it iv e  re a c tio n , these re s u lts  s tro n g ly  suggested 

th a t the  suppression o f  IgE resp o n ses ,d u e  to  intravenous in je c ­

t io n  o f a n tig e n , was the  re s u lt  o f a lack  o f IgE an t I b o d y -secre ting 

c e l ls  and not to  n e u tra liz a t io n  o f antibody by excess a n tig e n . 

■E ffe c t  o f g iv in g  m u lt ip le ,  high doses o f a n tig e n ,w ith o u t alum by 

the  IP rou te

From the  re s u lts  shown In  T ab le  X V II ,  I t  can be seen th a t when 

3 In je c tio n s  o f high doses of an tig en  a re  given IP instead o f IV ,
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th e  IgE antibody responses a re  only s l ig h t ly  dim inished when com­

pared w ith  th e  responses o f anim als re ce iv in g  the high.doses IV . 

This  is  tru e  when e ith e r  100 /ug or 1000 /ug was used fo r  the  IP in ­

je c t io n s .  These re s u lts  in d ic a te  th a t the route  o f a d m in is tra tio n  

o f the d e s e n s itiz in g  treatm ent was very  Im portant. Thus, the ex­

te n t o f Suppression by IP in je c tio n  was not n e arly  as g re a t as th a t  

Induced by a low dose o f an tig en  given in travenously  (see below ). 

E ffe c t  o f g iv in g  an o p tim a lly  immunogenic dose of an tig en  as a de-  

sens I t i z a t  ion treatm ent

T ab le  XVM I shows the  responses o f animals given 10 <Ltg OVA IV , 

compared to  100 pg OVA, IV . I t  can be seen th a t 10 ng was ab le  to  

induce a s ig n if ic a n t  suppression o f PCA t i t e r s .  Th is  supports the  

hypothesis th a t an Im portant requirem ent fo r  d e s e n s it iz a t io n  is the  

ro u te  o f in je c t io n .

A comparison o f m u lt ip le  and s in g le  treatm ents fo r  desens 51 5 za.t I on

T ab le  XIX shows the  e f fe c t  o f g iv in g  one IV in je c t io n  o f 300 

Ug o f OVA on e ith e r  day 3 , day 5 , or day 7 . I t  can be seen th a t  

one s in g le  in je c t io n  induced a s ig n if ic a n t  suppression in PCA t i ­

te rs  but not as g re a t as th a t obtained w ith  m u lt ip le  in je c tio n s .  

There d id n 't  seem to  be much d iffe re n c e  among s in g le  in je c tio n s  

given on d i f fe r e n t  days.
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E ffe c t o f in travenous, m u lt ip le  in je c tio n s  o f so lu b le  an tigen  on 

th e  a n t I -ova I bumin responses o f mice s e n s itize d  p rev io u s ly  

w ith  an l .p .  in je c t io n  o f an tigen  + alum

TABLE XIV

Treatm ent Day 10 Day 21

Day 0 -  Days 3 , 5 , 7 PCA PHA PCA PHA

Sens 111ze d -s a 11nea 512d 64 256 512

Sens 11 1zed-desens 11 1zed^
100 fig

128 512 <4 256

Sens 111zed-desensi 1 1zedc 32 512 <4 512
1000 uq

aMice were s e n s itiz e d  on Day 0 by an in tra p e rito n e a  I in je c tio n  of 
0.25  ml ovalbumin in s a lin e  mixed w ith  an equal volume o f a so lu ­
t io n  co n ta in in g  I mg alum. On days 3 , 5 , 7 they were given an in ­
travenous in je c t io n  o f s a lin e .

^Mice were tre a te d  as above except they were given 100 /ng so lub le  
ovalbumin instead o f s a lin e  on days 3 , 5 , 7 .

cMlce were tre a te d  as above, except they were given 1000 ug so lu ­
b le  ovalbumin on days 3 ,  5 ,  7.

^Results were obtained from a serum pool from 3 m ice.
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E ffe c t o f In travenous, m u lt ip le  in je c tio n s  o f so lu b le  

ovalbumin on IgE responses

TABLE XV

Treatm ent Day 10 Day 16 Dav 52

S e n s itize d 3 256 64 128
1024 1024 256
1024 512 128
1024 512 256
512 512 256
512 512 128

1024 512 512
256 256 256
512 512 256
256 256 256

S e n s it iz e d -
d e se n s itize d 6 128 <8 64

128 <8 64
64 <8 32

128 <8 32
256 <8 32

64 <8 32
128 <8 16
32 <8 <8
32 <8 <8
16 <8 <8
8 <8 <8

aMice were s e n s itiz e d  on day 0 by an l .p .  in je c tio n  o f 0 .25  ml 
ovalbumin In s a lin e  mixed w ith  an equal volume o f a s o lu tio n  con­
ta in in g  I mg alum.

ljMlce were tre a te d  as above, except they were given th re e  l . v .  In ­
je c tio n s  o f 100 Mg egg albumin w ith o u t alum on days 3 , 5» 7 .
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Heterologous ad optive  cutaneous anaphylaxis reactions  

in  s e n s itiz e d  and s en s ltlze d -d e se n s It lz e d  mice

TABLE XVI

No. o f c e l ls  req u ired  fo r  a p o s it iv e  reac tio n

Day 17 Day 32

S e n s itize d 3

Spleen 7 .5 X 105 4 .6  x IO5

Bone marrow 6 .0 X IO6 2 .5  x IO6

Thymus >5 X IO7 >3 x IO7

Sens i 11 zed-desens 111 zed*1

Spleen > 5 .2 X IO7 > 6 .2  x IO7

Bone marrow > 3 .2 X IO7 > 3 .5  x 10?

Thymus > 4 .5 X IO7 >2 x IO7

aMice were immunized w ith  one IP In je c t io n  of 10 fig OVA + I mg alum 
on day 0 .

