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S p e c i f i c  a n d  N o n - S p e c i f i c  I m m u n o g l o b u l i n  S y n t h e s i s  in  G e r m f r e e  M i c e  I m m u n i z e d  w i t h  F e r r i t i n  
b y  D i f f e r e n t  R o u t e s  

I t  h a s  r epea t ed ly  been  r epo r t ed  t h a t  t he  in jec t ion  of a 
specific an t i gen  in to  a n  a n i m a l  is fol lowed b y  t he  ap- 
pearance ,  in  t h e  serum, of increased  a m o u n t s  of i m m u n o -  
g lobul ins  wh ich  a p p a r e n t l y  h a v e  no b i n d i n g  capac i ty  for 
t h e  a n t i g e n 1 - <  E x c e p t  in  t he  work  of ASOFSKY et  al. ~ 
wh ich  descr ibed  non-specif ic  increases  of IgM in  germfree  
mice  i m m u n i z e d  w i t h  ferr i t in ,  l i t t l e  i n f o r m a t i o n  is 
ava i l ab le  on  t h e  i m m u n o g l o b u l i n  classes to  wh ich  such  
' n o n - a n t i b o d y '  g a m m a  globul ins  belong.  

The  p r e sen t  i nves t iga t ion  was  car r ied  ou t  w i t h  t h e  a im  
of assessing, a f t e r  i m m u n i z a t i o n ,  t h e  share  in  a n t i b o d y  
a n d  ' n o n - a n t i b o d y '  f o r m a t i o n  of 4 i m m u n o g l o b u l i n  
classes (IgG1, IgGz, IgM, a n d  IgA) in t h e  mouse.  Germ-  
free mice  were chosen  for  th i s  purpose  because  of t h e i r  
low base- l ine  levels  of immunog lobu l in s .  

Germfree  Call  mice, aged 3-4 m o n t h s  were d iv ided  in to  
5 g roups  a n d  i m m u n i z e d  w i t h  horse  spleen fe r r i t in  (F1RT) 
as follows : (a) 5 mice  rece ived  1 • 1 m g  F R T  i.p. ; (b) 4 
mice  1 •  1 m g  F R T  s.c.; (c) 4 mice  3 • 1 m g  F R T  s.c.; 
(d) 4 mice  3 • 1 m g  F R T  i.p., a n d  (el 4 mice  10 m g  F R T  
per  ml  d r i n k i n g  w a t e r  for 38 days.  

The  f i rs t  (or only) in j ec t ion  in each  series was  admin i s -  
t e red  as a n  emuls ion  in F r e u n d ' s  i ncomple t e  a d j u v a n t .  
I n  those  mice  rece iv ing  more  t h a n  1 in ject ion,  an t i gen  
was g iven  a t  10-day in te rva l s .  P a r e n t e r a l l y  i m m u n i z e d  
mice  were  ki l led 10 days  fol lowing t h e  las t  (or only) 
in ject ion.  Ora l ly  s t i m u l a t e d  an i m a l s  were kil led 18 h a f t e r  
r e m o v a l  of fe r r i t in  f rom t h e  d r ink ing  water .  Cont ro ls  
inc luded  an ima l s  h a v i n g  rece ived  incomple t e  a d j u v a n t  
s.c. or i.p., as well  as 1 non - in j ec t ed  mouse.  Se rum was 
col lected b y  ca rd iac  p u n c t u r e  and  s to red  a t  4 ~ u n d e r  
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Fig. 1. Quantitative analysis of serum IgG 1 before and after removal 
of specific anti-ferritin antibody. The solid horizontal line represents 
the maximum concentration of this immunoglobulin found in the 
serum of non-immunized germfree C3H mice. s.c., subcutaneous; 
i.p., intraperitoneat; oral, ferritin in drinking water; Control: 24, 
Freund's incomplete adjuvant (1 • s.c.); 25, non-injected; 26, 
Freund's incomplete adjuvant (1 • i.p.). 

pa ra f f in  oil, a f t e r  add i t i on  of 0.1% sod ium azide. This  
m e t h o d  of s torage  ef fec t ively  p r e v e n t e d  c o n c e n t r a t i o n  of 
t h e  samples  t h r o u g h  evapora t ion .  

