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A STUDY OF AKTI-ÏÏUCLEAE ANTIBODIES IN MICE 

CHAPTER I  

INTRODUCTION AND HISTORY 

A n ti-n u c le a r  A ntibod ies In  Man

C h a ra c te r iz a tio n  of A n ti-n u c le a r  A ntibodies 

The b a s is  f o r  th e  s tudy  of autoimmune a n t l-n u c le a r  an tib o d ie s  

re a c t iv e  w ith  au to logous n u c lea r m a te r ia ls  was prov ided  by Hargraves 

e t  a l . ( 19^8 ) In  a r e p o r t  which d e sc rib e d  an unusual c e l l  p re se n t In  

samples of bone marrow d e riv ed  from p a t ie n ts  w ith  system ic lupus e ry ­

them atosus (SLE). T his c e l l  was named th e  lupus erythem atosus (LE) 

c e l l .  T yp ica l LE c e l l s  were no t found In  f re s h  samples of bone marrow 

b u t appeared In  samples o f bone marrow a f t e r  In cu b a tio n  a t  37° C. They 

were d esc rib e d  as polym orphonuclear leukocy tes co n ta in in g  a la rg e  mass 

In  t h e i r  cytoplasm  which s ta in e d  dark  p in k  to  pu rp le  w ith  W rig h t's  

s t a i n .  I t  was soon dem onstrated  th a t  LE c e l l  p re p a ra tio n s  could be ob­

ta in e d  a ls o  w ith  p e r ip h e ra l  b lood samples (F ish e r  and Moyer, 1950;

S uksta  and Conley, 1951; M offa tt e t  ^ . ,  1950). F u rth e r In v e s tig a tio n s  

suggested  th a t  th e  on ly  f a c to r  c o n tr ib u te d  by th e  b lood  specimen was 

serum. Leukocytes used  In  th e  t e s t  could  be ob ta ined  from th e  blood of 

ano th er In d iv id u a l,  as w e ll  as from o th e r  mammalian sp ec ie s  (Lee e t  a l . ,  

I 95I ;  C arre ra  e t  a l . ,  195^; H aserlck , 1956). Subsequent In v e s tig a tio n s

1
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■revealed th a t  the:.serum  f a c to r  re s p o n s ib le  fo r  LE c e l l  fo rm ation  was 

a s so c ia te d  w ith  th e  gam ma-globulin f r a c t io n  of serum as shown by mov­

ing  boundary e le c tro p h o re s is  (H aserick  e t  a l . ,  1950), s ta rc h  e l e c t r o ­

p h o re s is  (Holman and Kunkel, 1957), s a l t  f r a c t io n a t io n  (H aserick  and 

Lewis, 1950) ,  and c e l lu lo s e  column ion  exchange (W illkens e t  a l . ,  1958; 

F a l l e t  e t  1958). I t  was a ls o  dem onstrated by F a l l e t  and a s s o c i­

a te s  ( 1958) th a t  th e  LE c e l l  f a c to r  was found only  in  th e  IgG f r a c t io n  

of th e  im m unoglobulins. C o n f lic tin g  claim s have been made concerning 

th e  ro le  o f complement in  LE c e l l  fo rm atio n . Form ijne and van Horen 

( 1958) re p o rte d  th a t  complement i s  re q u ire d  fo r  th e  fo rm ation  of LE 

c e l l s ,  a lthough th i s  had been denied  e a r l i e r  by Lee e t  ( 1951) .

Follow ing th e  re p o r ts  th a t  th e  serum of SLE p a t ie n ts  would i n ­

duce LE c e l l  fo rm atio n , M iescher and Fauconnet (l9 5 ^ ) showed th a t  th e  

LE f a c to r  could be com plete ly  removed from SLE s e ra  by ab so rp tio n  w ith  

c e l l  n u c le i ob ta ined  from numerous anim al and human t i s s u e s  and sug­

g e s te d  th a t  th e  LE c e l l  f a c to r  was a t r u e  au to an tib o d y . The re a c tio n  

of th e  LE c e l l  f a c to r  and c e l l  n u c le i was shown to  f i x  complement 

(Robbins e t  , 1957; Holman and Kunkel, 1957)« The serum f a c to r  th a t  

r e a c ts  w ith  c e l l  n u c le i was shown to  be a n t ig e n ic a l ly  s im ila r  to  gamma­

g lo b u lin  ( Holborow e t  a l . ,  1957; F rio u  e t  a l . ,  1958). More re c e n t 

s tu d ie s  have shown th a t  a n t i - n u c le a r  a n tib o d ie s  may e x i s t  in  a l l  c la s s e s  

of immunoglobulins ( B arn e tt e t  a l . ,  196U) in  c o n tra s t  to  th e  LE c e l l  

f a c to r  which i s  found only  in  th e  IgG f r a c t io n .  When deoxyribonucleo- 

p ro te in  (DHP) p repared  from c e l l  n u c le i of c a l f  thymus was used in  ab­

so rp tio n  t e s t s ,  th e  r e s u l t s  suggested  th a t  th e  LE c e l l  an tibody  was 

p robab ly  s p e c if ic  f o r  DNP ( Holman and Kunkel, 1957; F rio u , 1958). DNP
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ab so rp tio n  com pletely  removed th e  LE c e l l  f a c to r ,  whereas ab so rp tio n s  

w ith  deoxyribonucleic  ac id  (DNA) and h is to n e  were in e f f e c t iv e .  How­

ev er, o th e r immunologic t e s t s  have shown th a t  th e  serum of p a t ie n ts  

w ith  SLE may co n ta in  a  v a r ie ty  o f a n t i-n u c le a r  a n tib o d ie s  o th e r  than  

th e  LE c e l l  f a c to r .  The fo llow ing  components of c e l l  n u c le i have been 

c le a r ly  id e n t i f ie d  as re a c tin g  w ith  d i f f e r e n t  a n t i -n u c le a r  a n tib o d ie s ; 

DNP, DNA, and h is to n e  (Robbins e t  a l . ,  1957; A isenberg , 1959)- The p re ­

dominant methods th a t  have been used to  dem onstrate th e  m u l t ip l ic i ty  of 

a n t i-n u c le a r  a n tib o d ie s  in  SLE s e ra  a re  complement f ix a t io n ,  p r e c i p i t i n  

or a g g lu tin in  fo rm ation , and f lu o re s c e n t an tibody .

Anti-DNP an tib o d ie s  have been found in  alm ost a l l  s e ra  from 

p a t ie n ts  w ith  SLE th a t  have been te s te d  w ith  DNP in  a complement f i x a ­

t io n  t e s t  (Holman and Kunkel, 1957) or th e  DNP im m unofluorescent spo t 

t e s t  ( F rio u , 1958; F riou  e t  1958; C asals e t  a l . ,  1964). S era con­

ta in in g  th i s  f a c to r  produce th e  homogeneous type of n u c lea r immunofluo­

rescence (Lachmann, 1964). A bsorption o f th e se  s e ra  w ith  DNP w i l l  r e ­

move th e  DNP re a c tiv e  an tib o d ie s  and a speckled type of n u c lea r immuno­

flu o resce n ce  w i l l  sometimes remain ( Lachmann and Kunkel, 1961) . A n ti- 

DNP an tib o d ie s  have a lso  been found in  th e  serum of p a t ie n ts  w ith  o th e r 

connective t i s s u e  d is e a s e s , b u t th e  inc idence  and th e  t i t e r s  a re  much 

lower than  in  p a t ie n ts  w ith  SLE ( C asals e t  a l . , 1964).

A sm alle r percen tage  of SLE s e ra  have been shown to  co n ta in  

anti-DNA a n tib o d ie s  in  a d d itio n  to  anti-DNP a n tib o d ie s . Anti-DNA a n t i ­

bod ies were f i r s t  d e te c te d  in  complement f ix a t io n  t e s t s  w ith  c a l f  th y ­

mus DNA (Holman and Kunkel, 1957; Robbins ^  a l . ,  1957; C ep p e llin i 

e t  a l . , 1957; C asals e t  a ^ . ,  I963 ). A bsorption experim ents have
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dem onstrated th a t  a lthough  DM w i l l  remove th e  an ti-D M  an tib o d y , i t '  

w i l l  not remove th e  LE c e l l  prom oting f a c to r  or th e  an ti-D M  an tibody  

re sp o n s ib le  fo r  th e  homogeneous p a t te rn  of n u c lea r im munofluorescence. 

Although th e  complement f ix a t io n  t e s t  has been the  most w idely  used 

t e s t  to  d e te c t  anti-DMA an tibody  a c t iv i t y ,  C asals e t  ( 1963) found 

tl ia t  many SLE se ra  co n ta in in g  an ti-D M  a n tib o d ie s  a re  anticom plem entary 

and thus u n su ita b le  fo r  th e  t e s t .  They a lso  found th a t  SLE s e ra  con­

ta in in g  anti-DMA an tib o d ie s  produced a "shaggy" p a t te rn  o f n u c lea r 

immunofluorescence which was no t produced by se ra  lack in g  th i s  a n t i ­

body. By using  an tibody  ob ta ined  from DMA-anti-DNA p r e c ip i ta te s ,  th ey  

found th a t  anti-DMA antibody  was re sp o n s ib le  fo r  th e  shaggy s ta in in g  

p a t te rn .  The au tho rs  a lso  suggested  than  anti-DMA a n tib o d ie s  never 

occur in  s e ra  in  th e  absence of anti-DNP a n tib o d ie s . The re p o r ts  of 

S to l l a r  and L e/ine  ( 1961) and S to l l a r ,  Levine and a s s o c ia te s  ( 1962) 

in d ic a te d  th a t  s in g le -s ta n d e d  or denatu red  DMA i s  su p e r io r  to  double­

s tran d ed  DMA when used as an a n tig en  in  q u a n t i ta t iv e  p r e c ip i t in  or 

complement f ix a t io n  t e s t s  w ith  anti-DMA a n t i s e r a .  I n h ib i t io n  of com­

plem ent f ix a t io n  was ob ta ined  w ith  a wide v a r ie ty  of n u c le o tid e s  and 

p u rin e  d e r iv a t iv e s .  The g r e a te s t  in h ib i to ry  a c t i v i t y  was ob ta ined  w ith  

a p e n ta n u c le o tid e . Some se ra  had an tib o d ie s  r e a c t iv e  p r im a r ily  w ith  

aden ine; o th e rs  were more re a c t iv e  w ith  thym idine. S ince th e se  r e s u l t s  

in d ic a te d  th a t  th e  anti-DMA a n tib o d ie s  were s p e c if ic  fo r  th e  p u rin e  

and pyrim id ine bases in  DMA, Kunkel and Tan (1964) proposed th a t  th i s  

could  ex p la in  th e  g r e a te r  r e a c t iv i t y  of s e ra  w ith  s in g le -s tra n d e d  DMA, 

due to  th e  exposure of th e se  groups in  th e  s in g le -s tra n d e d  c o n f ig u ra tio n . 

DMA from 40 sources has been shown to  r e a c t  w ith  c e r ta in  SLE se ra
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( LevineJ 1963) .  Q u a n tita tiv e  d if fe re n c e s  were observed in  th e  e x te n t 

of th e se  r e a c t io n s .  The d if fe re n c e s  were a sc r ib e d  to  v a r ia t io n  in  th e  

s p e c i f i c i t y  o f th e  a n tib o d ie s  and to  v a r ia t io n  in  th e  DNA p re p a ra tio n s  

w ith  re s p e c t to  th e  e x te n t of s in g l e -s tran d ed  a rea s  on th e  DNA mole­

c u le s . Anti-DNA a n tib o d ie s  have been shown to  be a c t iv e  in  p a ss iv e  

cutaneous anaphy lax is  ( D eicher e t  i 960 ) .

P a th o lo g ic  S ta te s  A ssocia ted  w ith  A n ti-n u c le a r  A ntibodies

The r e s u l t s  of s e v e ra l  c l i n i c a l  s tu d ie s  have been in te rp r e te d  

to  in d ic a te  t h a t  a n t i - n u c le a r  a n tib o d ie s  a re  not s ig n i f ic a n t  in  th e  

p ath o g en esis  of SLE. N egative LE c e l l  t e s t s  w ith  th e  blood of SLE 

p a t ie n ts  have been re p o rte d  by Dubois ( 1956). Many of th e  p a t ie n ts  who 

had n eg a tiv e  t e s t s  had h igh  t i t e r s  of a n t i -n u c le a r  an tibody  a c t iv i t y  in  

t h e i r  s e ra  as in d ic a te d  by v a rio u s  im m unofluorescent t e s t s  (F rio u  e t  a l . , 

1958, and C asals e t  a l . ^  1964). I t  has a lso  been suggested  th a t  a n t i -  

n u c lea r  a n tib o d ie s  do no t a p p a re n tly  c ro ss  th e  c e l l  membrane in to  l i v ­

ing c e l l s  in  a b io lo g ic a l ly  a c t iv e  form to  r e a c t  w ith  n u c le a r  an tig en s  