^Mlce were immunized w ith  one IP in je c t io n  o f 10 ^g OVA + I mg alum 
on day 0 and subsequently given th re e  100 fig doses o f OVA w ithout 
alum on days 3 , 5 , 7 .
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E f fe c t  o f  m u l t ip le ,  ln t r a p e r l to n e a l in je c t io n s  o f  s o lu b le  

a n t ig e n  on a n t i - o v a lbum in  responses a t  day 16

TABLE XVM

T reatment® PCA PHA

S e n s it iz a t io n 256 1024
+ s a l in e 128 2048

256 2048

S e n s it iz a t io n <4 2048
+ 100 ng IV <4 1024

4 4096

S e n s it iz a t io n  + 128 1024
100 ng IP 64 4096

64 4096

S e n s it iz a t io n  + 256 4096
1000 ng IP 64 4096

32 2048

aOn day 0 , a l l  mice were given one IP in je c tio n  o f 10 jug OVA + I mg 
alum. On days 3 , 5 , 7 they were tre a te d  as In d ica te d .

i,
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E ffe c t o f g iv in g  m u lt ip le  intravenous in je c tio n  o f low doses 

o f so lu b le  an tig en  on d e s e n s it iz a t io n

TABLE XVI I I

Ant?-ova I bumIn responses^

Treatment® PCAc PHAd

S e n s it iz a t io n Exp. I 512 ND
+ s a lin e 256 ND

256 ND

Exp. 2 256 1024
128 2048
256 2048

S e n s it iz a t io n CXa

< 4 ND
+ 100 ug IV < 4 ND

< 4 ND

Exp. 2 < 4 2048
< 4 1024
< 4 4og6

S e n s it iz a t io n Exp. I 64 ND
+ 10 fig IV 32 ND

16 ND

Exp. 2 8 4096
16 4096
32 4096

aA l l  mice were s e n s itiz e d  on Day 0 w ith  one IP in je c t io n  o f 10 ixg 
OVA + I mg alum. On days 3* 5 , 7 they were given intravenous in ­
je c tio n s  o f e ith e r  s a l in e , 100 /zg OVA or 10 /ug OVA.

^Results a re  from In d iv id u a l mice b led on day 16 (Exp. I )  or 19 
(Exp. 2 ) .

cPCA = passive cutaneous an ap h ylax is . 

clPHA = passive hem agglu tination .
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TABLE XIX

A comparison o f th e  e f fe c t  o f m u lt ip le  In je c tio n s  and a s in g le  

in je c t io n  o f ovalbumin on d e s e n s itiz a t io n

PCA responses
T reatm ent3 Dav(s) o f treatm ent on day I 6

S a lin e 3 , 5 , 7 512 , 128, 256

100 jug OVA 3 , 5 , 7 < 4 , < 4 , <4

300 jug OVA 3 6 4 , 16, 16

300 jug OVA 5 3 2 , 6 4 , ND

300 ug OVA 7 128, 32 , 8

aA l l  treatm ents were given IV . On day 0 , a l l  mice were given one 
IR In je c t io n  o f 10 jug OVA *  I mg alum , .
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E ffe c t o f g SvSng o th er p ro te in s  or h a p ten -p ro te in  conjugates in -  

t  ravenous Iy

In  order to  determ ine whether the  suppression observed in sen­

s it iz e d  mice th a t were given th re e  subsequent IV in je c tio n s  o f 100 

Ug OVA might possib ly  be due to  a n o n -s p e c ific  e f f e c t ,  perhaps 

s im ila r  to  th a t observed w ith  m u lt ip le  in je c tio n s  o f MRS, o ther 

substances were in je c te d  IV In  a s im ila r  p ro to c o l. The re s u lts ,  

shown in T ab le  XX, showed th a t n e ith e r  100 ng sheep albumin nor 

100 fig DNP-KLH had any suppressive e f fe c t  on the PCA responses of 

mice p re v io u s ly  s e n s itiz e d  w ith  10 jug OVA + I mg alum. The re s u lts  

were equivocal when 100 jug DNPg^-OVA was g iven . One mouse out of 

th re e  showed a s ig n if ic a n t  suppression o f PCA a c t iv i t y ,  whereas the  

mean PCA va lu e  fo r  the  o ther two was only one tube lower than th a t  

fo r  the anim als given no tre a tm en t. However, even DNPg^-OVA was 

not a b le  to  suppress the  PCA responses to  the ex ten t th a t 100 jug 

OVA cou ld .

E ffe c t  o f desens i t  Iz a t  ion treatm ent on secondary IgE responses

The e f fe c t  o f d e s e n s it iz a t io n  on a subsequent IgE secondary 

response was tes ted  by g iv in g  a second IP In je c tio n  o f 10 jug OVA +

I mg alum to  s e n s itiz e d  and s e n s it iz e d -d e s e n s it iz e d  m ice. The sec­

ond Immunization was adm in is tered  a t  two d if fe r e n t  In te rv a ls  a f te r  

th e  prim ary In je c t io n . The re s u lts  a re  shown In  T ab le  X X I. When a



TABLE XX

E ffe c t o f a d m in is te rin g  o ther p ro te in s  or h ap ten -p ro te in  conjugates  

in traven o u s ly  on the a n t i -o v a lbumln PCA responses o f mice 

p re v io u s ly  s e n s itiz e d  w ith  alum-adsorbed ovalbumin

Treatm ent3 
on days 3 , 5 , 7

Experiment I

S a lin e

100 ng OVA

100 ng sheep albumin

Experiment 2 

S a lin e  

100 Hg OVA 

100 Hg DNP2lt-OVA 

100 Hg DNP-KLH

PCA responses*’ 
on day 16-21

256

<8

256

128, 512, 256 

< 4 , < 4 , <4  

128, 128, 32 

512, 512, 512

3On day 0 , a l l  mice rece ived  10 Hg OVA + I mg alum, IP . On days 3 ,  
5 , 7 they rece ived , in tra ve n o u s ly , the  Ind ica ted  substances.