A de ta i led  accoun t  of t he  m e t h o d  employed  for t h e  
q u a n t i t a t i o n  of i m m u n o g l o b u l i n s  a n d  specific a n t i b o d y  
p re sen t  in  d i f fe ren t  i m m u n o g l o b u l i n  classes ha s  been  
p re sen t ed  elsewhere% Brief ly,  t he  m e t h o d  measures  t h e  
a m o u n t s  of each  i m m u n o g l o b u l i n  r e m a i n i n g  in t he  se rum 
sample  a f te r  specific a n t i b o d y  ha s  been  e l imina ted  b y  t he  
add i t i on  of excess an t i gen  (FRT),  fol lowed b y  r e m o v a l  of 
t h i s  an t i gen  b y  m e a n s  of a he te ro logous  ( r abb i t  an t i -  
F R T )  an t i s e rum.  N o n - p r e c i p i t a t i n g  as well  as p rec ip i t a t -  
ing an t ibod ie s  are  measu red  b y  th i s  t echn ique .  The  
q u a n t i t a t i o n  of t he  4 s e rum immunog lobu l i n s ,  before  and  
a f te r  e l imina t ion  of specific an t i body ,  was  car r ied  ou t  b y  
t he  single r ad ia l  i m m u n o d i f f u s i o n  me thod% us ing  a pool  
of n o r m a l  (convent ionM) C~FI. mouse  s e rum as t h e  

1 W. C. BOYD and H. BERNARD, J. Immun. 33, 111 (1937). 
2 B. A. ASKONAS and J. H. HUMPHREY, Bioehem. J. 58, 252 (1958). 
a R. A. BINAGHI, J. Immun. 97, 159 (1966). 
4 R. ASOFSKY, N. S. IKARI and M. B. HYLTON, Advances in Germ- 

free Research and Gnotobiology (Ed. M. MIYAKAWA and T. D. 
LIJCKEY; CRC Press, Cleveland 1968), p. 219. 
D. R. NASH and J. F. HEREMA~S, Immunology 17, 685 (1969). 

6 G. MANClNI, A. O. CARBONARA and J. F. HEREMANS, Immuno- 
chemistry 2, 235 (1965). 
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Fig. 2. Quantitative analysis of serum IgG 2 before a n d  a f t e r  removal 
of specific anti-ferritin antibody. See Figure 1. 
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standard for all Ig classes. The values given by BARTH 
et al. ~ for the concentrations of the different classes of 
immunoglobulins in normal Call mice were assumed to 
apply to this standard serum pool. The technical error of 
this method was found to be • 3% throughout a broad 
range of concentrations and for all 4 immunoglobulins 
tested. 

The concentrations of IgGz, IgG2, IgM, and IgA in the 
different groups of animals and their controls, before and 
after elimination of specific an t i -FRT antibodies, are 
graphically represented in Figures 1-4. Each value is 
indicated by a rectangle corresponding to the • 3% 
range about the actual measurement. Differences 
between pre- and post-absorption values (black and 
white rectangles, respectively) are assumed to measure 
antibody whenever there is no overlapping between the 
indicated confidence limits. 

Preliminary observations (unpublished} have shown 
that  the immunoglobulin levels in germfree CsH mice, 
when determined as a percentage of the same immuno- 
globulin concentration in normal conventional Call mice, 
range as follows: IgG~, 0-10%; IgG~, 0-10%; IgM, 100 
130%; IgA, 0-5%. In  the test sera, immunoglobulin 
levels remaining after absorption (white rectangles) and 
exceeding the upper limits indicated above (horizontal 
lines in Figures 1-4), were considered to represent non- 
specific stimulation. 