( C asals e t  a l . , 1964). However, a claim  to  th e  c o n tra ry  w ithou t pub­

l is h e d  d a ta  has been made in  a review  by Kunkel and Tan (1964). Beck 

and Rowell ( 1963) have re p o r te d  th a t  newborn in fa n ts  born  of m others 

having SLE a re  u s u a lly  no t a f f e c te d ,  even though th e  LE f a c to r  i s  p r e ­

se n t in  th e  i n f a n t 's  b lood  f o r  approx im ate ly  7 weeks. The t r a n s fu s io n  

o f human serum c o n ta in in g  a n t i-n u c le a r  a n tib o d ie s  in to  normal in d iv id ­

u a ls  (Bencze e t  a l . , 1958) and dogs (Bencze and Ludanyi, 1960) d id  no t 

r e s u l t  in  d e te c ta b le  p a th o lo g ic  changes or d ise a se  o th e r th an  LE c e l l  

fo rm ation  ^  v i t r o . These re p o r ts  suggest th a t  a n t i-n u c le a r ,  a n tib o d ie s
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a re  n o t invo lved  in  th e  path o g en esis  of SLE and a re  th e re fo re  n o t im­

p o r ta n t .  O ther r e p o r ts ,  however, have s tre s s e d  th e  p o s s ib le  s i g n i f i ­

cance of s p e c if ic  a n t i -n u c le a r  a n tib o d ie s . I t  has been su ggested , fo r  

example, th a t  th e  p resence o f a n t i-n u c le a r  an tib o d ie s  in  an in d iv id u a l 

in d ic a te s  an abnorm ality  in  th e  immunocompetent c e l l s  and a p o te n t ia l  

cause of d ise a se  (Dameshek, 1963). F riou  ( 1958) and C asals e t

( 1964) re p o rte d  a h igh  inc id en ce  of anti-DNP ( c a l f  thymus) a n tib o d ie s  

in  th e  s e ra  of SLE p a t ie n t s .  Low t i t e r s  of an tibody  a c t i v i t y  were 

a lso  found in  a  sm all number of p a t ie n ts  w ith  o th e r  connective  t i s ­

sue d is e a s e s .  Although C asals e t  a l .  (1964) suggested  th a t  th e re  

was a g e n e ra l c o r r e la t io n  between h igh  t i t e r s  of anti-DNP an tibody  

a c t iv i t y  and acu te  SLE, i t  had been shown p re v io u s ly  th a t  c e r ta in  

p a t ie n ts  may have h igh  t i t e r s  of an tibody  a c t iv i t y  w ithou t showing e v i ­

dence of acu te  d ise a se  (F r io u , 1958; Townes e t  ^ . ,  I963 ) . The p o ss ib le  

im portance o f anti-DNA a n tib o d ie s  in  acu te  SLE has been d iscu ssed  by 

C asals and a s s o c ia te s  (1964) and by o th e rs  (Seligm an and Milgrom, 1957; 

Kayhoe e t  a d . ,  I960 ).  In  support o f th e  concept th a t  anti-DNA a n t i ­

bod ies may be invo lved  in  acu te  d is e a s e , C asals e t  (1964) d e sc rib e d  

a s tudy  of 37 p a t ie n ts  w ith  SLE, of whom only  19 had anti-DNA a n tib o d ie s , 

and th e se  were th e  only  p a t ie n ts  who were a c u te ly  i l l  or had a h is to ry  

of severe  i l l n e s s  b e fo re  tre a tm e n t. Anti-DNA an tibody  a c t iv i t y  was not 

found in  th e  s e ra  of e i th e r  normal in d iv id u a ls  or tho se  w ith  o th e r  con­

n e c tiv e  t i s s u e  d is e a s e s .  C onsidering th e  o b se rv a tio n s  th a t  serum comple­

ment le v e ls  a re  low in  p a t ie n ts  w ith  acu te  SLE (Townes e t  a l . ,  1963) as 

w e ll as in  serum s ick n ess  (Germuth, 1953; McClusky e t  a l . ,  I96O; Dixon,

1963) ,  i t  has been suggested  by C asals e t  a l .  (1964) th a t  complement
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could have been removed by a n tig e n -a n tib o d y  complexes (p o s s ib ly  DNA-anti- 

DNA) and "may p la y  a cau sa l ro le  in  th e  p roduction  of some of th e  mani­

f e s ta t io n s  of acu te  d is e a s e , g lo m eru lo n ep h ritis  and v a s c u l i t i s " .  Dixon 

( 1963) dem onstrated th a t  chronic g lo m eru lo n ep h ritis  developed only  in  

anim als making sm all amounts of an tibody  which allow ed so lu b le  a n tig e n -  

an tibody  complexes to  develop du ring  serum s ic k n e ss . I t  was sp ecu la ted  

by th e  au thor th a t  in d iv id u a ls  making a sm all an tibody  response could 

be p a r t i c u la r ly  prone to  develop c e r ta in  p a th o lo g ic  le s io n s  in  t i s s u e s  

th a t  do not have any a n tig e n ic  r e la t io n s h ip  to  th e  a n tig e n  invo lved .

A n ti-n u c lea r  A ntibodies in  Experim ental Animals

A ntibodies Induced by Immunizations

A number of claim s have been made th a t  im m unizations w ith  DNP- 

or DNA-containing m a te r ia ls  induce c e r ta in  experim en ta l anim als to  p ro ­

duce a n tib o d ie s  r e a c tiv e  w ith  au tologous n u c le a r  c o n s ti tu e n ts  o r n u c le i 

from o th e r so u rces . B lix  e t  ( l9 5 ^ ) re p o rte d  th a t  th e  s e ra  of ra b ­

b i t s  hyperimmunized w ith  crude p re p a ra tio n s  of DNA from c a l f  thymus or 

Mycobacterium tu b e rc u lo s is  con ta ined  a n tib o d ie s  th a t  re a c te d  in  a com­

plement f ix a t io n  t e s t  w ith  th e  s p e c if ic  m a te r ia l  used f o r  im m unization, 

b u t d id  no t c ro s s - re a c t  w ith  o th e r  DNA p re p a ra tio n s . P h i l l ip s  and 

a s s o c ia te s  ( 1958) immunized r a b b its  w ith  12 in je c t io n s  o f B ru ce lla  

abo rtu s DNA e x tra c t  co n ta in in g  25^ p ro te in .  In  g e l  d if fu s io n  th e  a n t i ­

s e ra  produced p r e c ip i t in  bands th a t  were Feulgen p o s i t iv e ,  in d ic a tin g  

th a t  the  p r e c ip i ta te  con ta ined  DNA. These a n t i s e r a  a ls o  showed cro ss  

re a c tio n s  w ith  DNA from c a l f  thymus and salmon sperm. The an tibody  

a c t iv i t y  could no t be absorbed w ith  whole B. ab o rtu s  c e l l s  or the



8

re s id u e  rem aining a f t e r  chloroform  e x t ra c t io n .  S u ccessfu l immuniza­

t io n  w ith  DNP was a lso  accom plished hy Goodman (1959)« He gave 9 ra b ­

b i t s  a prolonged s e r ie s  o f in je c t io n s  w ith  human l i v e r  DNP e x t ra c t  in  

com plete F reund 's  ad ju v an t. A ll  r a b b i ts  developed a n tib o d ie s  th a t  r e ­

ac ted  w ith  bo th  human and r a b b it  l i v e r  DNP e x t r a c ts .  Lachmann ( 1961) 

a ttem pted  to  c h a ra c te r iz e  the  LE c e l l  an tig en  by in je c t in g  r a b b its  

w ith  e i th e r  mouse, human, or gu inea  p ig  c e l l  n u c le i ,  c a l f  thymus DNP 

or DNA, or human sperm. Although th e  in je c t io n s  were g iven  over a 

p e rio d  of s e v e ra l months, none o f th e  anim als was p o s i t iv e  in  th e  LE 

c e l l  t e s t .  A s im ila r  experim ent was conducted by M iescher e t  ( 1961) 

in  which r a b b its  were g iven  6 weekly in je c t io n s  of p u r i f ie d  n u c lea r  

c o n s ti tu e n ts  or in t a c t  c e l l  n u c le i .  O ne-half o f th e  r a b b i ts  produced 

a n tib o d ie s  th a t  re a c te d  w ith  th e  in je c te d  m a te r ia l  in  p r e c i p i t i n  t e s t s .  

C e ll n u c le i were suggested  as th e  b e s t  an tig en  f o r  inducing  a n t i-n u c le a r  

an tibody  fo rm atio n . A ll a n t i s e r a  were found to  be c ro s s - re a c t iv e  w ith  

hetero logous p re p a ra tio n s  of DNP o r DNA in  p r e c ip i t i n  t e s t s ,  trea tm e n t 

of th e  a n tig en  w ith  DNase in h ib i te d  p r e c ip i t in  fo rm atio n . None of th e  

a n t is e r a  would produce p ass iv e  cutaneous anaphylax is w ith  DNA, and only  

1 of 29 immunized r a b b its  had a p o s i t iv e  LE c e l l  t e s t .  This was, how­

e v e r , th e  f i r s t  r e p o r t  of induced LE c e l l  a c t i v i t y  in  experim en ta l 

a n im a ls . I t  was a ls o  found th a t  human SLE serum would in h i b i t  th e  r e ­

a c tio n  o f p o s i t iv e  r a b b i t  immune s e ra  in  im m unofluorescent sp o t t e s t s  

w ith  DNP. More re c e n t experim ents by-H eide e t  ( 1963) have confirm ed 

th a t  r a b b i ts  can be induced to  produce th e  LE c e l l  f a c to r .  In  th e  l a t t e r  . 

s tu d ie s  anim als were in je c te d  re p e a te d ly  u n t i l  th e y  had rec e iv e d  a t o t a l  

o f 28 mg of e i th e r  c a l f  thymus DNP, h ea t denatu red  DNA (com m ercial), or
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c e l l  n u c le i .  The a n t i s e r a  re a c te d  w ith  n u c le i of v a rio u s  mammals, i n ­

clud ing  r a t h i t s ,  and LE c e l l s  were produced in  whole b lood . P u r if ie d  

DNA co n ta in in g  le s s  th an  0.01% p ro te in  has a lso  been used as an a n tig en  

in  a ttem p ts  to  induce r a b b i t s  to  produce anti-DNA a n tib o d ie s  (C o u lte r 

and Ellem , 1961). The DNA p re p a ra tio n s  were e x tra c ts  of e i th e r  mouse 

l i v e r  or E h rlich  a s c i te s  tumor c e l l s .  A ll in je c tio n s  were g iven  i n t r a ­

venously . Although th e  DNA p re p a ra tio n s  from both  sources induced a n t i ­

body a c t iv i t y  which had th e  same s p e c i f i c i t y  in  complement f ix a t io n  

t e s t s ,  only th e  tumor DNA a n t i s e r a  would in h ib i t  tumor grow th. This 

f in d in g  suggested  th a t  th e  a n t i s e r a  had d if fe re n c e s  in  s p e c i f i c i ty .  

S tu d ie s  have a lso  been made of th e  a n t ig e n ic i ty  of b a c t e r i a l  DNP and 

DNA, v i r a l  DNA, and k i l le d  b a c te r ia .  Lachman e t  a l .  (19^1) found th a t  

pneumococcus a n t is e r a  would p r e c ip i ta te  w ith  c a l f  thymus n u c le ic  a c id s . 

The re a c t io n  was in h ib ite d  by p u rin e  n u c le o tid e s , n u c le o s id e s , and 

p u rin e  bases bu t no t by p e n to se s . I t  has a lso  been re p o rte d  th a t  s e ra  

from ra b b its  immunized w ith  a t o t a l  of 1 .8  mg of Salm onella typhimurium 

DNA ( 0 . 07% p ro te in  and 10% r ib o n u c le ic  ac id )  o r h ea t k i l l e d  c e l l s  con­

ta in e d  a n tib o d ie s  re a c t iv e  w ith  DNA ( Timakov e t  ^ . ,  1963) .  The ra b ­

b i t s  in je c te d  w ith  h ea t k i l l e d  b a c te r ia  had h ig h e r t i t e r s  of complement 

f ix in g  an tibody  th an  th e  anim als in je c te d  w ith  p u r i f ie d  DNA. Treatment 

of th e  an tig en s  w ith  DNase caused a s ig n i f ic a n t  decrease  in  th e  t i t e r .  

Treatm ent w ith  RNase, t r y p s in ,  o r chym otrypsin was in e f f e c t iv e .  I t  was 

concluded th a t  whole c e l l s  a re  more e f f e c t iv e  in  inducing anti-DNA a n t i ­

body p ro d u c tio n  because th e  n u c le a r  an tig en s  a re  no t s u s c e p tib le  to  

serum n u c lea se s . C h r is ta in  e t  a l .  (1964) induced r a b b its  to  produce 

anti-DNA a n tib o d ie s  du ring  hyperim m unization w ith  a s a l in e  suspension
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of fo rm alin  k i l le d  E sch erich ia  c o l i  or S. typhim urium . Immunization 

w ith  B a c illu s  s u b t i l i s  was in e f f e c t iv e .  Four of 28 r a b b its  produced 

an tib o d ie s  th a t  would c ro s s - re a c t  w ith  v a rio u s  DNAs in  complement f i x ­

a t io n  t e s t s .  These a n t is e r a  a lso  re a c te d  w ith  r a b b i t  DNA, b u t d id  not 

combine w ith  th e  n u c le i of c a l f  thymus or r a b b i t  t e s t i s .  A bsorption of 

th e  a n t i s e r a  w ith  th e  b a c t e r i a l  DNA used f o r  in je c t io n  d id  no t remove 

a l l  o f th e  a c t i v i t y  fo r  h o s t DNA. A bsorption w ith  adeny lic  a c id , how­

ev e r, removed a l l  an tibody  a c t iv i t y  fo r  h o s t and b a c t e r i a l  DNA. Another 

au toan tibody  was a ls o  produced by th e  r a b b i ts  th a t  developed anti-DNA 

a n tib o d ie s , as evidenced by the  f a c t  th a t  a l l  o f th e se  anim als became 

s e n s i t iz e d  to  th e i r  own gam ma-globulin. Levine and a s s o c ia te s  ( 1960) 

and Levine ( 1963) p resen ted  conclusive  evidence f o r  the  a n t ig e n ic i ty  

of bac te rio p h ag e  T4 DNA in  r a b b i t s . The a n t is e r a  d id  no t c ro ss  re a c t 

w ith  DNA from E. c o l i  or c a l f  thymus. The au thors  concluded th a t  th e  

a n tib o d ie s  were s p e c if ic  fo r  T4 DNA and were d ir e c te d ,  in  p a r t ,  to  the  

g lu c o sy l m o ie tie s  unique to  th i s  m olecule. Recent in v e s t ig a t io n s  have 

a lso  in d ic a te d  th a t  pu rine  o r pyrim id ine con jugates w ith  bovine serum 

albumin (BSA) or o th e r  p ro te in s  induce th e  p roduction  of anti-DNA a n t i ­

bod ies when in je c te d  in to  r a b b i t s .  The a n t is e r a  re a c te d  w ith  bo th  

n a tiv e  and h e a t denatu red  DNA p re p a ra tio n s  in  complement f ix a t io n  t e s t s  

and p ass iv e  cutaneous anaphylax is ( B u tle r e t  a l . ,  I 962; Tanenbaum and 

B e ise r, I963; P le s c ia  e t  a l . , 196k;  P le s c ia  e t  a l . ,  I965 ) .  The immuno- 

g e n ic i ty  of th e se  p re p a ra tio n s  appears to  be g re a te r  th an  th a t  o f n a tiv e  

DNA s in ce  a l l  s e ra  c o l le c te d  a f t e r  3 in je c tio n s  con ta ined  an tib o d ie s  r e ­

a c t iv e  w ith  DNA from se v e ra l b a c t e r i a l  so u rces . The a n t is e r a  a lso  in ­

h ib i te d  th e  tra n s fo rm a tio n  c a p a c it ie s  of DNA from Diplococcus pneumoniae.
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In h ib i t io n  t e s t s  w ith  v a rio u s  known n u c le o tid e s  in d ic a te d  th a t  th e  h a p -: 

te n  was a t e t r a -  to  a h e x a n u c le o tid e . Although most o f th e  evidence in  

th e se  s tu d ie s  in d ic a te s  th a t  DNP and DNA a re  immunogenic in  some r a b b i t s ,  

i t  w i l l  be noted th a t  i t  was n ece ssa ry , in  most experim ents, to  g ive  

numerous im munizations b e fo re  th e  anim als developed an tibody  to  th e  i n ­

je c te d  m a te r ia l .