^Results fo r  experim ent I a re  from a serum pool from 3 mice c o lle c t  
ed on day 16. R esults  fo r  experim ent 2 a re  from in d iv id u a l serum 
samples c o lle c te d  on day 21.



secondary immunization was given to  s e n s itize d  anim als on day 29 

(Group I )  th e re  was an 8 - fo ld  increase in RCA t i t e r  a t  f i r s t ,  which
i

decreases one d i lu t io n  la t e r  on. When the second ch allen g e  was ad­

m in is te red  on day 50 (Group I I I )  th e re  was a 4 - fo ld  Increase in t i ­

t e r .  I do not consider th a t these increases a re  d i f fe r e n t  from each 

o th e r , however, they do represent s ig n if ic a n t  increases when com­

pared to  th e  group th a t d id not re c e iv e  a second immunisation (Group 

I I ) .  On the  o ther hand, the  p a tte rn  o f secondary responses was 

somewhat d i f fe r e n t  in  sens 111zed-desensi t Ized mice. In  Group IV , 

which rece ived  a second immunization on day 29 , the  PCA Increased  

by only one d i lu t io n ,  whereas in  Group V I ,  which rece ived  a second 

immunization on day 50 , the PCA t i t e r  increased 3 2 - fd ld .  However, 

the  t i t e r  was s t i l l  s ig n if ic a n t ly  lower than the re sp e c tive  re ­

sponse in the  s e n s itiz e d  group. In  Group V, which d id  not rece ive  

any secondary im m unization, the PCA t i t e r  Increased s l ig h t ly  be­

tween days 29 and 50 .

Thus, i t  appears th a t .  In d e se n s itized  an im als , the  exten t of 

increase in secondary PCA t i t e r s  depends on when the second immuni­

z a tio n  was given in r e la t io n  to  th e  I n i t i a l  s e n s it iz a t io n  and desen- 

s i t lz a t lo n  tre a tm en t. The secondary response was h ig h e r, when the  

t im e .in te rv a l was Increased between d e s e n s it iz a t io n  treatm ent and 

secondary c h a lle n g e . T h is  was, a p p a re n tly , not tru e  fo r  animals
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which had been s e n s itiz e d  o n ly .

The PHA responses d id  n o t seem to  be s im i la r ly  in f lu e n c e d  

(d a ta  n o t show n). A l l  groups re c e iv in g  a secondary c h a lle n g e  

showed a s ig n i f i c a n t  in c re a s e  in  t i t e r  and th e  e x te n t  o f  th a t  in ­

c re a se  was s im i la r  in  a l l  cases.

Suppressive e f fe c t  o f spleen c e l ls  from s e n s itiz e d -d e s e n s it iz e d  

anim als

Experiments were undertaken to  see i f  the tra n s fe r  o f  spleen 

c e l l s  from s e n s itiz e d -d e s e n s it iz e d  anim als to  normal animals would 

suppress the  subsequent IgE response o f the re c ip ie n t .  Two separ­

a te  experim ents were set up. In experim ent I ,  2 groups o f donors 

were s e n s itiz e d  on day 0 w ith  10 ^g OVA + I mg alum. On days 3» 5 ,

7 one group received an intravenous In je c tio n  o f 100 %g OVA a lo ne.

A t day 18, the  anim als were bled and th e ir  sera assayed fo r  PCA 

a c t iv i t y .  A t day 19, 4 anim als from the  s e n s it lz e d -d e s e n s it Ized 

group which had undetectab le  le v e ls  o f PCA antibody (<4) and 4 a n i­

mals from the s e n s itiz e d  group (PCA >  64) were s a c r if ic e d  and s in g le  

c e l l  suspensions o f th e ir  spleens were prepared in PBS conta in ing  

1% f e t a l  c a l f  serum. A f te r  I wash In th is  medium, the  c e l l s  from  

each group were pooled and a v ia b le  count was made. Approxim ately  

2 .5  x 10® c e l l s  in a volume o f 0 . 35 - 0.50  m l, from each group, were 

in je c te d  IV in to  normal re c ip ie n ts  which were immunized th e  fo llo w -
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TABLE XXI

Secondary responses o f mice d esen s itized  w ith  m u lt ip le ,  

high doses o f ovalbumin given In travenously

Day o f second
Group Treatm ent immunization^ PCA a n t i-o v a I bumin responses

Day 29 Day 36 Day 50 Day 57

I S e n s it iz a t io n 8 29 256d 2048 1024 1024

11 SI NONE 256 512 512 512

111 Il 50 512 512 512 2048

IV S e n s it1 z a tio n -b 29 64 128 128 128
desens i t  Iz a t  ton

V " NONE < 4 8 16 16

Vl Il 50 <4 16 16 512

aA l l mice rece ived  10 Hg OVA *  I mg alum. IP , on day 0 .

bA I l mice received 10 jitg OVA + I mg alum, IP , on day 0 and 100 Jjtg
OVA, w ith o u t alum, IV,, on days 3 , 5 , 7 .

cH lce rece ived  e ith e r s a lin e  or 100 txg OVA + I mg alum, IP , on the
day in d ic a te d .

Results a re  from a serum pool from 3 m ice.
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Ing day w ith  10 ng OVA + I mg alum. The ant I -OVA IgE antibody re ­

sponses o f the re c ip ie n ts  a re  shown In  Tab le  X X II .  I t  can be seen 

th a t the  PCA responses o f anim als re c e iv in g  d esen s itized  c e l ls  a re  

s ig n if ic a n t ly  lower than those o f anim als re ce iv in g  s e n s itize d  

c e l ls .  When the  means o f the  Iogg values fo r  these two groups 

were analyzed by S tu d en t's  t  t e s t ,  th e  d iffe re n c e s  between the two 

groups were s t a t i s t ic a l ly  s ig n if ic a n t  (p <  0 . 05) .

In  th e  second experim ent, 3 groups o f donors were used. A l l  

groups were primed on day 0 w ith  10 pg OVA + I mg alum. On days 3 , 

5 , 7 one group received IV in je c tio n s  o f 100 ^g OVA and another 

group rece ived  IV In je c tio n s  o f 1000 iug OVA. The th ir d  group re ­

ceived no tre a tm en t. A t day 19, th e  spleens and thymuses of a l l  3 

groups were prepared in  a manner s im ila r  to  th a t described above. 