In  all the 10 animals-from the parenterally immunized 
group (19 mice) which had developed an antibody 
response, specific anti-ferritin activity could be allocated 
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Fig. 3. Quantitative analysis of serum IgM before and after removal 
of specific anti-ferritin antibody. See Figure 1. 

to the IgG 1 class of serum immunoglobulins. All the mice 
that  had received 3 injections of FIRT (Nos. 12-19) had 
responded by producing ant i -FRT of this type (Figure 1). 
'Non-ant i -FRT IgG]' was found to be increased in all 
animals which had developed an IgG 1 type antibody 
response. In  addition, some of the mice (Nos. 3, 9 and 22) 
not responding with measurable antibody of this class 
had serum IgG 1 levels slightly higher than that  normally 
found in the germfree non-immunized mouse (Figure 1). 

In  all but  one of the animals having developed anti- 
F RT  of the IgG 1 class (No. 14), antibodies of similar 
specificity could also be detected in the IgG2 class. Again, 
the best responses were those obtained after repeated 
parenteral immunization (Figure 2). An increase in 'non- 
ant i -FRT IgG~' was noted in all sera having antibody 
of this class, as well as in 3 parenterally stimulated mice 
receiving 1 mg FRT (Nos. 3, 8 and 9). 3 orally stimulated 
animals (Nos. 20, 21 and 23) which failed to develop 
detectable ant i -FRT IgG~, did develop higher than 
expected levels of this immunoglobulin (Figure 2). 

Serum antibody of the IgM class could be detected in 
only 4 animals (Nos. 13, 14, 17 and 19) and these had 
been stimulated by multiple injections of antigen 
(Figure 3). Large increases in 'non-ant i -FRT IgM' were 
found in those animMs that  had received a single i.p. 
injection of antigen in incomplete adjuvant  (Nos. 6-11). 
Smaller rises of 'non-ant i -FRT IgM' were observed in 
several other parenterally stimulated animals, but  no 
obvious correlation seemed to exist between the presence 
of specific antibody and 'non-ant i -FRT IgM'. One orally 
stimulated mouse (No. 22) which showed a slight increase 
in IgG 1 but  not IgG~, had also developed a small amount  
of 'non-ant i -FRT IgM' (Figure 3). 

Antibodies of the IgA class could be demonstrated in 
the serum of 2 out of the 19 mice immunized by the 
parenteral route. Both had received their antigen i.p. 
(Nos. 11 and 16). In  the orally stimulated group, 2 of the 
4 mice had produced measurable amounts of serum IgA 
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Fig. 4. Quantitative analysis of serum IgA before and after remova 
of specific anti-ferritin antibody. See Figure I. 
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w i t h  a n t i - F R T  specif ic i ty  (Figure 4). The  rise of ' non-  
a n t i - F R T '  t h o u g h  smal l  in  compar i son  w i t h  t h a t  of ' non-  
a n t i - F R T '  f rom o t h e r  classes, was  a c o n s t a n t  f ea tu re  of 
all b u t  4 i m m u n i z e d  an i m a l s  regardless  of t h e  rou t e  of 
a d m i n i s t r a t i o n  of t h e  a n t i g e n  (Figure 4). 

The  d a t a  r ecorded  he re  for  IgG 1 a n d  I gG  2 agree  w i t h  
p rev ious  r epor t s  of s imi la r  s tud ies  on  c o n v e n t i o n a l  
mice v-8 a n d  m i n i m a l l y  c o n t a m i n a t e d  mice  5 g iven  fe r r i t in  
b y  t h e  p a r e n t e r a l  route .  I n  add i t ion ,  specific a n t i b o d y  
of t he  IgM a n d  IgA types  were found  in some of t he  i.p. 
i m m u n i z e d  an imals .  T he  d a t a  of SELL ~ a n d  BAZlN 1~ 
sugges t  t h a t  h ighe r  a n t i b o d y  t i t e r s  m i g h t  h a v e  been  
o b t a i n e d  in those  mice  rece iv ing  a single an t i gen  dose, 
h a d  longer  i n t e rva l s  s e p a r a t e d  t he  b leed ing  f rom t h e  
i m m u n i z i n g  in jec t ion .  