Spontaneous P roduction  o f A n ti-n u c le a r  A ntibod ies 
by Experim ental Animals

In  th e  sy stem atic  s tudy  to  determ ine th e  e t io lo g y  of th e  hemo­

l y t i c  anemia th a t  occurs in  NZB/bL m ice, i t  was observed th a t  some of 

th e  anim als had p a th o lo g ic  re n a l  le s io n s  s im ila r  to  th o se  found in  SLE 

p a t ie n ts  (B ielschowsky e t  a l . ,  1959)- LE c e l l  t e s t s  were perform ed and 

of th e  mice were p o s i t iv e .  The au th o r considered  th a t  th e se  f in d ­

ings were suggestiv e  of an autoimmune d iso rd e r  analogous to  human SLE. 

Following th i s  p re lim in a ry  r e p o r t ,  numerous in v e s t ig a t io n s  of NZB/BL 

and NZB/BL hybrids have been made to  determ ine th e  s im i la r i t i e s  in  s e ro ­

lo g ic  and p a th o lo g ic  f in d in g s  in  th e se  s t r a in s  of mice and in  humans 

w ith  SLE. N orrins and Holmes ( 196U) re p o rte d  th a t  4$% of 8-w eek-old 

NZB/BL mice have a n t i-n u c le a r  a n tib o d ie s  re a c t iv e  w ith  human leukocyte 

n u c le i .  The an tibody  a c t iv i t y  could  be absorbed w ith  c a l f  thymus DNP. 

U ltra c e n tr i fu g a tio n  and m ercap toethanol tre a tm e n t of p o s i t iv e  s e ra  in ­

d ic a te d  th a t  th e  a n t i -n u c le a r  an tibody  a c t iv i t y  was in  th e  7 S c la s s  of 

im m unoglobulins. Although th e re  was no apparen t d if fe re n c e  in  th e  in ­

cidence o f a n t i-n u c le a r  an tibody  a c t iv i t y  according, to  sex , i t  was 

found th a t  those  mice dying of r e n a l  d ise a se  had tw ice th e  in c id en ce  of 

a n t i-n u c le a r  an tib o d ie s  as d id  th o se  dying of o th e r  cau ses . A somewhat



12

lower inc idence  of an tibody  a c t i v i t y  in  WZB/BL mice has been re p o rte d  

by M ellors ( 1965). He found th a t  8 o f 10 mice examined had g lom eru lo­

n e p h r i t i s ,  bu t only  1 of 15 mice th a t  were k  to  12 months o ld  had 

a n t i-n u c le a r  an tib o d ie s  r e a c t iv e  w ith  c e l l  n u c le i .  None of th e se  s e ra  

a g g lu tin a te d  DNP coated la te x  p a r t i c l e s .  The only  apparen t d if fe re n c e  

in  th e se  2 experim ents was in  th e  im m unofluorescent techn iques  used . 

M ellors ( 1965) p repared  h is  own f lu o re s c e n t co n ju g a te , whereas N orrins 

and Holmes (1964) used a com m ercially p repared  f lu o re s c e n t  an tibody . 

Both groups of workers s ta te d  th a t  t h e i r  a n t is e r a  re a c te d  only w ith  

mouse gam ma-globulin. M ellors ( 1965) a ls o  re p o rte d  t h a t ;  ( l )  9 o f 12 

6-m onth-old mice had e le v a te d  serum 7 S gam m a-globulin, (2 ) 2 of 28 

mice had a rh eu m a to id -lik e  f a c to r  in  t h e i r  serum th a t  was s e n s i t iv e  

to  m ercap toethano l, and ( 3 ) gam m a-globulin e x tra c te d  from kidneys 

showing g lo m eru lo n ep h ritis  d id  no t combine w ith  mouse e ry th ro c y te s , 

autologous or iso logous c e l l  n u c le i ,  o r norm al, young, iso logous mouse 

k id n ey .

A h ig h e r in c idence  of a n t i -n u c le a r  an tibody  a c t iv i t y  has been 

observed in  most F I hyb rid s in  which one of th e  p a re n ts  was an NZB/BL 

mouse. H elyer and Howie ( 1961, 1963a) conducted s tu d ie s  of a (NZB/BL 

X NZY/BL)F1 h yb rid  s t r a i n .  They found th a t  17 of 48 hyb rid s  were p o s i­

t iv e  in  LE c e l l  t e s t s .  None o f th e  NZY/HL mice was p o s i t iv e .  The i n ­

cidence of p o s i t iv e  t e s t s  was found to  be. g r e a te r  in  fem ales , and many 

o f th e  mice d ied  p rem atu re ly  from r e n a l  f a i l u r e .  A nother h y b rid , 

(NZB/BL X NZW/bl)f1 has a ls o  been s tu d ie d  e x te n s iv e ly . These mice b e ­

g in  to  d ie . o f r e n a l  f a i l u r e  a t  2 to  10 months of age ( H elyer and Howie, 

1963c; Dubois e t  a l . ,  1965).  The in c id en ce  of p o s i t iv e  LE c e l l  t e s t s
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in  6- to  10-m onth-old mice has heen re p o rte d  to  range from T0% to  100% 

(H elyer and Howie, 19Ô3h, 1963c; Dubois e t  I965 ; Charming e t  a l . ,

1965) .  The in c idence  of an tib o d ie s  r e a c tiv e  w ith  c e l l  n u c le i in  immuno­

f lu o re s c e n t techn iques i s  much h ig h e r in  th e se  hyb rid s th an  in  NZB/EL 

m ice. Burnet and Holmes ( 1965) found th e  inc id en ce  to  be 8l% in  s ic k  

males and fem ales. The in c idence  was s l ig h t ly  low er in  h e a lth y  males 

and fem ales of th e  same age as th e  s ic k  an im als. Wot a l l  dead mice had 

a n t i -n u c le a r  an tibody  a c t iv i t y  in  t h e i r  s e ra  and i t  was suggested  th a t  

th is , f in d in g  le n t  support to  th e  view th a t  a n t i-n u c le a r  a n tib o d ie s  were 

p robab ly  no t re sp o n s ib le  f o r  th e  kidney le s io n s  ( Burnet and Holmes, 

1965) .  However, s in ce  th e se  experim ents d id  no t in c lu d e  se ro lo g ic  

o b se rv a tio n s  of th e  mice when th ey  were younger, i t  appears th a t  th e  

conclu sion  i s  no t com plete ly  v a l id .

n a tu ra l ly  o ccu rring  a n t i-n u c le a r  an tibody  a c t iv i t y  has a lso  

been found in  ano ther F I h y b rid  s t r a i n  of mice which had an WZB/BL 

mouse as one of th e  p a re n ts .  W orrins and Holmes (1964) found th a t  

( WZB/BL X C3H)F1 mice spontaneously  develop an tib o d ie s  re a c t iv e  w ith  

th e  c e l l  n u c le i of v a rio u s  mammals.

A n ti-n u c le a r  a n tib o d ie s  have a lso  been found to  appear spon­

ta n e o u sly  in  some members o f o th e r  s t r a in s  of u n tre a te d  m ice. Inbred  

s t r a in s  in  which th i s  a c t i v i t y  has been d esc rib e d  inc lu d e  A/HeJ and 

C57B1/6J (Shulman e t  ^ . ,  1964), C5T and C3H (W orrins and Holmes,

1964) ,  and C57BR (Holborow e t  a l . ,  I 965 ). A n ti-n u c le a r  an tibody  

a c t iv i t y  has a lso  been found in  a la rg e  p ercen tage  of random bred  

m ice, s t r a i n  HI (W orrins and Holmes, 1964).
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The LE c e l l  f a c to r  has a lso  been found in  o th e r anim al s p e c ie s . 

Lewis e t  ( 1965) d esc rib ed  a system ic d ise a se  in  J  dogs in  which a l l

anim als had kidney le s io n s  s im ila r  to  th o se  seen in  human SLE. A ll of 

th e  anim als had th e  LE c e l l  f a c to r ,  rheum atoid f a c to r ,  a n t i - th y ro id  

a u to a n tib o d ie s , and a n t i-e ry th ro c y te  a u to an tib o d ie s  w ith  hem olytic 

anemia. F ive o f th e  dogs d ied  in  r e n a l  f a i l u r e .

T heories of th e  E tio lo g y  of A n ti-n u c lea r 
Antibody P roduction

Although numerous th e o r ie s  have been proposed to  account f o r  

th e  spontaneous and p e r s is te n t  p ro d u c tio n  of a n tib o d ie s  re a c tiv e  w ith  

n u c lea r an tig en s  in  man and experim en tal an im als, none of them is  

t o t a l l y  accep ted . This could be due to  th e  f a c t  th a t  th e  inducing 

a g e n t(s )  i s ( a r e )  unknown, p h y sio lo g ic  and g e n e tic  v a r ia b le s  a re  not 

com plete ly  understood , and complete knowledge of th e  mechanisms c o n tro l­

l in g  and in h ib i t in g  an tig en  ca tabo lism  and in d u c tio n  of an tibody  syn th e­

s i s  i s  la c k in g .

Some au th o rs  co n sid er th a t  m icroorganism s might be re sp o n s ib le  

f o r  inducing th e  p ro d u c tio n  of a n t i -n u c le a r  a n tib o d ie s . Bardaw il e t  

( 1958) and Seligman (1958) suggested  th a t  hetero logous a n tig e n ic  stim u­

la t io n  from m ic ro b ia l n u c lea r components may induce a n t i-n u c le a r  a n t i ­

body fo rm ation . S barra  e t  ( 1963) proposed th a t ,  fo llow ing  phago­

c y to s is  of m icroorganism s and lysosom al ru p tu re ,  DNases a t ta c k  n u c lea r  

DNA of th e  phagocyte lead in g  to  th e  fo rm ation  of a "d istu rb ed '-n u c leu s" . 

The p a r t i a l l y  degraded nucleus was suggested  as being  th e  inducing 

ag en t. The au th o rs  sp ecu la ted  th a t  i f  th e  an tib o d ie s  could p a r t ic ip a te  

in  t i s s u e  d e s tru c t io n ,  a d d i t io n a l  a l te r e d  a n tig e n  would be re le a s e d  and
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thus i t  would no t be n ecessa ry  to  assume a need f o r  th e  con tinued  p re ­

sence of th e  m icroorganism .

Another th e o ry  of a n t i-n u c le a r  an tib o d y  fo rm ation  suggests  

th a t  i t  i s  a normal p h y s io lo g ic  p rocess m ediated by a n tib o d ie s  which 

are  c a r r i e r s  of normal c a ta b o lic  components of th e  h o s t (Boyden, 196h). 

I t  was assumed by th i s  in v e s t ig a to r  th a t  a n tib o d ie s  r e a c t iv e  w ith  a u to ­

an tig en s  a re  norm ally p re se n t in  a l l  anim als b u t in  u n d e te c ta b le  con­

c e n tra tio n s  in  most an im als. He suggested  th a t  th e  p resence of au to ­

a n tib o d ie s , in d ic a te d  by p o s i t iv e  se ro lo g ic  t e s t s ,  i s  th e  r e s u l t  of an 

exagg era tio n  of a normal immunologic p ro c e s s .