For each group of donors, a spleen c e l l  suspension co n ta in in g  2.5 

x 10® or 2 .5  x 10? c e l ls  in  0 .5  ml was prepared and in je c te d , IV , 

In to  normal re c ip ie n ts . A d d it io n a lly ,  another group o f re c ip ie n ts
O

received  an IV in je c t io n  o f 2 x 10° thymocytes from the  same group 

o f donors. The an t I -OVA PCA responses o f re c ip ie n ts  re ce iv in g  

spleen c e l ls  a re  shown in Tab le  XX iI (Experiment 2 ) .  The PCA re ­

sponses o f anim als re ce iv in g  2.5  x 10® spleen c e l ls  from animals  

tre a te d  w ith  1000 ug OVA were 8- f o ld  lower than those o f animals  

re c e iv in g  th e  same number o f s e n s it iz e d  c e l ls .  When 1 0 -fo ld  less
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c e l ls  from the  same donors were tra n s fe rre d , the PCA responses were 

4 - fo ld  lower than those o f s e n s itiz e d  an im als , however th e re  were 

only  2 anim als l e f t  in th is  experim ental group.
O

The PCA responses o f the  2 mice re ce iv in g  2 .5  x 10 spleen c e l ls  

from donors d ese n s itized  w ith  100 jug doses o f OVA were s im ila r  to  

those o f experim ent I and s ig n if ic a n t ly  lower than the responses o f  

mice re c e iv in g  s e n s itiz e d  c e l ls .  When 1 0 -fo ld  less c e l ls  from th is  

group were tra n s fe rre d , the suppressive e f fe c t  was not seen.
o

When 2 x 10 thymocytes from each o f the  th re e  groups were 

tra n s fe rre d  the PCA responses o f serum pools from 3 re c ip ie n ts  fo r  

each group, were id e n tic a l (PCA t i t e r  °  256 in  a l l  3 cases).

These re s u lts  showed th a t th e  suppression o f IgE by 3 , IV in ­

je c tio n s  o f an tig en  was tra n s fe rra b le  to  normal mice by spleen  

c e l ls ,  but not by thymocytes.
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TABLE XXI I

Suppressive e f fe c ts  o f spleen c e l ls  from d e se n s itized  animals 

on IgE a n t i -o v a lbumin responses when tra n s fe rre d  

to  norm al, syngeneic mice

Treatm ent o f donors 
o f spleen cel Is a

No. c e l ls  
tra n s fe rre d

PCA responses o f re c ip ie n ts ^  
'_______ Day 14-15__________

Experiment I

S e n s itize d  2 .5  x 10®

Sensi t iz e d -d e - 2 .5  x 10®
s e n s it iz e d -100  *tg

Experiment 2

S en s itize d

S e n s itiz e d -d e -  
s e n s it iz e d -100  ug

S ensit ize d -d e -  
s e n s it iz e d -  

1000 ng

2.5  x 10®

2 .5  x IO7

2.5  x 10®

2 .5  x IO7

2 .5  x 10®

2 .5  x IO7

256, 512, 256 

3 2 , 128, 64

512, 512, 512 

512, 512, 512 

128, 6 4 , ND 

256, 256, 512 

6 4 , 6 4 , 64 

128, 128, 128

aA l I  mice were given 10 tig OVA + I mg alum, IP , on day O0 In the  
s e n s it iz e d -d e s e n s it iz e d  groups, mice were given 3 , IV in je c tio n s  
o f th e  in d ica ted  doses o f OVA on days 3 , 5 , 7 .

®0ne day a f t e r  c e l l  t r a n s fe r ,  a l l  re c ip ie n ts  received 10 ng OVA 
+ I mg alum , IP .



DISCUSSION

The s tu d ie s  on th e  h e te ro lo g o u s  ( r a t )  PCA te s t  co n firm e d  p re ­

v io u s  f in d in g s  and he lped  e s ta b l is h  th e  v a l i d i t y  o f  t h i s  assay f o r  

mouse IgE e In  a d d i t io n ,  th e  I n h ib i t o r y  e f f e c t  o f  d i l u t i o n  on th e  

h ea t s e n s i t i v i t y  o f  th e  mast c e l l  b in d in g  a b i l i t y  o f  PCA a n tib o d y  

was co n firm e d  and e x te n de d . In  th e  s tu d y  by C lausen e t  a l .  (55) 

th e  PCA a n t ib o d y  response  was Induced by im m un iza tion  w ith  125 u g  

OVA p lu s  a s a l in e  e x t r a c t  o f  B. p e r tu s s is  and assayed by th e  hom olo­

gous PCAe My s tu d ie s  extended t h is  o b s e rv a tio n  to  PCA a n tib o d y  in ­

duced by im m un iza tio n  w ith  a lum -adsorbed  a n t ig e n  and assayed by th e  

h e te ro lo g o u s  PCA assay . A ls o ,  s in c e  C lausen e t  a l .  (55 ) employed 

a 30 m in h e a tin g  t im e . I t  m ig h t be a rgued th a t  by d i lu t in g  o u t th e  

a n t ib o d y ,  a lo n g e r h e a tin g  t im e  w ou ld  be re q u ire d  to  a c h ie v e  th e  

same e f f e c t .  My s tu d ie s  showed th a t  even when th e  h e a tin g  tim e  

was extended to  90 m in th e  e f f e c t  was s t i l l  seen.

A recent paper (63) has reported  th a t th e re  a re  2 an tib o d ies  

in mouse an tiserum , a c t iv e  in  the heterologous ( r a t )  PCA assay when 

a 2 hr la te n t  perio d  was used, one h e a t-s ta b le  and one h e a t - la b i le .  

(The h e a t-s ta b le  an tibody did not re ac t w ith  e ith e r  a n ti-Ig G ^  or a n t i  

IgG g.) Th is  conclusion was based on I )  a lack  o f c o r re la t io n  o f 48 

hr hom ocytotropic antibody a c t iv i t y  w ith  2 hr h e te ro c y to tro p ic  ( r a t )  

a c t iv i t y ,  2) the  presence o f a heat re s is ta n t an tibody th a t is more 

a c t iv e  In  th e  heterologous assay and 3) the presence o f h e te re c y to -
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t ro p ic  ( r a t )  a n tib o d ies  in  mouse antiserum  known not to  conta in  PCA 

antibody  a c t iv e  in the  48 hr homologous assay. I t  should be noted 

th a t in these s tu d ie s , th e  heat trea tm ent was a p p lie d  to  a 1:5 d i lu ­

t io n  o f serum which could account fo r  the  presence o f the 1'h e a t-re ­

s is ta n t"  an tibody in  some o f th e  a n tis e ra  te s te d . The d iffe re n c e s  

between the  48 hr hcm ocytotropic and 2 hr h e te ro c y to tro p ic  antibody  

were not more than 2 -4  fo ld .  The apparent g re a te r amount o f heat 

re s is ta n t  PCA antibody in the 2 hr heterologous assay when compared 

w ith  the 48 hr homologous assay can be accounted fo r  by the  d i f f e r ­

ence in  tim e . I t  has been shown th a t  although the  h a l f - l i f e  o f IgE 

antibody in  the  skin  was approxim ate ly  7 -14  days ( I ,  6 4 ) ,  th e  g re a t­

e s t ra te  o f decrease occurred w ith  the f i r s t  3 -4  days ( I ) .  The p re ­

sence o f a PCA antibody In serum from SJL m ice, th a t was a c t iv e  in  . 