T h e  a n t i b o d y  response,  in ora l ly  s t i m u l a t e d  mice, 
be ing  conf ined  to t h e  I gA  class, f u r t h e r  emphas izes  t he  
role of the  IgA-p roduc ing  l y m p h o i d  t i ssue  of t he  gu t  in  
t he  i m m u n o l o g i c a l  response  to an t igen ic  m a t e r i a l  p r e sen t  
in  t he  i n t e s t i n a l  lumen .  

This  r epo r t  also ind ica tes  t h a t  increases  in  i m m u n o -  
g lobul ins  n o t  r eac t i ng  w i t h  t he  an t i gen  f r e q u e n t l y  occur  
in  all i m m u n o g l o b u l i n  classes, t h o u g h  t h e y  are  p ropor -  
t i o n a t e l y  m o s t  p r o n o u n c e d  w i t h  IgM. 

Rdsumd. Apr6s in jec t ion  de fe r r i t ine  de cheval ,  des 
souris  Call  ax6n iques  d6ve lopp6ren t  des an t i co rps  
c i rcu lan t s  a ins i  que des i m m u n o g l o b u l i n e s  sans  af f in i t6  
pou r  l ' an t ig6ne  darts c h a c u n e  des classes : IgA, IgM, lgG1, 
e t  IgG 2. Apr6s i m m u n i s a t i o n  orale,  la  r6ponse sp6cifique 
fur  e x c l u s i v e m e n t  du  t y p e  IgA, et  la r6ponse  non-  
sp6cif ique p r i n c i p a l e m e n t  du  t y p e  IgG 2 et  IgA. 
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A n t i - H a p t e n  A n t i b o d i e s  in the  S e r u m  and B r o n c h i a l  S e c r e t i o n s  of D o g s  F o l l o w i n ~  R e s p i r a t o r y  
T r a c t  I m m u n i z a t i o n  

D u r i n g  t h e  p a s t  few years  cons iderab le  i n f o r m a t i o n  has  
a c c u m u l a t e d  conce rn ing  t h e  sec re to ry  i m m uno log i c  
sys tem.  I t  h a s  been  d e m o n s t r a t e d  t h a t  IgA is t he  pre-  
d o m i n a n t  i m m u n o g l o b u l i n  in t h e  secre t ions  of m a n  1-3, 
r abb i t s4 ,  ~ and  dogs 6. 

I t  now  appea r s  possible  to  se lect ively  s t i m u l a t e  t he  
r e s p i r a t o r y  secre t ion  immuno log ic  s y s t e m  in m a n  and  to 
o b t a i n  p r o t e c t i o n  aga ins t  c e r t a i n  v i r a l  infec t ions  7,s. 
Only  a single r epo r t  exis ts  showing  ti le local  i n d u c t i o n  of 
sec re to ry  IgA a n t i b o d y  d i rec ted  t o w a r d  a def ined  an t i -  
genic d e t e r m i n a n t .  These  inves t iga to r s  found  t h a t  an t i -  
d i n i t r o p h e n y l  (DNP) a n t i b o d y  of t h e  secre tory  IgA class 
can  be  el ic i ted b y  local  in j ec t ion  of t he  an t i gen  in to  r a b b i t  
m a m m a r y  t i ssue  9. 

The  pu rpose  of th i s  i nves t i ga t i on  was to s t i m u l a t e  t he  
p r o d u c t i o n  of sec re to ry  anti-h~Cpten a n t i b o d y  a n d  if 
possible  to  specif ical ly pur i fy  a n d  cha rac t e r i ze  t he  
an t i body .  