A p o s s ib le  ex p lan a tio n  f o r  th e  spontaneous p ro d u c tio n  of a n t i ­

bod ies th a t  r e a c t  w ith  n u c lea r an tig en s  and o th e r  body c o n s ti tu e n ts  

norm ally a c c e s s ib le  to  th e  lym phatic t i s s u e s  has been developed by 

F. M. Burnet and o th e rs .  They suggested  th a t  th e  normal anim al does 

not i n i t i a t e  an im munological response to  au to logous ( s e l f )  t i s s u e  

components in  a reco g n izab le  form because of th e  e x is te n c e  of c e r ta in  

normal hom eosta tic  c o n t ro l s . Autoimmunity i s  ex p la in ed  as be ing  th e  

r e s u l t  of som atic m utation  in  im munopoietic stem c e l l s  which allow s 

subsequent an tibody  producing c e l l s  ( "fo rb idden" c lo n e s ) to  p r o l i f e r a te  

and exp ress t h e i r  autoimmune a c t iv i t y  (B urnet, 1958)- In  e s ta b l is h in g  

a working h y p o th e s is , th e  au tho r assumed th a t  th e  e s s e n t i a l  g e n e tic  

le s io n  i s  an in c re a sed  l a b i l i t y  o f im m unologically competent stem c e l l s  

to  undergo som atic m utation  toward re s is ta n c e  to  immunologic homeo­

s t a s i s  (Holmes e t  a l . ,  1961) . Another p o s s i b i l i t y  might invo lve a 

g e n e ra liz e d  weakness of th e  hom eostatic  mechanism in  c e r ta in  anim als 

which could allow  "fo rb idden" clones of an tibody  form ing c e l l s
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to  p r o l i f e r a t e .  These c lones o f c e l l s  would be e lim in a te d  in  th e  normal 

an im al. In  a re c e n t m o d if ic a tio n , B urnet and Holmes (1964-) suggested  

th a t  th e  thymus i s  th e  s i t e  of th e  p rim ary  hom eostatic  p ro cess  by which 

any c e l l s  which develop th e  c a p a c ity  t o  r e a c t  w ith  a n tig e n ic  de term in ­

a n ts  p re se n t in  a c c e s s ib le  reg io n s  of th e  body a re  d es tro y ed  or in h ib ­

i t e d .  I f  c e l l s  a re  capab le of r e s i s t i n g  th e  in tra th y m ic  c o n tro ls  and 

r e a c t  w ith  a c c e s s ib le  a n tig en s  in  th e  thymus, i t  was sp ecu la ted  th a t  

germ inal c e n te rs  and plasm a c e l l s  found in  th e  thymus of NZB/bL mice 

and some p a t ie n ts  w ith  autoimmune d is e a se s  would in d ic a te  an abnormal 

c o n d itio n . The s ig n if ic a n c e  o f germ inal c e n te rs  in  th e  thymus becomes 

d i f f i c u l t  to  in t e r p r e t  in  view of th e  r e p o r t  by S te ig e r  ( 1965) show­

ing th a t  germ inal c e n te rs  can a lso  be found in  th e  p e r iv a s c u la r  con­

n e c tiv e  t i s s u e s  of numerous organs of NZB/BL mice and in  th e  thymus of 

aged Swiss m ice. The Swiss mice were devoid o f d e te c ta b le  autoim m unity. 

Germinal c e n te rs  a re  no t found in  th e  thymus of A /J mice which have 

developed anti-DHP a n tib o d ie s  spon taneously  (% e rs  and F r io u , 1965). 

Although th e  ro le  o f th e  thymus in  autoim m unity i s  thus u n c e r ta in ,  i t  

does appear to  be invo lved  in  th e  spontaneous appearance o f autoimmune 

hem olytic anemia in  c e r ta in  m ice. H elyer and Howie ( 1963b ) and E ast 

and P a r r o t t  ( 1965) re p o r te d  th a t  n eo n a ta l thymectomy-of NZB/hL mice 

causes an e a r l i e r  appearance of. th e  anemia. Once th e  autoimmune 

co n d itio n  developed, i t  could no t be re v e rse d  by thymic g r a f t s  from 

normal CBA/t6 m ice. These f in d in g s  were in te rp r e te d  as evidence th a t  

abnormal c lones of im m unopoietic c e l l s  a re  n o t dependent upon th e  p re ­

sence of a  thymus f o r  t h e i r  immune fu n c tio n s .  I f  th e  thymus were th e  

source of th e  "fo rb idden" c lo n e s , th e  c e l l s  had a lre a d y  l e f t  i t  b e fo re
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b i r t h .  The l a t t e r  concept has a lso  been supported  by Holmes and Burnet

(196b).

Other in v e s t ig a to rs  have p u b lish ed  d a ta  which in d ic a te  th a t  

th e  thymus and p o s s ib ly  o th e r lymphoid organs might be invo lved  in  bo th  

normal and autoimmune p ro c e sse s . Many of th e  th y m ic -a sso c ia ted  immune 

fu n c tio n s  have been reviewed by Good and a s s o c ia te s  ( 1965) .  N eonata lly  

thymectomized mice are  unable to  r e j e c t  hom ografts and a re  d e fe c tiv e  in  

th e  cap a c ity  to  make c i r c u la t in g  a n tib o d ie s  fo llo w in g  s p e c if ic  a n tig e n ic  

s tim u la tio n . Spleen c e l l s  d e riv e d  from thymectomized mice a re  immuno- 

lo g ic a l ly  inadequate  s in ce  th e y  f a i l  to  induce a g r a f t  ve rsu s  h o s t r e ­

a c tio n  in  norm ally s u sc e p tib le  h o s ts .  Such c e l l s  a re  a lso  d e fe c tiv e  in  

p ro te c tin g  syngenic r e c ip ie n ts  from ra d ia t io n  d e a th , N eonata lly  thymec- 

tim ized  mice th a t  have been tra n s p la n te d  w ith  syngenic thymus t i s s u e  in  

th e  n eo n a ta l p e rio d  develop norm ally  w ith  re sp e c t to  t h e i r  grow th, de­

velopm ent, immunologic c a p a c ity , and lo n g e v ity . Mice no t re c e iv in g  the  

thymus g r a f t  develop, a w asting  d ise a se  and d i e .  Syngenic thymus t r a n s ­

p la n ts  perform ed on n e o n a ta lly  thymectomized mice more th an  4 to  6 weeks 

of age f a i l  to  r e s to r e  normal immunologic c a p a c it ie s  and th e  mice d ie  

w ith  symptoms th a t  a re  s im ila r  to  th o se  seen in  u n tre a te d  thymectomized 

m ice. Although some c e l l s  of th e  thym ic g r a f t  g a in  en tra n ce  in to  th e  

h o s t ' s  lymphoid t i s s u e s ,  th e  prim ary  fu n c tio n  of th e  g r a f t  i s  ap p a re n tly  

th a t  of p e rm ittin g  th e  normal development of th e  h o s t ' s  own lymphoid 

c e l l s .  By using  thymus g r a f t s  con ta ined  ip  M illip o re  chambers, i t  has 

been concluded th a t  th e  thymus e la b o ra te s  a hum oral f a c to r  which i s  

n ecessa ry  f o r  th e  continued  normal fu n c tio n  of th e  immunopoietic t i s ­

sues of th e  thymectomized h o s t .  In  c o n tra s t  to  th e  f a i l u r e s  seen w ith
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' thymus g r a f t s ,  th e  I n je c tio n  of d isp e rsed  c e l l s  in to  thymectomized mice 

w i l l  com pletely rep o p u la te  th e  h o st and n e a r ly  always re v e rse  th e  e a r ly  

symptoms of th e  w asting  d ise a se . S tud ies  w ith  thymectomized a d u lt a n i­

mals a lso  in d ic a te  th a t  th e  thymus p a r t ic ip a te s  in  th e  development of 

immunologic p o te n t ia l  f a r  beyond th e  n eo n a ta l p e rio d .

V arious th e o r ie s  have been advanced concerning th e  e t io lo g y  of 

th e  post-thym ectom y syndrome th a t  develops in  young experim en tal a n i­

m als. M cln tire  ^  (1964) found th a t  germ -free mice do no t develop

th e  w asting d isease  a f t e r  thymectomy and proposed th a t  i t  must be caused 

by m icroorganism s. O ther workers have p o s tu la te d  th a t  th e  syndrome is  

caused p r im a r ily  by a la c k  of s e l f  re c o g n itio n  by th e  im m unologically 

competent c e l l s  of th e  h o s t,  and th a t  th e  d ise a se  may re p re se n t an 

ex p erim en ta lly  induced autoimmune s t a t e .  DeVries and a s s o c ia te s  ( 1$64) 

s tu d ie d  n e o n a ta lly  thymectomized CBA/Rij and C57BL/Rij m ice. The t i s ­

sue re a c tio n s  th ey  observed were s im ila r  to  those  found in  g r a f t  versus 

h o s t re a c tio n s  and in  SLE p a t i e n t s . Four of 102 mice had r e n a l  p a th ­

ology id e n t ic a l  w ith  th a t  seen in  SLE p a t ie n ts .  A sm all number of th e  

mice were examined fo r  th e  p roduction  o f LE c e l l s .  Although ty p ic a l  

LE c e l l s  were no t found, e ry th rophagocy tosis  and o th e r phenomena seen 

in  LE c e l l  p re p a ra tio n s  of SLE p a t ie n ts  were observed. Many of th e  

mice had in c reased  numbers of plasma c e l l s  and macrophages and th i s  was 

• in te rp re te d  to  in d ic a te  in te n se  immunologic r e a c t iv i ty .  I t  was con­

cluded th a t  in fe c tio u s  d ise a se  alone could no t ex p la in  a l l  of th e  p a th ­

o log ic  f in d in g s . R esu lts  of th e  work of Kellum and a s s o c ia te s  ( I 965 ) 

a lso  support th e  th e o ry ,th a t  th e  post-thym ectom y syndrome i s  p a r t i a l l y  

due to  autoim m unity. Groups of a d u lt  r a b b i ts  were s u rg ic a l ly  t r e a te d
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to  remove e i th e r  th e  thymus, thymus and sp le e n , thymus and appendix, 

sp leen , or appendix. A fte r  lU to  17 days a l l  o f th e  r a b b i t s , p lu s 

unoperated  c o n tro ls ,  were g iven  500 r  t o t a l  body i r r a d i a t i o n .  Some 

members of a l l  groups became p o s i t iv e  in  th e  d i r e c t  Coomb's t e s t .

The members of th e  thym ectom ized-appendectom ized group showed th e  

h ig h e s t in c id en ce . One of 10 i r r a d ia te d  c o n tro ls ,  b u t none of th e  

u n ir r a d ia te d  c o n tro ls  was found to  be p o s i t iv e .  The lymph nodes and 

sp leen  of th e  thym ectom ized-appendectom ized group were alm ost devoid 

of lym phatic f o l l i c l e s  and were predom inantly  d e f ic ie n t  in  sm all lymph­

o cy tes . Amyloidosis was a lso  found in  most of th e se  an im als. I t  was 

proposed th a t  th e  b a s ic  d e fe c t which lead s  to  ru n tin g , w astin g , a u to ­

immune p ro c e sse s , and am yloidosis i s  a d e f ic ie n c y  in  th e  amount and 

o rg a n iz a tio n  o f th e  lymphoid t i s s u e s ,  p r im a r ily  th e  sp leen  and nodes.

The thymus and appendix in  th e  r a b b i t  appear to  be d i r e c t l y  involved  

in  th e  m aintenance of im munological hom eostasis which p rev en ts  th e  

emergence o f s e l f - r e a c t iv e  "fo rb idden" clones of immunopoietic c e l l s .

In  c o n tra s t  t o  th e se  r e s u l t s ,  s tu d ie s  re p o rte d  by E ast and P a r ro t t

( 1965) in vo lv ing  63 n e o n a ta lly  thymectomized mice of 3 s t r a in s  f a i l e d  

to  r e v e a l  evidence of autoimm unity expressed  by th e  p ro d u c tio n  of a n t i -  

n u c lea r  or a n t i-e ry th ro c y te  a n tib o d ie s .

The p ro d u c tio n  of a n t i -n u c le a r  a n tib o d ie s  by c e r ta in  humans 

has been a sc r ib e d  to  th e  consequence of g e n e t ic a l ly  tra n s m itte d  mech­

anisms which e i th e r  norm ally  in h ib i t  th e  p r o l i f e r a t i o n  of "fo rb idden" 

c lones o r p red isp o se  th e se  in d iv id u a ls  to  a h ig h e r r a t e  of som atic mu­

ta t io n s  in  immunologic stem c e l l s . Holman ( 1963) compared th e  fam ily  

of an SLE p a t ie n t  w ith  a group of c o n tro l  in d iv id u a ls . A h igh  inc id en ce
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of c l i n i c a l  connec tive  t i s s u e  d is e a se s  o r s e ro lo g ic a l  ab n o rm a litie s  was 

found in  th e  fam ily  of th e  SLE p a t ie n t  b u t no t in  th e  c o n tro ls .  SLE -  

was no t found to  be th e  p redom inating  d is e a s e , and 60% of th e  fam ily  

were f r e e  o f c l i n i c a l  d is e a s e . A nother fam ily  study  o f SLE p a t ie n ts  

has been re p o r te d  by P o lia k  (1^64 ). A n ti-n u c le a r  a n tib o d ie s  were found 

among th e  r e l a t iv e s  in  25 of 43 f a m i l ie s .  N egative r e s u l t s  were ob­

ta in e d  w ith  24 r e l a t iv e s  of matched h e a lth y  s u b je c ts .  Burch and Rowell 

( 1963) have suggested  th a t  autoim m unity in  SLE p a t ie n ts  i s  th e  r e s u l t  

o f som atic m utation  in  stem  c e l l s  which lead s  to  th e  development of 

"fo rb idden" clones of lym phocytes and plasma c e l l s .  F u rth e r  develop­

ment of t h i s  concept le d  to  th e  p ro p o sa l th a t  a n t i - n u c le a r  an tibody  

p ro d u c tio n  and SLE a re  con fined  to  in d iv id u a ls  w ith  a s p e c i f ic  g e n e tic  

d is p o s i t io n  (Burch and Row ell, 1965) .  I t  was suggested  th a t  th e  pheno­

ty p ic  ex p ress io n  of SLE re q u ire s  th e  occurrence of 3 s p e c if ic  random 

m u ta tio n s. T heir average r a t e  was proposed to  be co n s tan t th roughou t 

p o s t - n a ta l  l i f e  and independent of o rd in a ry  env ironm enta l f a c to r s .

The m utations were proposed to  occur a t  3 p red isp o sin g  X -linked  lo c i  

in  c e r ta in  stem c e l l s  of th e  lymphoid s e r i e s . The au th o rs  proposed 

th a t  an in t e r v a l  or l a t e n t  p e r io d  between th e  l a s t  som atic m utation  

and th e  c l i n i c a l  o n se t o f th e  d is e a s e  i s  u s u a lly  about 5 y ea rs  in  f e ­

males and 2g y ears  in  m a les . They added th a t  th e  l a t e n t  p e r io d  i s  

p robab ly  a f f e c te d  by env ironm enta l f a c to r s  such as d ru g s , in f e c t io n s ,  

or m ental s t r e s s .  A ll o f th e  f a c to r s  a re  su spected  of p r e c ip i ta t in g  

SLE in  some in d iv id u a ls .  I t  was suggested  f u r th e r  t h a t  d u rin g  th e  

l a t e n t  p e r io d  th e re  i s  a p r o l i f e r a t i o n  of th e  "fo rb idden" c lo n e s , w ith  

concom itant antagonism  being  m ediated th rough  th e  fo rm ation  o f humoral
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a n tib o d ie s  a g a in s t au to an tig en s in  th e  "fo rb idden" c lo n e s . The e f f i e  

c ien cy  of th e  e lim in a tio n  mechanism was proposed to  be about tw ice as 

h igh  in  males -as in  fem ales.