th e  2 hr heterologous but not the  48 hr homologous te s t  and which 

appears to  be t o t a l l y  heat re s is ta n t ,  is  notew orthy. However, these  

in v e s tig a to rs  fa i le d  to  compare 48 hr homologous assay re s u lts  w ith  

48 hr heterologous assay re s u lts .  In  a l l  o f my s tu d ie s , a 24 hr 

la te n t  period  was employed. I b e lie v e  th a t o th er s tu d ies  (4 4 , 4 5 ) ,  

as w e ll as my own, have es tab lish ed  th e  v a l id i t y  o f th e  h e te ro lo ­

gous ( r a t )  PCA assay to  measure mouse IgE an tibody.

The a m e lio ra tio n  o f th e  PCA les io n  caused by IgE an tib o d y , in  

ICR m ice, due to  trea tm ent w ith  an a n ti-h e lm in th ic  agent has Im por-
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tanfc co n sid era tio n s  fo r  the use o f the PCA assay. I t  is  very  l ik e ­

ly  th a t th e  poor PCA r e a c t iv i ty  observed before  treatm ent was due 

to  a c o m p etitive  in h ib it io n  or b locking  o f the b inding o f the pas­

s iv e ly  tra n s fe rre d  IgE by endogenous IgE produced as a re s u lt  o f 

worm In fe c t io n . Ish izaka  e t  a l .  (65 ) have shown, very  c o n v in c in g ly , 

th a t when p e rito n e a l mast c e l ls  were incubated w ith  '^ ! - la b e le d  

r a t  E myeloma p ro te in , th e  number o f IgE molecules combined w ith  

mast c e l ls  Is o la te d  from N. b ra s H Ie n s ls  In fec ted  r a t  was about 10% 

o f th a t bound to  mast c e l ls  from normal ra ts .

The d e te c tio n  o f p Inworms Sn the  experim ental anim als before  

treatm ent suggests s tro n g ly  th a t th is  p a ra s ite  was responsib le  fo r  

the  e f fe c t  seen. Although i t  has not been rep o rted , i t  seems rea­

sonable to  assume th a t ,  based on o th e r p a ra s ite  systems (66) ,  IgE 

fo rm ation  occurs as a re s u lt  o f p Inworm In fe c t io n . I t  Is f e l t  th a t  

th e  observations reported  here may represent an extreme case fo r  

the fo llo w in g  reasons: I )  the  animal colony from which the  e x p e ri­

mental anim als were obtained was n e ith e r  monitored nor tre a te d  fo r  

p inworms; 2) because r e t ir e d  fem ale breed mice were used, the worm 

burden and hence, th e ir  IgE le v e ls  may have been e x c e p tio n a lly  high 

due to  the In h ib ito ry  e ffe c ts  o f pregnancy and la c ta t io n  on worm ex­

pu ls ion  ( 67) .

The observation  th a t measurements o f PCA a c t iv i t y  may be in -
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f Iuenced by p inworm in fe c t io n  is  extrem ely  Im portant considering  

th e  u b iq u ity  o f pinworm In fe c tio n s  In animal c o lo n ie s . However, 

some commercial animal su p p lie rs  do m onitor th e ir  co lon ies  fo r  

p Inworms and apply  a p p ro p ria te  means to  c o n tro l the  in fe c tio n s .

The suppression o f IgE antibody form ation by n e o n a ta lIy  i n i ­

t ia te d  trea tm ent w ith  a n t i -u  antiserum  provides convincing evidence  

th a t IgE-form ing c e l ls ,  l ik e  those producing IgM, Ig G j, IgGg and 

IgA, a r is e  from IgM bearing  precursor® I c e l ls .  I t  Is  p o s s ib le , o f 

course, th a t the  an t I serum used in these s tud ies  contained un­

detected  traces  o f a n t i - £  a c t iv i t y  which might be responsib le  fo r  

the  observed suppression. That s itu a t io n  seems u n l ik e ly ,  however, 

in  v iew  o f th e  degree o f p u r ity  o f IgM used to  induce form ation  of 

the  antiserum  and the  subsequent ex ten s ive  absorption  o f th is  a n t i ­

serum w ith  o th er immunoglobulins. I t  seems more l ik e ly  th a t the  

e f fe c t  is  in fa c t  due to  a n t i a n t i b o d i e s .  I t  may be th a t sup­

pression  o f IgE responsiveness, l ik e  IgA suppression, requ ires  a 

r e la t iv e ly  high le v e l o f suppressive tre a tm en t. Th is  could account 

fo r  th e  lack  o f IgE suppression observed by Dwyer e t  a l . (6 0 ) .

The suppression o f anti-OVA responses by n eo n a ta lIy  in i t ia t e d  

NRS trea tm ent proved to  be v a r ia b le  in  I t s  expression and i t  is not 

known what in fluences  t h is .  I t  Is  c le a r  however, th a t the  e f fe c t  