Materials and methods. 3 a d u l t  mongre l  dogs were used 
for th i s  s tudy .  I m m u n i z a t i o n  and  t he  col lec t ion of b lood  
a n d  b r o n c h i a l  secre t ions  were done  whi le  t he  dogs were 
u n d e r  sod ium p e n t o t h a l  anes thes ia .  To o b t a i n  b r o n c h i a l  
secret ions,  10 ml  of p h o s p h a t e  buf fe red  sal ine was ins t i l led  
v ia  a b ronchoscope  and  i m m e d i a t e l y  r e m o v e d  b y  suct ion.  
A p p r o x i m a t e l y  6 ml  was recovered  f rom each  dog. The  3 
washes  were  pooled,  homogen ized  in a t i ssue  gr inder ,  
cen t r i fuged  and  c o n c e n t r a t e d  to  3 ml.  S e r u m  samples  
were also pooled (equal  vo lumes  f rom each  dog). 

D u r i n g  a 12-week  per iod  t he  dogs rece ived  3 in t r a -  
t r a c h e a l  in jec t ions  of 2.5 nag 2 , 4 - d i n i t r o p h e n y l a t e d  key-  
hole  l i m p i t  h e m o c y a n i n  ( D N P - K L H ) .  4 weeks  l a t e r  
a n o t h e r  i n t r a t r a c h e a l  i n j ec t ion  was g iven  a n d  D N P - K L H  
was a d m i n i s t e r e d  b y  aerosol.  Samples  of b lood  a n d  
b r o n c h i a l  secre t ions  were o b t a i n e d  3 weeks  l a t e r  a n d  an  
a d d i t i o n a l  10 m g  D N P - K L H  was g i v e n  v ia  a b roncho -  
scope. Blood a n d  b r o n c h i a l  washes  were o b t a i n e d  5 weeks 
fol lowing t he  f ina l  an t igen ic  chal lenge.  

Sera  and  b r o n c h i a l  washes  were assayed  for  a n t i - D N P  
a c t i v i t y  us ing  a modi f ied  p h a g e  n e u t r a l i z a t i o n  assay,  
e m p l o y i n g  DNP-T~ b a c t e r i o p h a g e  con juga t e s  1~ The  
specif ic i ty  of t he  n e u t r a l i z a t i o n  r eac t i on  was  d e t e r m i n e d  
by :  (a) p r e i n c u b a t i n g  d i lu t ions  of selected samples  w i t h  
2 •  1 0 - ~ M  e-DNP-capro ic  acid for 1 h a t  37~ a n d  com- 
pa r ing  t h e  neu t r a l i z i ng  capac i t y  w i t h  s e rum and  b r o n c h i a l  
a l iquo ts  d i lu ted  w i t h  sal ine in p l a c e  of t h e  h a p t e n  in- 
h i b i t o r ;  (b) t e s t i ng  samples  aga in s t  u n c o n j u g a t e d  Ta 
bac te r iophage .  

One  i m m u n e  se rum pool  was  assayed  in o rder  to  es tab-  
l ish  t he  k ine t ics  of D N P - T  4 neu t r a l i za t ion .  The  F igure  
shows t h a t  u n d e r  t he  cond i t ions  of these  e x p e r i m e n t s  
n e u t r a l i z a t i o n  fol lowed f i r s t -o rder  k ine t ics  for  a t  leas t  
10 min .  T h u s  all  s amples  were a s sayed  us ing  10 m i n  
n e u t r a l i z a t i o n  t imes .  The  p o t e n c y  of t he  va r ious  samples  
is expressed  in t e r m s  of t he  r a t e  c o n s t a n t  for  p h a g e  
i n a c t i v a t i o n  : 

K = - in  (P/Po) 
CA T 

where  p = n u m b e r  of p l aques  a t  t i m e  t; P0 = n u m b e r  of 
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