G enetic f a c to r s  have a ls o  been suggested  as being  invo lved  in  

th e  a b i l i t y  o f experim en tal anim als to  respond to  im m unization w ith  

c e r ta in  a n tig e n s . In  s tudy ing  induced autoimmune th y r o i d i t i s  in  e x p e r i­

m ental an im als, McMaster e t  ( 1965) . concluded th a t  th e  in c id en ce  of 

d ise a se  i s  g re a te r  in  H artley  gu inea p ig s .a n d  C5TB1 mice th an  in  s t r a in  

13 gu inea p ig s  and Swiss m ice. Levine and a s s o c ia te s  ( 1963) found th a t  

th e  a b i l i t y  o f c e r ta in  gu inea p ig s  to  respond to  sim ple chem ical haptens 

i s  tra n sm itte d  as a un igen ic  M endelian dominant c h a ra c te r .  G enetic f a c ­

to r s  a ls o  appear to  be invo lved  in  th e  a b i l i t y  of c e r ta in  s t r a in s  of 

mice to  respond to  sy n th e tic  p o ly p ep tid es  (McDevit and S e la , I 965 ) , 

te ta n u s  to x o id  ( ip s e n , 1 9 5 9 and bovine serum albumin (F a rr  e t  a l . ,

1963).
The purposes and o b je c tiv e s  of th e  p re se n t re s e a rc h  were to  

( 1 ) f in d  a s t r a i n  of mice in  which a n t i-n u c le a r  a n tib o d ie s  a re  p ro ­

duced spon taneously , ( 2 ) determ ine th e  in c id en ce  and types o f a n t i -  

n u c lea r a n tib o d ie s  produced by th e se  m ice, ( 3 ) determ ine i f  th e  in ­

c idence o f a n t i-n u c le a r  an tibody  a c t iv i t y  i s  s im ila r  o r d i f f e r e n t  in  

males and fem ales , (4 )  determ ine i f  s p e c if ic  im m unization o f seronega­

t i v e  mice would induce th e  p ro d u c tio n  of a n t i -n u c le a r  a n t ib o d ie s ,  and 

( 5 ) determ ine i f  p a ss iv e  t r a n s f e r  of a n t i -n u c le a r  an tibody  p ro d u c tio n  

could be accom plished w ith  sp leen  c e l l s  o b ta in ed  from s e ro p o s it iv e  

do n o rs .



CHAPTER I I

MATERIALS AND METHODS

Mice

S tra in s  and Sources

A / j , C5TBL/6j, DBA/U, and AJLFl (F I hybrid  of fem ale A /J and 

male DBA/lJ) mice were purchased com m ercially^. Young A /J and DBA/ij 

mice (4 to  6 weeks o ld ) were from p roduction  s to c k s , w hile 8-m onth-old 

a / j , C5TBL/6J, and DBA/lJ mice had been r e t i r e d  from b reed ing  c o lo n ie s . 

AJDFl mice were ob ta ined  when they  were 6 months o ld . Two p a i r  of 

NZB/B1 mice ( b r o th e r - s i s te r  p a i r s )  were k in d ly  provided  by Dr. J .  B. 

Howie of th e  U n iv e rs ity  of Otago M edical School, North T a ie r i ,  New 

Zealand. Each p a i r  produced a l i t t e r .  The progeny were weaned a t  4 

weeks of age and sep a ra ted  according  to  sex . At 6 weeks of age, th ey  

were b r o th e r - s i s te r  mated. By con tinu ing  th i s  p rocess approxim ately  

100 NZB/B1 mice were o b ta ined .

ANZBFl mice were ob ta ined  by m ating A/j  fem ales w ith  NZB/B1 

m ales. The p a re n ta l  anim als were 2 months o ld . F ive males and 20 f e ­

males were used . One male was p laced  in  a cage w ith  4 fem ales fo r  17 

days. Each fem ale was then  is o la te d .  The progeny, which were a l l  

b la c k , were weaned a f t e r  4 weeks and sep a ra ted  accord ing  to  sex.

B. Jackson Memorial L abora to ry , Bar H arbor, Maine. 
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Care and Handling 

A ll of th e  mice were housed in  th e  same i s o la te d  a i r - c o n d i­

tio n e d  mouse room. They were handled whenever p o s s ib le  w ith  tongs
2

dipped in  Amphyl. The d ie t  c o n s is te d  of Rockland Mouse-Rat d ie t  and 

au toc laved  ta p  w a te r. No more than  5 anim als of th e  same sex were 

housed in  th e  same p la s t i c  d isp o sab le  cage^. Every 7 days th e  mice 

were p laced  in  new cages w ith  f re s h  saw dust. Animals in  each cage were 

grouped according  to  s t r a i n ,  da te  of pu rchase , age, sex , and an e a r  

punch code number.

Mouse Serum Pools 

Five pools’ of serum from each of 17 in b red  s t r a in s  of mice were 

o b ta in ed  com m ercially^. A ll serum donors were from breed ing  s to ck s  and 

were 8 months o ld . Each pool con ta ined  1 ml serum which was composed of 

0 .1  ml a l iq u o ts  from 10 donor m ice. U ndilu ted  samples of each serum 

pool were te s te d  fo r  a n tib o d ie s  which would r e a c t  w ith  c a l f  thymus DNP 

sp o ts  and p e r ip h e ra l blood leukocy te  n u c le i .

Serum Samples from In d iv id u a l Mice 

P r io r  to  b le e d in g , th e  mice were p laced  in  a 37° 0 in c u b a to r  

f o r  10 m inutes. The mouse to  be b le d  was then  p laced  in s id e  a 50 cc 

sy rin g e  which was h e ld  s ta t io n a ry  a t  approxim ately  a 45° angle from 

h o r iz o n ta l ,  w ith  th e  head of th e  mouse e le v a te d . Tape was p laced  over 

th e  la rg e  open end o f th e  sy ringe  and th e  m ouse's t a i l  was w ithdraw n.

A v e in  in  th e  a n te r io r  v e n t r a l  su rface  o f th e  t a i l  was cu t w ith  a

2
Teklad In co rp o ra ted , Monmouth, I l l i n o i s .

^Aloe S c ie n t i f i c ,  S t .  L ouis, M issou ri.
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s t e r i l e  s u rg ic a l  b la d e  and th e  b lood  vas c o l le c te d  in  c a p i l la r y  tubes  . 

C e n tr ifu g a tio n  was c a r r ie d  out f o r  p m inu tes, Ihe  tubes were then  

broken above th e  c lo t  and th e  p o r tio n  of th e  tube co n ta in in g  th e  c lo t  

was d isc a rd e d . Ihe  serum was e i th e r  used im m ediately in  se ro lo g ic  t e s t s  

or was s to re d  a t  - 20° C.

S ero lo g ic  T ests  fo r  A nti-nuclear- A ntibodies 

The in d i r e c t  f lu o re s c e n t-a n tib o d y  techn ique  was used f o r  the 

d e te c tio n  in  mouse serum of a n tib o d ie s  re a c t iv e  w ith c a l f  and r a b b it  

thymus DNP, p u r i f ie d  c a l f  thymus DMA, or leukocy te  n u c le i .

C alf and R abbit Ihymus DNP 
DNP e x t r a c t io n . DliF was e x tra c te d  from th e  thymus of a c a l f  

and from thymus t i s s u e  c o l le c te d  from 10 young a d u lt  a lb in o  r a b b i t s .

The e x tra c t io n  p rocedure  was s ta r t e d  w ith in  a few hours a f t e r  th e  t i s ­

sue was ob ta ined  (p i io u ,  1953; F rio u , 1962). A ll re a g e n ts  were kept 

a t  b to  6° C. C e n tr ifu g a tio n  was a ls o  c a r r ie d  out a t  th i s  tem p era tu re .

A pO gm p o r tio n  of thymus was c u t in to  sm all p ie ce s  and th e n  added to  

100 ml of a s o lu tio n  co n ta in in g  0 .05  M sodium c h lo rid e  and 0 .025  M 

sodium c i t r a t e ,  pH 7 .0 . 'The m ix tu re  was t r i t u r a t e d  in  a h igh-speed  

b le n d e r  and then  c e n tr ifu g e d  a t  1 ,000 g fo r  30 m inu tes. The superna­

ta n t  was d isc a rd e d . The sedim ent was suspended in  100 ml of th e  same 

s o lu t io n ,  and c e n tr ifu g e d  as above. The su p e rn a ta n t was d isca rd e d  and 

th e  sedim ent was washed 3 tim es w ith  50 ml of d is t i l le d - d e io n iz e d  (D-D) 

w a te r , pH 7 -0 . The sedim ent was th en  blended  fo r  15 seconds w ith  2k0 

ml of pH 7-0  D-D w ater and shaken overn ig h t on a ro ta ry -h o r iz o n ta l

U
Clay-Adams, I n c . ,  New York, New York.
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shaker a t  4 to  6° C. The v isco u s e x t ra c t  was blended b r i e f l y  and 

c e n tr ifu g e d  fo r  30 m inutes a t  2,000 g .  The sedim ent was d isca rd e d .

The su p ern a tan t was mixed w ith  5.66 volumes of 0.177 M sodium ch lo rid e  

and incubated  a t  4 to  6° C fo r  30 m in u tes . The p r e c ip i ta te  was c o l­

le c te d  by c e n tr ifu g a t io n  a t  2 ,000 g f o r  30 m inutes and resuspended in  

0.15 M sodium c h lo r id e . The sed im ent, c o l le c te d  by c e n tr ifu g a t io n , 

was washed w ith  a sm all volume of pH 7°0 D-D w ater and re c e n tr ifu g e d . 

Three-hundred ml of pH 7-0  D-B w ater was added to  th e  sedim ent. The 

m ix ture  was th en  shaken ov ern ig h t as b e fo re . The w h ite , v isco u s , 

o p a lescen t s o lu tio n  was ly o p h iliz e d  in  30 ml volumes and s to re d  a t  

room tem p era tu re .

DNP spo t t e s t  s ta n d a rd iz a t io n . To determ ine th e  optim al 

amount o f DNP to  be used in  p rep arin g  DNP s p o ts ,  aqueous s o lu tio n s  of 

b o th  c a l f  and r a b b i t  thymus DNP were p repared  con ta in in g  5-0 , 2 .5 ,

1 .2 5 , and 0.675 mg/ml. DNP sp o ts  were made by p lac in g  1 drop of each 

o f th e se  s o lu tio n s  on c le a n , 3 x 1  inch  m icroscope s l id e s .  A fte r d ry ­

ing overn ig h t a t  room tem p era tu re , th e  spo ts  were te s te d  w ith  u n d ilu te d  

mouse and human se ra  c o n ta in in g  anti-DNP a n tib o d ie s , and w ith  normal 

s e ra ,  u sing  th e  s tan d ard  spo t t e s t  p rocedu re . F ive-hundred to  1,000 

DNP sp o t s l id e s  were th en  p repared  as needed and s to re d  in  m icroscope 

s l id e  boxes a t  -10 to  -20° C.

C alf Thymus DNA

P u r if ie d  c a l f  thymus DNA (0 .7 3 ^  p r o t e i n w a s  used to  p repare  

DNA sp o t s l id e s .  Spots were made by apply ing  to  fo rm a lin -f ix e d ,

^W orthington B iochem ical C orp ., F reeho ld , New J e rs e y .
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g e la t in  coated  m icroscope s l id e s  ( l  x 3 in ch ) 2 drops of a s o lu tio n  con­

ta in in g  90 mcg/ml DM and 10 mcg/ml n e u t ra l  d e te rg e n t (N accanol DB)^ in  

pH T'O D-D w ater ( Casals e t  1964). The DM was s t i r r e d  o v ern igh t

a t  4 to  6° C, and th e  d e te rg e n t s o lu tio n  was th en  added to  p rov ide th e  

c o r re c t  co n c e n tra tio n  of h o th  components. The s l id e s  were d r ie d  a t  

room tem pera tu re , f ix e d  in  95^ e th an o l f o r  30 m inu tes, and s to re d  a t  

-20° C in  m icroscope s l id e  boxes.