Is  not r e s t r ic te d  to  the  PCA response but extends to  the  PHA response
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in  a p a r a l le l  m anner. T h is  e f f e c t  may be due to  some ty p e  o f  a n t i ­

g e n ic  c o m p e tit io n  (68) o r  to  a d i r e c t  e f f e c t ,  perhaps c y to to x ic ,  on 

th e  c e i l s  re q u ire d  f o r  th e  g e n e ra tio n  o f  an immune response . F u r­

th e r  s tu d y  is  needed. -

The re s u lts  o f the s tud ies  on immunization o f B a lb /c  mice w ith  

one IP in je c t io n  o f low doses ( I  and 10 jug) o f OVA and I mg alum 

confirm ed th a t th is  procedure was a h ig h ly  r e l ia b le  means o f induc­

ing high and p e rs is te n t le v e ls  o f IgE an tibody . The re s u lts , when 

higher doses o f OVA (100 and 1000 ug) w ith  I mg alum were used, 

showed th a t th is  procedure a ls o  Induced a high and p e rs is te n t IgE 

response. These re s u lts  d if fe re d  from th a t o f Vaz e t a t .  (2 5 ) ,  who 

showed th a t  high doses o f OVA Induced a low and tra n s ie n t IgE re ­

sponse. The d iffe re n c e s  observed, may be due to  d iffe re n c e s  In the  

s tra in s  o f mouse used and /or to  d iffe re n c e s  in  the  amount of alum 

used. Vaz e t a l .  (25 ) used SW-5 5 , SWR/J and C57BL/6J mice and 10- 

20 mg alum w ith  h igher doses o f OVA whereas I used B a lb /c  mice and 

I mg alum. From in fo rm ation  in  th e  Handbook o f Experim ental im­

munology (69) i t  appears th a t approxim ately  50 49 o f p ro te in  is the  

maximum amount th a t can be p re c ip ita te d  by I mg alum. T h ere fo re , 

when I Immunized w ith  100 or 1000 yg o f OVA + I mg alum , the  a n i­

mals were probably rece iv in g  approxim ately  50 49 o f alum p re c ip i­

ta te d  an tig en  + 50 or 950 pg o f non-precIp ita te d  a n tig e n .
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Presumably then , the alum p re c ip ita te d  an tigen  remained as a 

depot w ith in  the an im a l, whereas the re s t o f the a n tig e n , the non- 

p re c ip ita te d  p o r t io n , acted as any o th er so lub le  an tig en  and be­

came a v a ila b le  to  the  c ir c u la t io n ,  c re a tin g  a high c ir c u la t in g  con­

c e n tra t io n  o f a n tig e n , which was then m etabolized and excreted  nor­

m a lly . T h e re fo re , the  a c tu a l dose o f an tigen  th a t p e rs is te d  w ith in  

th e  depot was probably about 50 ugf no m atter how much more was 

given i n i t i a l l y  w ith  I mg alum. T h is  may not have been enough an­

tig e n  to  achieve the  type of high dose re g u la tio n  observed by Vaz 

e t a l .  (2 5 ) .

The d iffe re n c e s  observed between IgE an t I -DNP responses pro­

duced in response to  e ith e r  l ig h t ly  d in ltro p h e n y la te d  OVA or heav i­

ly  d in itro p h e n y la te d  OVA are  in te re s t in g . Immunogenic doses of 

DNP0 tj-OVA induced a tra n s ie n t IgE a n t i -DNP response and the t i t e r s  

were in v e rs e ly  re la te d  to  dose w h ile  immunogenic doses o f DNPg^-OVA 

induced a high and p e rs is te n t response.

Th is  d if fe re n c e  between the  tra n s ie n t and p e rs is te n t nature o f 

the  responses is probably best exp la ined  on the basis o f stud ies by 

Klaus and M itc h e ll ( 69) In  which they showed a d is t in c t  d iffe re n c e  

In  the metabolism o f DNPg-BSA and DNPgQ-BSA. DNPgQ-BSA p e rs is te d ,.  

In  v iv o , fo r  long periods o f tim e , was re ta in e d  m ainly in the spleen  

and l iv e r  and was e f f ic ie n t ly  taken up by macrophages, in  v i t r o .
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but degraded very  sllowHy. ONPg-BSAs on the o ther hand was excreted  

ra p id ly ,  was more broad ly  d is tr ib u te d  in various organs and was not 

taken up as e f f i c ie n t ly  by macrophages as DNPg0-BSA. Thus, i t  is  

thought th a t perhaps the  IgE responses produced as a re s u lt  o f im­

m unization w ith  DNPq jj-OVA a re  tra n s ie n t because th is  an tigen  is 

not re ta in e d  In v iv o  fo r  very  long and th e re fo re  is not a v a ila b le  

to  provide a constant stim ulus fo r  IgE B c e l ls .

An a d d it io n a l exp la n a tio n , the  form ation  of suppressor T c e l ls ,  

may be considered. Recent work by Ish izaka  and Adachi (22) showed 

th a t the  Jji v i t r o  c u ltu re  o f sp len ic  lymphocytes, w ith  a n tig e n , in 

the absence o f macrophages, re su lte d  In the form ation  o f T sup­

pressor c e l ls  fo r  IgE and IgG a n ti-h a p te n  responses whereas c u l­

tu r in g  on an tig en  bearing  macrophages resu lted  in the  form ation  o f 

T h e lp er c e l ls .  Thus, suppressor T c e l ls  may be-formed as a re s u lt  

o f immunization w ith  DNP0 ^g-OVA but not w ith  DNPg^-OVA because of 

the  d iffe re n c e s  In the  e f fe c t  on macrophages between th e  two con­

ju g a te s .

One o th er fa c to r  th a t might be in flu e n c in g  the  responses to  the  

DNP-conjugates may be re la te d  to  the  d iffe re n c e s  in  th e  o ther c la s ­

ses o f an tibody induced by these a n tig e n s . Klaus and Cross (70) 

showed th a t DNPg-BSA e l ic i t e d  m ain ly IgG antibody and immunological 

memory w h ile  DNPg0-BSA Induced a prim ary IgM response, l i t t l e  IgG
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antibody  and poor memory. As mentioned above, a n tig e n -s p e c if ic  IgM 

enhanced IgE fo rm ation  in the  ra b b it  (31 ) and a n tig e n -s p e c if ic  IgG 

suppressed IgE form ation  in the  r a t  (2 6 ) .  However, one must be 

c a re fu l in app ly ing  observations on IgE form ation in one species to  

another ( 4 ) .  A lso  th e  re g u la to ry  e f fe c t  o f p ass ive ly  adm in istered  

IgG antibody on IgE fo rm ation  in mice has been shown to  be d i f f e r ­

en t from th a t observed in  the r a t  ( 7 1 ) .  I t  may be th a t a l l  o f these  

fa c to rs  in flu e n ce  the  IgE responses to  the d if fe r e n t  DNP-OVA conju­

g ates; however fu r th e r  work Is  re q u ire d .