DNP and DNA Spot T ests

The procedure used in  te s t in g  mouse s e ra  fo r  th e  p resence of 

a n tib o d ie s  r e a c tiv e  w ith  DNP or DNA was s im ila r  to  th a t  d e sc rib e d  p re ­

v io u s ly  (F rio u , 1962; C asals e t  1964). One to  4 known p o s i t iv e  

and known neg a tiv e  mouse s e ra  were used as c o n tro ls .  Spot t e s t  s l id e s  

were removed from th e  f r e e z e r  and allow ed to  d ry  tho rough ly  a t  room

tem pera tu re . A c i r c l e  ( in s id e  d iam ete r, 5 to  8 mm) was made on each
7

spo t w ith  a b la c k - in k  Mark-X-Tech pen . A fte r d ry in g , th e  in k  r in g  

served  as a  r e s e rv o ir  fo r  serum and co n ju g a te , made th e  spo t easy  to  

id e n t i f y ,  and provided  c o n tra s t  in  determ in ing  th e  in t e n s i ty  o f f l u o r ­

escence in  u l t r a - v io l e t  l i g h t .  Each s l id e  was numbered f o r  i d e n t i f i ­

c a tio n  w ith  th e  Mark-X-Tech pen. The a re a  of th e  spo t in s id e  th e  b la c k  

r in g  was com pletely  covered w ith  serum (approx im ate ly  0.025 m l). Each 

s l id e  was p laced  over m oist paper tow els in  an enclosed  s t a i n l e s s - s t e e l  

co n ta in e r  and incubated  a t  room tem peratu re  f o r  30 m inu tes. The s l id e s  

were then  removed from th e  c o n ta in e r  and washed g e n tly  w ith  phosphate

6
M icro b io lo g ica l A sso c ia te s , B ethesda, M aryland.

7
Mark-Tex C orp ., New York, New York.
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b u ffe red  s a lin e  (PBS) co n ta in in g  0.15 M sodium c h lo rid e  and 0 .01 

M WagHPOj ,̂ pH 7 -0 . A d d itio n a l washing was accom plished by p la c in g  th e  

s l id e s  in  a g la s s  t r a y  which was then  submerged in  1,000 ml of PBS fo r  

30 m inutes a t  room tem peratu re  w hile  th e  s o lu tio n  was under c o n s ta n t 

a g i ta t io n  by a m agnetic m ixer. The s l id e s  were th en  removed and gauze 

was used to  remove excess f lu i d  from th e  s l id e  o u ts id e  th e  r in g  e n c lo s ­

ing each sp o t. The e n t i r e  a re a  of each spo t in s id e  th e  b la c k  r in g  was 

covered w ith  f lu o re s c e in - la b e le d  r a b b it  anti-m ouse gam ma-globulin con-
g

ju g a te  co n ta in in g  1^ ESA ( f r a c t io n  V) and incubated  fo r  30 m inutes a t  

room tem peratu re as d e sc rib ed  above. A fte r th e  s l id e s  were washed in  

PBS as d escrib ed  p re v io u s ly , excess f lu id  was removed w ith  gauze, and 

the  DNP sp o ts  were b lo t te d  g e n tly  w ith  f i l t e r  paper or washed by pour­

ing D-D w ater over them. DNA spo ts  were mounted w ith  phosphate b u ffe red  

g ly c e ro l,  pH 7 -0 , and covered w ith  a c o v e rs lip  ( l  x 1 in c h ) .  Both DNP 

and DNA spo t s l id e s  were examined m ic ro sco p ica lly  w ith  an u l t r a - v io l e t  

l ig h t  (B lak-Ray, B-lOO, 100 w a tts  in  a dark  room. The in t e n s i ty  of 

f lu o resce n ce  of each spo t was graded 3 p lu s  (+++) to  n eg a tiv e  ( - )  by 

comparison w ith  p o s i t iv e  and n eg a tiv e  c o n tro ls .  An example of th e  

flu o resce n ce  ob ta ined  w ith  a p o s i t iv e  (+++) and a n eg a tiv e  ( - )  serum 

is  shown in  F igure 1.

P e r ip h e ra l Blood Leukocytes

Two ml of mouse ( A / j ) ,  r a b b i t ,  o r human blood was drawn d i ­

r e c t ly  in to  a g la ss  sy rin g e  co n ta in in g  h ep arin  and 1 ml of k ’̂o

O
N u tr i t io n a l  B iochem icals C orp ., C leveland , Ohio.

9-U ltr a -V io le t  P ro d u c ts , I n c . ,  San G a b rie l, C a l ifo rn ia .
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F igure  1 . F luorescence of c a l f  thymus DKP sp o ts  a f t e r  t r e a t ­
ment w ith  e i th e r  serum co n ta in in g  anti-DKP an tib o d ie s  (+++) or normal 
serum ( - ) ,  and f lu o re s c e in  iso th io c y a n a te  la b e le d  r a b b i t  and anti-m ouse 
gamma-globulin con jugate  (Lot l ) .
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p o ly v in y lp y rro lid o n e  (m olecu lar w eigh t, ^0 ,000)^^ ( Casals e t  a l . , I 963 ). 

A b lu n t needle  was a tta c h e d  to  th e  sy ringe  and a t i g h t  f i t t i n g  p ie ce  of 

po lye th y len e  tub ing  was p laced  over th e  n eed le . The tu b in g  was th en  

c lo sed  w ith  a  clamp. The sy rin g e  was p laced  in  a v e r t i c a l  p o s it io n  a t  

4 to  6° C w ith  th e  needle  u p r ig h t .  A fte r th e  e ry th ro c y te s  had com­

p le te ly  sedim ented, th e  sy rin g e  was removed from th e  r e f r ig e r a to r  in  

th e  u p rig h t p o s i t io n ,  th e  clamp was removed, and g e n tle  p re ssu re  was 

a p p lied  to  th e  p lu n g e r. Drops of th e  leukocyte  suspension were p laced  

on g e la t in iz e d  s l id e s  in  a m oist chamber fo r  30 m inutes a t  room tem pera­

tu re  and th en  washed in  PBS fo r  30 m inutes. The s l id e s  were f ix e d  in  

95% e th an o l f o r  30 m inutes and allow ed to  a i r  d ry . Leukocyte p re p a ra ­

t io n s  which were no t used im m ediately were d isca rd e d . The p re p a ra tio n s  

were covered w ith  u n d ilu te d  mouse serum (approx im ately  0.025  ml) and 

th e  sp o t t e s t  procedure was fo llow ed . A fte r  th e  f i n a l  w ashing, the  

s l id e s  were mounted w ith  phosphate b u ffe re d  g ly c e ro l ,  pH %.0, and 

covered w ith  a 1 x 1 inch  c o v e rs l ip .  Each s l id e  was examined m icro­

s c o p ic a lly  w ith in  18 hours f o r  f lu o re sce n ce  of th e  leukocyte n u c le i .

The flu o re sce n ce  was r a te d  +++ to  n eg a tiv e  ( - )  by comparison w ith  p o s i­

t iv e  and n eg a tiv e  c o n tro ls .  I f  th e  s l id e s  could not be examined immedi­

a te ly ,  th ey  were s to re d  a t  U to  6° C. M icroscopic o b serv a tio n s  were 

made w ith  a L e itz  O rtholux m icroscope equipped w ith  an u l t r a - v io l e t  

l i g h t  source (Osram HBO-200 m ercury vapor b u lb ) ,  a 4 mm UGl f i l t e r ,  

and a W ratten 2A o cu la r f i l t e r .

^*^Antara Chem icals, New York, New York
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R abbit Anti-mouse Gamma-,Globulin

The two a n t is e r a  used in  th e se  experim ents were purchased com- 

11m e rc ia lly  . One p re p a ra tio n  (Lot l )  was ob ta ined  as a f lu o re s c e in  

iso th io c y a n a te - la b e le d  gam ma-globulin f r a c t io n  of serum from ra b b its  

immunized w ith  p u r if ie d  mouse gam m a-globulin. The o th e r p re p a ra tio n  

(Lot 2) was ob ta ined  as whole serum from r a b b i ts  th a t  had been immunized 

w ith  p u r if ie d  mouse gam ma-globulin.

Ammonium s u lf a te  f r a c t io n a t io n . A crude g lo b u lin  f r a c t io n  of 

th e  serum was p repared  by p r e c ip i ta t io n  w ith  ( 101̂ ) 2802  ̂ and was la b e le d
Q

w ith  f lu o re s c e in  iso th io c y a n a te  by th e  method of Coons and Kaplan

( 1950) ,  as m odified by Riggs e t  ( 1958) and M arshall e t  (1958). 

The (NH2̂ )2S02ĵ  f r a c t io n a t io n  was c a r r ie d  out a t  4 to  6° C. The serum 

was f i r s t  d i lu te d  w ith  an equ a l volume of PBS. S a tu ra te d  (WH2̂ )2SÔ  ̂

was th en  added dropw ise w hile  th e  m ix ture  was being  s t i r r e d  g e n tly  

u n t i l  tw ice th e  o r ig in a l  volume of serum was added. The m ix ture  was 

s t i r r e d  fo r  an a d d it io n a l  30 m inutes a f t e r  th e  l a s t  drop of (RR^_)2802  ̂

had been added. The p r e c ip i ta te  was c o l le c te d  by c e n tr ifu g a t io n  a t

1.000 g fo r  15 m inutes, washed w ith  one-half-, s a tu ra te d  (KHj^)2S0j^, and 

again  c o lle c te d  by c e n tr ifu g a t io n .  The crude g lo b u lin s  in  th e  p r e c ip i ­

t a t e  were d is so lv e d  in  0 .01  M phosphate b u f f e r ,  pH T»0, in  a  volume 

equal to  o n e -h a lf  th a t  of th e  o r ig in a l  serum, and d ia ly z e d  a g a in s t

1 .000 ml of volumes of th e  same b u f fe r  fo r  I 8 h o u rs , u sing  3 changes of 

b u f f e r .  The g lo b u lin  p re p a ra t io n  was s to re d  a t  -20° C.

P ro te in  a s s a y . The p ro te in  co n ten t of th e  g lo b u lin  p re p a ra ­

t io n  was determ ined w ith  a m o d ifica tio n  of th e  method of Lowry e t  a l .

^^A ntibodies In co rp o ra ted , D avis, C a l ifo rn ia
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(1951)' S tock s o lu tio n s  o f a r a b b i t  gamma-globulin® s tan d a rd  were p r e ­

pared  in  PBS to  c o n ta in  25, 50; 100, and 200 mcg/O.2 m l. 'Ihese s ta n d ­

ard s  were s to re d  a t  -20° C and,w ere used in  each p ro te in  d e te rm in a tio n . 

A p o r tio n  of th e  unknown immune g lo b u lin  s o lu tio n  was d i lu te d  w ith  PBS 

to  co n ta in  25 to  200 meg of p ro te in  p e r  0 .2  ml. A s e r ie s  of tubes was 

th en  s e t  up co n ta in in g  0 .72  ml of I N  NaOH, 0 .2  ml of th e  unknown g lo ­

b u lin  o r s tandard  s o lu tio n ,  and 0.28 ml of D-D w ater. F i f ty  ml of 

reag en t A (2$ NagCO^) were mixed w ith  1 ml o f reag en t ,B ( l  gm NaKCi,.H^O '̂ 

0 .5  gm CuSOij.. 5HgO p er 100 ml D-D w ater) to  form reag e n t C. Re­

agent C was p repared  f r e s h  fo r  each p ro te in  d e te rm in a tio n . S ix  ml o f 

reag en t C was added to  each tu b e . The c o n ten ts  of th e  tu b es  were mixed

thorough ly  and allow ed to  s tan d  a t  room tem peratu re  f o r  10 m inu tes.

12S ix - te n th s  ml o f F o lin -C io c a lte a u  re a g e n t was then  added to  th e  con­

te n ts  of each tu b e . The tu b es  were in cubated  fo r  30 m inutes a t  room 

tem peratu re  fo r  c o lo r  developm ent. O p tic a l d e n s ity  was read  a t  500 mp. 

in  a Coleman U n iv e rsa l Model l4  spectrophotom eter u s in g  a reagent-PBS 

b lank  as th e  zero  absorbancy. The s tan d ard s  were p lo t te d  on sem ilog 

graph paper and th e  c o n c e n tra tio n  of p ro te in  in  th e  unknown g lo b u lin  

so lu tio n  was determ ined by re fe re n c e  to  th e  s tan d ard  cu rve .

F lu o rescen t l a b e l in g . For f lu o re s c e n t la b e l in g ,  a  p o r tio n  of 

th e  g lo b u lin  was d i lu te d  w ith  0.15 M s a l in e  and 0 .5  M c a rb o n a te -b ic a rb o ­

n a te  b u f f e r ,  pH 9 -0 , u n t i l  th e  f i n a l  c o n c e n tra tio n  in  the ' m ix tu re  was 

10 mg p ro te in /m l and 10^ (by  volume) o f th e  pH 9-0  b u f f e r .  The beaker 

co n ta in in g  th e  g lo b u lin  was p laced  in  an ic e  b a th  and i t s  co n ten ts  were

^ % is h e r  S c ie n t i f i c  C o., F a ir  Lawn, New J e rs e y .
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mixed g e n tly . When th e  tem pera tu re  of th e  g lo b u lin  s o lu tio n  was 1 to
g

2°  C; f lu o re s c e in  iso th io c y a n a te  ( 0 . 0$ mg/mg o f p ro te in )  was added. 

'Ihe beaker c o n ta in in g  th e  g lu o re s c e in -g lo b u lin  m ixture was t r a n s f e r r e d  

to  a r e f r ig e r a to r  (4 to  6°  C) where mixing was con tinued  f o r  l 8 ho u rs . 

The f lu o re s c e n t con jugate  was th en  d ia ly z e d  a g a in s t 0 .01  M phosphate 

b u f f e r ,  pH J .O , f o r  l 8 hours and passed  through a column of A m berlite 

00 400^“ (F rio u , I 962 ) . To p rep are  th e  A m berlite column, 4 gm of th e  

r e s in  were washed in  300 ml of 3 W HCl and then  in  0 .01  M phosphate 

b u f f e r ,  pH T-5; u n t i l  th e  pH became 7 .$ . The r e s in  was th en  poured 

in to  a 10 ml s e ro lo g ic a l  p ip e t te  equipped w ith  a g la s s  wool p lug  and 

allow ed to  s e t t l e  by g ra v i ty  flow . A fte r  passage th rough  th e  column, 

th e  con ju g a te  was c e n tr ifu g e d  a t  10,000  g fo r  20 m inutes and th e  p re ­

c i p i t a t e  was d isc a rd e d . The con jugate  was s to re d  a t  -20° C in  3 ml 

volum es.

S ta n d a rd iz a tio n  of c o n ju g a te s . Both Lot 1 and Lot 2 con ju ­

g a te s  were s ta n d a rd iz e d  by te s t in g  s e r i a l  tw o -fo ld  d i lu t io n s  a g a in s t 

DHP and DM sp o ts  and human leukocy tes which had been exposed to  un­

d i lu te d  mouse serum under th e  t e s t  c o n d itio n s  d esc rib e d  above. Twice 

th e  c o n c e n tra tio n  of th e  h ig h e s t d i l u t io n  of con jugate  which produced 

maximum flu o re sc e n c e  w ith  p o s i t iv e  s e ra  and no f lu o re sc e n c e  w ith  nega­

t i v e  s e ra  was used in  each t e s t .