The dichotomy In a n ti-h a p te n  and a n t i - c a r r ie r  IgE responses 

observed by others (4 2 , 58) was confirm ed. Mice Immunized w ith  

DNP0 i5 -OVA produced high and p e rs is te n t an t I -OVA IgE responses. I t  

may appear th a t th is  response c o n tra d ic ts  the  exp lan a tio n  advanced 

above fo r  the  tra n s ie n t nature  o f the an t I -DNP response because i t  

im plies  th a t an tig en  is re ta in e d  j_n v iv o  and probably processed by 

macrophages. However, I t  seems probable th a t a t  such a low density  

o f hapten co n ju g atio n , th e re  a re  many OVA molecules which do not 

co nta in  any DNP groups and hence would be processed as "n a tiv e "  alum 

p re c ip ita te d  OVA and produce a ty p ic a l IgE response. The fa i lu r e  

o f DNP24~0VA to  induce an anti-OVA IgE response can best be ex­

p la in ed  by a masking o f or a conform ational change in th e  n a tiv e

OVA determ inants .
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The lack  o f a d e te c ta b le  PCA antibody response in mice I immu­

nized  w ith  OVA and B_0 p e rtu ss is  vaccine was s u rp ris in g  because of 

previous work In which th is  ad juvant favored the production o f IgE 

( 4 ) .  However, 1$, p e rtu ss is  vaccines a re  a p p aren tly  u n re lia b le  fo r  

th is  purpose and only c e r ta in  p rep ara tio n s  a re  a b le  to  induce IgE 

fo rm ation  to  s p e c if ic  an tigens ( 4 ) .

The induction  o f IgE responses w ith o u t a d ju va n t, by m u lt ip le  

in je c tio n s  o f an tig en  has not been reported  p rev io u s ly  fo r  labora­

to ry  an im als . Th is  Is  a s ig n if ic a n t  observation  because i t  may 

represent a model fo r  IgE antibody induction  th a t Is  more ak in  to  

th e  means by which a l le r g ic  in d iv id u a ls  become s e n s itiz e d  than the  

s in g le  in je c t io n  o f a low dose o f alum-adsorbed a n tig e n . Although  

th is  regimen Induced high IgE responses. I t  a ls o  Induced high p re ­

c ip i t in  responses, when MRS was used, which is not observed in the  

a to p ic  c o n d itio n , I b e lie v e  th a t I f  much lower doses o f an tigen  

a re  used then the  p a tte rn  o f an tibody responses w ith  regard to  im­

munoglobulin c lass  would be a lte re d  such th a t the p r e c ip it in  re ­

sponse would be considerab ly  dim inished and the IgE response en­

hanced.

I specu la te  th a t ,  In  order to  induce IgE antibody fo rm atio n , 

repeated s tim u la tio n  o f the  c e l ls  Involved in IgE fo rm ation  (e ith e r  

T or B o r both) is  re q u ire d . This Is  so th a t a c e r ta in  minimum
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number o f IgE producing c e l ls  a re  formed In order to  a t ta in  high 

enough serum le v e ls  o f IgE antibody th a t can be detected  by the 

PCA assay. Th is  could be achieved e ith e r  by g iv in g  alum-adsorbed 

an tig en  or m u lt ip le  In je c tio n s  o f a n tig en s .

Macrophage processing has been shown to  be im portant In the  

fo rm ation  of h e lp er T c e l ls  fo r  IgE responses (2 2 ) .  A lthough the  

mechanism by which alum-adsorbed an tig en  s tim u la tes  IgE form ation  

is  not known, Tada (4 ) speculates th a t small doses o f alum-adsorbed 

an tig en  a re  phagocytized by macrophages and re leased In an extreme­

ly  Immunogenic form to  s tim u la te  c e r ta in  populations o f T or B 

c e l ls .  Presumably, alum-adsorbed antigens a re  taken up very e f ­

f i c i e n t ly  by macrophages. I t  Is  not known to  what e x ten t so lub le  

a n tig e n s , such as those used in m u lt ip le  in je c tio n s , in  comparison 

to  alum-adsorbed a n tig e n , a re  processed by macrophages. I t  may be 

th a t by g iv in g  repeated In je c tio n s  o f so lu b le  an tigen  the  re q u ire ­

ment fo r  macrophage Involvement is overcome or a l t e r n a t iv e ly ,  th a t  

macrophage processing o f so lu b le  an tig en  is s tim u la ted  by th is  r e g i­

men.

From the  s tud ies  on the e f fe c t  o f m u lt ip le , high doses of an­

t ig e n , g iven IV on days 3 , 5 , and 7 a f t e r  p r io r  immunization w ith  

10 /Ltg OVA + I mg alum, IP I t  can be concluded th a t th is  treatm ent 

re s u lts  in  the  s e le c t iv e  suppression o f IgE responses to  OVA and
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th a t th is  e f fe c t  can be tra n s fe rre d  to  normal anim als by sp len ic  

c e l ls .

W hile  these s tu d ies  were in progress, o ther workers reported  

th a t  a d m in is tra tio n  o f 3 , 100 jug, IV In je c tio n s  o f urea denaturated  

OVA (UD-QVA) given on days 3» 5 , and 7 a f t e r  immunization w ith  a 

low dose o f a lu m -p re c ip ita te d  OVA, suppressed anti-OVA IgE and IgG 

responses and re s u lte d  in  the form ation  o f suppressor T c e l ls  (3 9 ) .  

T h e ir  system was unique in  th a t UD-OVA contained only the  T -c e ll  

s tim u la tin g  determ inants o f n a tiv e  OVA; the n a tiv e  OVA B- c e l l  stimu  

la t in g  determ inants were lo s t by the urea treatm ent (7 3 ) .

In  l ig h t  o f these s tu d ie s . I t  seems reasonable to  assume th a t  

3 , 100 #zg, IV in je c tio n s  o f n a tiv e  OVA a ls o  induces th e  form ation  

o f suppressor T c e l ls ,  however the  evidence fo r  th is  Is  s t i l l  in ­

d ir e c t ,  supported m ain ly by the fa c t  th a t suppression can be tra n s ­

fe rre d  by s p len ic  c e l ls .

One main d iffe re n c e  between the  UD-OVA and the  n a tiv e  OVA used 

in my s tu d ies  is th e  presence o f B c e l l  determ inants on the  n a tive  

OVA. For th is  reason, o th er a l te r n a t iv e  hypotheses to  exp la in  the  

desens 111z a t i on observed in my system might be considered .