A bsorp tion  o f c o n ju g a te s . Both con jugates were te s t e d  fo r  

n o n -sp e c if ic  s ta in in g  a f t e r  absorb ing  them w ith  an eq u a l volume of 

a / j  mouse serum. For th i s  pu rpose, a m ix ture c o n s is tin g  of eq u a l 

volumes o f con jugate  and serum was incu b ated  fo r  30 m inutes a t  room 

tem peratu re  and th e n  c e n tr ifu g e d  f o r  30 m inutes a t  10,000 g . The
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absorbed con jugate  was used , along w ith  an unabsorbed c o n tro l conjugate 

( d i lu te d  to  th e  same f i n a l  volum e), in  se ro lo g ic  t e s t s  fo r  anti-DNP 

an tibod ieso

S p e c i f ic i ty  of c o n ju g a te s . Im m unoelectrophoresis (Scheidegger, 

1955) was used to  determ ine th e  s p e c i f i c i t y  of Lot 1 and Lot 2 conju­

g a te s ,  Clean g la s s  m icroscope s l id e s  were lay e red  w ith  2 ml of m elted 

0 . 75$ lonagar No. in  b a r b i t a l - a c e ta te  b u f fe r  (pH 8.6.; io n ic  

s tre n g th  O.0 5 ) and cooled in  a m oist chamber. A s l id e  c u t te r  and p la s ­

t i c  rack  were used to  cu t 2 w ells  and 1 tren c h  in  each s l i d e , Ihe w ells  

were f i l l e d  w ith  A /j or DBA/lJ mouse serum. A fte r 10 m inutes absorp­

t io n ,  th e  w e lls  .were sea le d  w ith  a sm all amo’ont of th e  warm a g a r-b u ffe r  

m ix tu re . E lec tro p h o re s is  was performed fo r  4$ minutes a t  k to  6° 0 in  

a Buchler microimmunoel e c tro p h o re s is  chamber using b a r b i ta l - a c e ta te  

b u f fe r  (pH 8 .6 , io n ic  s tre n g th  0 .0 5 ). The p o te n t ia l  was bO v o lts  

(approx im ately  6 v o lts /c m ). The s l id e s  were then  removed, th e  Lot 1 

or Lot 2 con jugates were added to  th e  tre n c h e s , and th e  s l id e s  were 

incubated  fo r  48 hours in  a m oist chamber. They were th en  examined 

fo r  s p e c if ic  p r e c ip i ta t io n  p a t t e r n s ,

LE C e ll T ests

Blood samples of A/j  and ANZBFl mice were te s te d  im v i t r o  fo r  

th e  form ation  of LE c e l l s .  The techn ique used was a m o d ifica tio n  of 

th e  c lo t  method (R osenfeld  e t  , 1954). Blood was drawn in to  a 

c a p i l la r y  tube (m icro -h em ato crit)^  from a cu t made in  a  t a i l  v e in .

The c lo t  was fragm ented w ith  a 2J-gauge s t a i n l e s s - s t e e l  w ire and

^^C onsolidated  L a b o ra to rie s , I n c . ,  Chicago H eigh ts, I l l in o i s ',
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incu b a ted  f o r  2 hours a t  39° C. The tube vas th e n  c e n tr ifu g e d  fo r  4

m inutes in  an I n te r n a t io n a l  M ic ro -C ap illa ry  c e n tr ifu g e ,  Model MB. A

smear was made o f th e  leukocy te  la y e r  and th e  c e l l s  were s ta in e d  w ith

12W rig h t's  s ta in .  The s l id e s  were mounted w ith  Permount and covered 

w ith  a c o v e rs lip  ( l  x 1 in c h ) . Two to  6 smears were o b ta ined  from 

each b lood  sample. The e n t i r e  a rea  of c e l l s  on each s l id e  was exam­

ined  m ic ro sc o p ic a lly  and a g iven  b lood  sample was considered  neg a tiv e  

only  when LE c e l l s  were no t found on any of th e  s l id e s  p repared  from 

a s in g le  an im al. The blood o f A /J mice whose s e ra  d id  no t co n ta in  

anti-DNP a n tib o d ie s  was used as a c o n tro l .  The s l id e s  were coded by 

a number and th e  m icroscopic exam inations was made w ithou t knowledge 

of th e  source of th e  s l id e .

S ta rch  Block E le c tro p h o re s is

Three serum pools from th e  A /J s t r a i n  mice were su b jec ted  to

e le c tro p h o re s is  in  s ta rc h  b locks (P a igen , 1956). S ta rch  b locks were

prepared  in  p la s t i c  t r a y s  by mixing k-2 gm o f p u r i f ie d  p o ta to  s ta rc h  
■12powder w ith  42 ml of b a r b i t a l  b u f fe r  (pH 8 .6 ,  io n ic  s tre n g th  0 .0 5 ).

A l / 4  inch  wide w e ll was p repared  and in to  i t  was p laced  a  m ixture of 

0 .5  ml serum and 0 .5  gm s ta r c h .  E le c tro p h o re s is  was c a r r ie d  out f o r  

l8  hours a t  4 to  6° C using  a b a r b i t a l  b u f fe r  (pH 8 .6 , io n ic  s tre n g th  

0 . 05 ) and a p o te n t ia l  o f 60 v o l ts  per s ta rc h  b lo c k . The serum p ro te in  

e le c tro p h o re t ic  f r a c t io n s  were then  lo c a te d  by touch ing  each b lock  

w ith  d ry  Whatman chrom atographic f i l t e r  paper^^ and s ta in in g  th e  p ro ­

te in s  absorbed in to  th e  paper w ith  bromphenol b lu e . The m ajor serum

l4
W. H. C urtin  and Co., D a lla s , Texas
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p ro te in  components in  th e  s ta rc h  "blocks were id e n t i f i e d  hy comparison 

w ith  th e  s ta in e d  p re p a ra t io n . Each p o r tio n  of th e  b lo c k "co n ta in in g  a 

m ajor serum p ro te in  component was removed in  1 cm s e c t io n s ,  washed w ith  

2 ml of 0.15  M PBS, and e lu te d  by vacuum f i l t r a t i o n .  Each sample was 

th en  d ia ly zed  a g a in s t 20$ p o ly v in y lp y rro lid o n e^ ^  u n t i l  th e  volume was 

reduced to  0 .5  ml. Each of th e  f r a c t io n s  was th en  te s te d  fo r  i t s  

gam ma-globulin co n ten t w ith  r in g  t e s t s ,  u s in g  s p e c if ic  ra b b it-  a n t i ­

mouse gam m a-globulin. The r in g  t e s t s  were done in  sm all bo re  (4  mm) 

tu b e s . Samples of each f r a c t io n  were la y e re d  over u n d ilu te d  an tiserum  

w ith  a c a p i l la r y  p ip e t t e .  The tu b es  were then  incubated  a t  room tem­

p e ra tu re  and observed a f t e r  30 m inu tes. Each f r a c t io n  was a lso  te s te d  

fo r  i t s  r e a c t iv i t y  w ith  c a l f  thymus DNP and human leukocy te  n u c le i .  

T ests  were perform ed w ith  a sample o f each f r a c t io n ,  t r e a t in g  each as 

i f  i t  were u n d ilu te d  serum.

A ntigens and Im m unizations 

a/ j , DBA/1J, and AJDFl mice were used to  study  th e  e f f e c t  of 

im m unization on a n t i-n u c le a r  an tib o d y  p ro d u c tio n . In je c tio n s  were made 

in  0 .1  ml volumes u sin g  a d isp o sa b le  p l a s t i c  1 cc tu b e rc u lin  sy rin g e
15and a 1 /2  in c h , 2h gauge need le  . One to  3 in je c t io n s  were g iven ; 

m u ltip le  in je c t io n s  were ad m in is te re d  a t  w eekly in t e r v a l s .  F resh  a n t i ­

gen p re p a ra tio n s  were p rep ared  f o r  each in je c t io n  s e r ie s .

C alf Thymus DNP

An aqueous s o lu t io n  of c a l f  thymus DNP was p rep ared  by mixing 

^^Becton, D ickinson and Company, R u th e rfo rd , N. J .
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20 mg o f ly o p h iliz e d  DITP in  1 ml o f D-D w ater o v e rn ig h t a t  room tem pera­

tu r e .

C alf Ihymus DNP in  Complete F reund 's  Adjuvant 

An aqueous s o lu tio n  (4 m g /o .l m l) o f c a l f  thymus DNP was added 

to  an equ a l volume of com plete F reu n d 's  ad juvan t^^  and homogenized in  

a h igh  speed b le n d e r ( O m n i- M ix e r H o m o g e n iz a t io n  was c a r r ie d  out 

fo r  15 to  30 seconds a t  room tem p era tu re .

C alf Ihymus DNA in  Complete F reu n d 's  Adjuvant 

F o rty  mg of p u r if ie d  DNA (0 .7 3 ^  p ro te in )^  were d is so lv e d  in  1 

ml PBS by s t i r r i n g  th e  s o lu tio n  o v ern ig h t a t  4 to  6° C w ith  a m agnetic 

m ixer. A p o r tio n  o f th e  s o lu tio n  was homogenized w ith  an eq u a l volume 

of com plete F reu n d 's  ad ju v an t. Another p o r tio n  was h ea ted  a t  100° C 

fo r  15 m inutes and th en  cooled in  an ic e  b a th  ( S to la r  and L evine, I961 ). 

Ihe  denatu red  DNA s o lu tio n  was th en  homogenized f o r  15 to  30 seconds 

a t  room tem peratu re  w ith  an equ a l volume of com plete F reund 's  ad ju v an t.

Complete F reu n d 's  Adjuvant 

Complete F reu n d 's  ad ju v an t was mixed w ith  an equ a l volume of 

D-D w a te r . Ihe  m ix tu re  was th en  homogenized fo r  15 to  30 seconds a t  

room tem p era tu re .

Incom plete F reund ' s a d ju v a n t. An equ a l volume of D-D w ater 

was mixed w ith  incom plete F reund ' s ad juvan t^^  and th e  m ix ture was 

homogenized f o r  15 to  30 seconds a t  room tem p era tu re .

^^D ifco L a b o ra to r ie s , D e tro i t ,  Mich.

^^Ivan S o rv a ll ,  I n c . ,  Norwalk, Conn.
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BSA,

S o lu tio n s  of BSA, f r a c t io n  V^, were p repared  in  PBS to  co n ta in  

40 mg/ml, Ê mg/ml, and 20 mcg/ml.

C e ll T ran sfe rs

a/ j  mice were used as donors and r e c ip ie n ts  in  s tu d ie s  of th e  

se ro lo g ic  changes in  r e c ip ie n t  mice fo llow ing  th e  in je c t io n  of v ia b le  

sp leen  or thymic c e l l  su spensions, or sp leen  c e l l  ly s a te s .

Spleen or Thymic C e ll Suspensions

V iable c e l l  suspensions were ob ta ined  by using  a m o d ifica tio n  

of th e  method of Howard and Woodruff ( 1961) . Donor mice were k i l l e d  

by c e rv ic a l  d is lo c a t io n .  C ardiac b lood was c o lle c te d  and te s te d  f o r  

anti-DWP a c t iv i t y  to  confirm  prev ious se ro lo g ic  f in d in g s . Two sp leens 

or k  thymuses (u n le ss  o therw ise  s ta te d )  were ob ta ined  from each group 

of donor m ice. A sep tic  techn iques were used th roughou t. S im ila r organs 

were pooled in  0 .5  ml o f Medium 199 t i s s u e  c u ltu re  so lu tio n ^  (w ithou t 

a n t ib io t ic s )  and d is ru p te d  w ith in  a g la s s  homogenizer equipped w ith  a 

loose  f i t t i n g  p is to n . The r e s u l t in g  c e l l  suspension was passed  through 

an 80-mesh s t a i n l e s s - s t e e l  w ire  sc reen . A v ia b le  c e l l  count was made 

by adding 0 .1  ml 0 .9^  try p an  b lu e  to  0 .1  ml of th e  suspension  and ob­

serv in g  th e  number o f u n s ta in ed  mononuclear c e l l s  in  a hemocytometer

(Davis e t  ^ . ,  1958)- Suspensions were d ilu te d  w ith  Medium 199 to  con-
6 :

t a in  4 t o  8 X 10 v ia b le  mononuclear c e l l s  p e r 0 .1  ml.

C e ll L ysates

D isrup ted  c e l l s  were p repared  by su b je c tin g  O.5 to  1 ml of 

v ia b le  c e l l s  (4 to  .8 X 10^ p e r 0 .1  ml of Medium 199) to  3 a l te r n a te
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cycles of f re e z in g  in  a carbon d io x id e -e th a n o l b a th  and thawing a t  

room tem pera tu re . The ly s a te  was c e n tr ifu g e d  a t  1 ,000 g f o r  10 min­

u te s  and th e  sedim ent was examined m ic ro sco p ica lly  f o r  in t a c t  c e l l s .

No in t a c t  c e l l s  could be found in  2 counting a rea s  of a  hemocytometer.

In je c tio n s

R ec ip ien t mice were in je c te d  in t r a p e r i to n e a l ly  w ith  0 .1  ml 

volumes of c e l l  p re p a ra tio n s  u sing  a 1 cc s t e r i l e  p la s t i c  d isp o sab le  

sy rin g e  and a 25 gauge need le^^ . In je c tio n s  were made as soon as 

p o s s ib le  a f t e r  th e  c e l l s  and c e l l  ly s a te s  were p rep a red .

Photography

Photom icrographs o f LE c e l l s ,  and a lso  th e  leukocyte n u c le i 

th a t  had been exposed to  mouse serum and Lot 1 or Lot 2 co n ju g a tes , 

were made w ith  a L eica  camera and a L e itz  O rtholux m icroscope. Ex­

posures were made w ith  Kodak Panatomic-X and Ektachrome f ilm .



CHAPTER I I I  .

RESULTS

Incidence of A n ti-n u c le a r  Antibody A c tiv ity  
' in  S tra in s  of Iso g e n ic Mice

Mouse S tra in s  Tested 

Pools o f serum ob ta ined  from 17 iso g en ic  s t r a in s  of 8-month- 

o ld  mice were te s te d  f o r  a n t i -n u c le a r  an tibody . A ll  of th e  serum donors 

had been r e c e n t ly  removed from commercial b reed ing  s to ck s  ( r e t i r e d  

b re e d e rs ) .  The r e s u l t s ,  as shown in  Table 1 , in d ic a te d  th a t  4 of th e  

5 pools of a/ j  mouse s e ra  con ta ined  a n t i-n u c le a r  an tibody  a c t iv i t y .