One such hypothesis Is th a t the  m u lt ip le , high dose in je c tio n s  

o f so lu b le  an tig e n  Induce a high a f f i n i t y  IgG antibody which then  

e x e rts  a suppressive e f fe c t  on the  IgE response. I t  has been re ­
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ported th a t p a ss iv e ly  ad m in is te red , a n tig e n -s p e c if ic  IgG antibody  

from hyperimmune anim als w i l l  e x e rt a suppressive e f fe c t  on IgE 

responses to  the same an tig en  (71)«  The e f fe c t  was tra n s ie n t how­

e v e r, and only  las ted  u n t i l  the  tra n s fe rre d  antibody had been c a -  

ta b p llz e d . A ls o , th e  suppression was most e f fe c t iv e  when the pas­

s iv e  antibody was tra n s fe rre d  w ith in  2k  hr o f a c t iv e  im m unization. 

The p a ss iv e ly  adm in is tered  antibody could not te rm in a te  an e x is tin g  

IgE response or suppress a secondary IgE response.

These observations a re  in co n s is ten t w ith  the events seen when 

mice a re  d e se n s itized  w ith  m u lt ip le  In je c tio n s  o f n a tiv e  OVA, be­

cause both a p re -e x is t in g  and th e  secondary IgE response were shown 

to  be suppressed by the  tre a tm en t. A ls o , when a secondary c h a l­

lenge o f an tig en  Is g iven to  s e n s itiz e d  an im als , high le v e ls  o f IgE 

antibody a re  m aintained in  th e  presence o f extrem ely high lev e ls  o f 

PHA an tib o d y . The fo rego ing  argues ag a in s t the hypothesis th a t the  

observed suppression o f IgE responses by a d m in is tra tio n  o f m u ltip le  

IV In je c tio n s  o f an tig en  is  due to  an IgG antibody mediated mecha­

nism.

Another hypothesis th a t might be considered Is  the  s e le c t iv e  

induction  o f IgE B c e l l  to le ra n c e . However, In the  case o f p ro te in  

a n tig e n s , th e  induction  o f to le ran c e  in p re s e n s itize d  B c e l ls  has 

proved to  be d i f f i c u l t  to  accomplish ( 7 * 0 .  Some recent stud ies
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have shown th a t to le ran c e  In IgE B c e l ls  could be ach ieved , even 

a f t e r  p r io r  s e n s it iz a t io n , by DNP coupled to  non-immunogenic c a r ­

r ie r s  (6 2 , 7 5 ) ,  and th a t the dose o f to lerogen  req u ired  fo r  IgE 

to le ra n c e  induction  was less than th a t  requ ired  fo r  IgG to le ran ce  

induction  (7 5 ) .  I t  is  not known whether th is  dosage e f fe c t  ap p lies  

to  the induction  o f IgE B c e l l  to le ra n c e  to  p ro te in  an tig e n s ,

. Although the  induction  o f B c e l l  to le ran ce  cannot be ru led  

o u t, th e  fa c t  th a t the  suppression o f IgE , which Is  induced by 

m u lt ip le , IV in je c tio n s  o f an tig en  can be tra n s fe rre d  to  o ther a n i­

mals by s p le n ic  c e l ls  makes th is  mechanism as the on ly  exp lanation  

o f d e s e n s it iz a t io n  h ig h ly  u n lik e ly  and suggests very  s tro n g ly  the  

presence o f a suppressor c e l l .



S U M M A R Y

The re s u lts  o f th is  th e s is  can be summarized as fo llo w s :

1) The suppression o f IgE antibody responses by neonatal Iy  

in i t ia t e d  a n t i -#  treatm ent showed th a t IgE-form ing c e l ls  a re  de­

r iv e d  from the  same precursors! c e l !  as a re  the c e l ls  form ing  

o th e r c lasses o f Immunoglobulins.

2) Various ways o f inducing and re g u la tin g  IgE responses in  

B a lb /c  mice were compared. Immunization w ith  alum-adsorbed OVA 

over a wide dosage range Induced a high and p e rs is te n t IgE response. 

F a ilu r e  to  show a tra n s ie n t IgE response to  high doses o f an tigen  

may be re la te d  to  th e  In a b i l i t y  o f I mg alum to  com pletely react 

w ith  an excess o f p ro te in . Immunization w ith  alum-adsorbed DMP- 

ovaIbumln conjugates produced 2 d i f fe r e n t  p attern s  o f IgE responses 

re la te d  to  th e  hapten d e n s ity . This was thought to  be re la te d  to  

the  way In which these conjugates may be m etabo lized . Immunization 

w ith  one in je c t io n  o f OVA w ith  B. p e rtu s s is  fa i le d  to  induce IgE 

responses. A new means o f Inducing IgE responses by m u lt ip le  IP 

in je c tio n s  o f an tig en  was shown. A ls o , treatm ent w ith  n eo n a ta lIy  

In i t ia t e d  m u lt ip le  in je c tio n s  o f MRS suppressed subsequent immune 

responses to  Immunization w ith  alum-adsorbed OVA.

3) The s e le c t iv e  suppression o f IgE responses by 3 , IV in je c ­

tio n s  o f high doses o f s o lu b le  an tig en  given on days 3 , 5 , and 7 

a f t e r  p r io r  s e n s it iz a t io n  w ith  10 fig OVA +  I mg alum was shown to



be due, a t  le a s t In p a rt to  the generation  o f suppressor c e l ls  In  

th e  sp leen . Both antibody t i t e r s  and th e  number o f IgE producing 

c e l ls  were reduced to  undetectab le  le v e ls  by th is  tre a tm e n t. This  

phenomenon was an tig en  s p e c if ic  and very  dependent on the route  of 

a d m in is tra tio n . Whereas 100 (ig o f s o lu b le  an tig en  was very  sup­

p ress ive  when given IV , the same or 1 0 -fo ld  h igher doses were only  

s l ig h t ly  suppressive when given IP , However, an o p tim a lly  Immuno­

genic dose, 10 jug, given IV , Induced s ig n if ic a n t  suppression. Sec­

ondary responses were a ls o  a ffe c te d  by th is  trea tm en t.
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