The poo ls o f serum from th e  l6  o th e r  s t r a in s  o f mice d id  no t have 

a n t i -n u c le a r  an tibody  a c t i v i t y  th a t  could be d e te c te d  w ith  th e se  t e s t s .  

C on tro ls were no t used in  t h i s  p re lim in a ry  survey , as i t  was no t known 

w hether o r n o t mice developed a n t i -n u c le a r  a n tib o d ie s  spon taneously .

Table 2 c o n ta in s  r e s u l t s  o f th e  t e s t s  w ith  each of th e  5 pools 

of a/ j  mouse serum. Pools 1 , 2 , 3, and 4 showed a ++ or g r e a te r  r e a c ­

t io n  w ith  b o th  c a l f  thymus DNP sp o ts  and th e  n u c le i of human p e r ip h e ra l  

b lood  le u k o c y te s . The p a t te r n  o f n u c le a r  im m unofluorescence observed 

i s  dem onstrated  in  F ig u re  2 . The n u c leu s , th e  only  p a r t  of th e  c e l l  

th a t  f lu o re s c e d , was homogeneous in  appearance. The n u c le i of leuko ­

cy tes  t r e a te d  w ith  poo l number 5 serum d id  no t f lu o re s c e .

39
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TABLE 1

MOUSE STEIAINS TESTED FOR ANTI-NUCLEAR ANTIBODY ACTIVITY

S tra in
Serum pools re a c t iv e  w ith :

C alf thymus DNP^ bLeukocyte n u c le i

A /j 4 /5 ° 4/5
A/HeJ 0/5 0/5
akr/ j 0/5 0/5

C3H/HeJ 0/5 0/5

C57L/J 0/5 0/5

C58/J 0 /5 0/5
DBA/lJ 0 /5 0/5
swr/ j 0/5 0/5  -

129/ j 0 /5 0/5
C3HeB/FeJ 0 /5 0 /5
C5TBR/FeJ 0/5 0/5

C57BL/6J 0/5 0/5
C57BL/10J 0/5 0/5
rf/ j 0/5 0/5

BALB/cJ 0/5 0/5
S JL /J 0/5 0/5
cba/ j 0/5 0 /5

C alf thymus DNP sp o t t e s t .

Human p e r ip h e ra l  b lood leu k o cy tes .

‘̂ Number o f serum poo ls  positiv e /n u m b er o f serum pools te s te d .
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TABLE 2

ANTI-NUCLEAR AOTIBODY ACTIVITY IN A /J SERUM POOLS

Pool Number
A ntigen p re p a ra tio n s

C alf thymus DNP^ Leukocyte n u c le i^

1 +++ 4-4-4-

2 +++ 4-4-4-

3 4-4-4- 4-4-

h 4-4- ++

5 - -

C alf thymus DNP sp o t t e s t .

Human p e r ip h e ra l  b lood le u k o c y te s .
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F igure  2. Homogeneous Im m unofluorescent s ta in in g  p a t te rn  of 
human p e r ip h e ra l h lood  leukocyte  n u c le i a f t e r  trea tm e n t w ith  A/j  mouse 
serum and Lot 1 f lu o re s c e n t con ju g a te .



^3

S ta n d a rd iz a tio n  of A ntigens in  DNP Spot T ests

C alf Thymus DNP Spot T est 

C a lf  thymus DNP sp o ts  were p repared  from 4 d i f f e r e n t  co n cen tra ­

t io n s  of DNP. The sp o ts  were t r e a te d  w ith  bo th  human and mouse s e ra .  

Then th e  a p p ro p ria te  f lu o re s c e n t  con jugate  (Lot 1 co n ju g a te , d i lu te d  

1 :2 ; anti-hum an gam ma-globulin co n ju g a te , d i lu te d  1 :4 )  was added to  

determ ine th e  m inim al c o n c e n tra tio n  o f DNP th a t  would y ie ld  a maximum 

(+++) f lu o re sce n ce  w ith  u n d ilu te d  human and mouse s e ra  co n ta in in g  a n t i -  

DNP a n tib o d ie s , b u t no f lu o re sce n ce  w ith  u n d ilu te d  normal se ra . I t  was 

a lso  of in t e r e s t  to  determ ine which one of th e se  c o n ce n tra tio n s  was 

op tim al fo r  o b ta in in g  th e  h ig h e s t t i t e r  of anti-DNP an tibody  a c t iv i t y  

in  human s e ra .  A ll  of th e se  c r i t e r i a  were s a t i s f i e d  w ith  spo ts  p re ­

pared  from a s o lu tio n  co n ta in in g  1.25 mg/ml of c a l f  thymus DNP ( Table 

3 ) . Normal human se ra  number 1 and 2 were n e g a t iv e . The human serum 

co n ta in in g  anti-DNP a c t iv i t y  (DNP l )  had a t i t e r  of 1 :64 . A /J s e ra  

number 25 and 36 y ie ld e d  a maximum flu o re sc e n c e  w hile  th e  normal se ra  

were n e g a tiv e . As th e  r e s u l t  o f th e se  o b se rv a tio n s , a l l  c a l f  thymus 

DNP sp o ts  were p repared  from a s o lu tio n  co n ta in in g  1.25 mg/ml of DNP.

R abbit Thymus DNP Spot T est 

A s im ila r  procedure was used to  determ ine th e  op tim al amount 

of r a b b i t  thymus DNP to  use in  sp o t t e s t s  (Table 4 ) .  A 1 :2  d i lu t io n  

of Lot 1 con jugate  was used . The anti-hum an gam ma-globulin con jugate  

was used in  a 1 :4  d i l u t io n .  Both o f th e  normal human s e ra  (N 1 and 

N 2 ) were n e g a tiv e . The h ig h e s t t i t e r  of anti-DNP a c t iv i t y  in  human 

serum was ob ta ined  in  th e  experim ent conducted w ith  DNP spo ts  p repared



TABLE 3

CALF TffïMUS DNP SPOT TEST—STANDARDIZATION OP ANTIGEN

Serum^ Serum
d i l u t io n

F lu o rescen ce  o f serum and co n ju g a te ^  t r e a te d  sp o ts  made 
from  DNP s o lu t io n s  c o n ta in in g :

5 .0  mg/ml 2 .5  mg/ml 1 .25  mg/ml 0 .675  mg/ml

Human
N1 U n d ilu ted - - - -

N2 U nd ilu ted - - - .T

DNP 1 U nd ilu ted + 4- + + + + + + + +

DNP 1 I l k + 4- 4- + + +

DNP 1 I : l 6 - -K + +

DNP 1 1:64 - 4- + -

DNP 1 1:256 - - . - -

Mouse ■ •

A /j  DNP 25 U nd ilu ted + 4- 4- 4-4-4- +

A /j  DNP 36 U n d ilu ted + + 4- 4-4- 4- 4-4- + +

A /j  N 4 l U n d ilu ted - - - -

DBA/lJ N 1 U nd ilu ted - - - ■ —

DBA/i J  N 2 U n d ilu ted - - -

ff

S p e c if ic  an ti-hum an  gam m a-globulin  f lu o r e s c e n t  co n ju g a te  u se d  w ith  human serum t r e a te d  
1 co n ju g a te  u sed  w ith  mouse serum t r e a te d  s p o ts .

N = serum c o n ta in in g  no anti-DNP a n t ib o d ie s j  DNP = serum c o n ta in in g  anti-DNP a n t ib o d ie s ,



TABLE 4

RABBIT TKYMœ DNP SPOT TEST--STANDARDIZATION OF ANTIGEN

Serum^ Serum
dilution

Fluoresce:ice of serum and conjugate^ treated spots made 
from DNP solutions containing

5 . 0  mg/ml 2 . 5 mg/ml 1 . 2 5 mg/ml 0 . 6 7 5 mg/ml

Human
N 1 Undiluted - _ _ _

N 2 Undiluted - - - -

DNP 1 Undiluted +4- +4- 444 44
DNP 1 1:4 -H- 4- 44 4
DNP 1 l:l6 - •f 4 4
DNP 1 1:64 - - 4 -

DNP 1 1 :2 5 6 - - - -
Mouse
A/j DNP 25 Undiluted + 4-4 444 44
a/j DNP 36 Undiluted 4-4- 44 444 44
a/j N 4l Undiluted - - - -

• DBA/lJ N 1 Undiluted - _ -

DBA/lJ N 2 Undiluted - - - -

vn

S p e c if ic  an ti-hum an gam m a-globulin f lu o re s c e n t  co n ju g a te  used  w ith  human serum t r e a te d  
s p o ts ;  Lot 1 co n ju g a te  used  w ith  mouse serum t r e a te d  s p o ts .

N = serum c o n ta in in g  no anti-DNP a n t ib o d ie s ;  DNP = serum c o n ta in in g  anti-DN P a n t ib o d ie s ,
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from th e  1.2$ mg/ml s o lu tio n . A +++ f lu o re sce n ce  was a lso  observed in  

t e s t s  w ith  p o s it iv e  mouse s e ra  and DNP sp o ts  p repared  from th e  1.25 

mg/ml s o lu tio n .  The c o n tro l  mouse s e ra  was n e g a tiv e . I t  was decided  

th a t  a l l  r a b b i t  thymus DNP sp o ts  should  be p repared  from a s o lu tio n  

co n ta in in g  1.25 mg/ml of DNP.

• S ta n d a rd iz a tio n  of Lot 1 and Lot 2 
F lu o rescen t Conjugates

Conjugate T i t r a t io n  

Both Lot 1 and Lot 2 con jugates were s tan d a rd ized  by te s t in g  

s e r i a l  tw o -fo ld  d i lu t io n s  a g a in s t c a l f  thymus DNP and DNA spo ts  and 

human leukocy tes which had been exposed to  u n d ilu te d  mouse serum. A ll 

s e ra  used in  th i s  experim ent were s e le c te d  on th e  b a s is  of a p rev ious 

+++ or - r e s u l t  ob ta ined  w ith  Lot 1 con jugate  d i lu te d  1 :2 . The r e s u l t s

o f t e s t s  w ith  c a l f  thymus DNP spo ts  (Table 5) in d ic a te d  th a t  a l l  immuno­

f lu o re s c e n t t e s t s  w ith  th i s  an tiserum  should be perform ed w ith  a 1 :2  

d i lu t io n  of th e  co n ju g a te . The r e s u l t s  o f th e  t e s t  w ith  Lot 2 co n ju ­

g a te  in d ic a te d  th a t  i t  should  be d i lu te d  1 :^ . F luorescence was not

observed when c a l f  thymus DNA sp o ts  were t r e a te d  w ith  th e se  same s e ra

and th e  same d i lu t io n s  of c o n ju g a te s .

When experim ents were perform ed using  human p e r ip h e ra l  b lood  

le u k o cy te s , to g e th e r  w ith  th e  same s e ra  and th e  same d i lu t io n s  of con- • 

ju g a te s ,  th e  r e s u l t s  were s im ila r  to  th o se  seen in  Table 5° A ll sub­

sequent s e ro lo g ic  experim ents using  leukocy tes as a source of n u c le a r  

a n tig en  were perform ed w ith  Lot 1 con jugate  d i lu te d  1 :2  and Lot 2 con­

ju g a te  d i lu te d  1 :4 . Sera th a t  could no t be shown to  co n ta in  anti-DNP



TABLE 5

CALF THYMUS DKP SPOT TEST--TITRATION OF LOT 1 
AND LOT 2 FLUORESCENT CONJUGATES

F lu o rescen ce  of serum and co n ju g a te  t r e a te d  sp o ts

C onjugate
d i l u t i o n

. .Lot 1 Lot 2

a/ j  42^ a/ j  48 A /j  2 A /J  3 A /j  25 A /j  36 a/ j  4 i DBA/lJ 1

U n d ilu ted +++ +++ + - +4"H ++■!■ - -

1 :2 +++ +++ - - +++ +++ - -

1 :4 +++ H-4-+ - - +++ +++ - -

1 :8 + + - - +++ +++ -

1:16 - - - - 4-4- + - -

1 :3 2 - - - - - - - -

^ o u s e  s t r a i n  and number. A ll  mice were 8 months o ld .
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' a n tib o d ie s  w ith  th e  c a l f  thymus DNP spo t t e s t  d id  not produce n u c lea r 

flu o re sce n ce  in  t h i s  s ta n d a rd iz a tio n  procedure.

N o n -specific  S ta in in g  of Lot 1 and Lot 2 Conjugates

To determ ine i f  e i th e r  of th e  con jugates could produce non­

s p e c if ic  s ta in in g  of c a l f  thymus DNP spo ts  and th e  n u c le i of human 

p e r ip h e ra l  blood le u k o cy te s , each con jugate  was absorbed w ith  an eq.ual 

volume of u n d ilu ted  A/j  mouse serum. D uplicate  c a l f  thymus DNP spo ts

and human leukocy te  s l id e s  were exposed to  th e  s e ra  of 2 normal A /J

mice and 2 A/j  se ra  th a t  con ta ined  anti-DNP an tibody  a c t iv i t y .  Follow­

ing th i s  tre a tm e n t bo th  absorbed and unabsorbed con jugates were used 

to  com plete th e  t e s t  p rocedu re . The r e s u l t s  in d ic a te d  th a t  n e i th e r  of 

the  con jugates caused n o n -sp e c if ic  im m unofluorescent s ta in in g  of the  

DNP sp o ts  or human leukocy te  n u c le i .  A bsorption w ith  A /J mouse serum 

e lim in a te d  a l l  of th e  f lu o re sce n ce  of bo th  DNP sp o ts  and th e  n u c le i of 

human leukocy tes which had been exposed to  mouse se ra  con ta in in g  a n t i -  

DNP an tibody  a c t iv i t y .  In  c o n t r a s t ,  flu o rescen ce  was observed in  , 

samples t r e a te d  w ith  th e  unabsorbed s e ra . A ll r e s u l t s  were n eg a tiv e  

in  th e  experim ent using  normal mouse s e ra  p lu s absorbed and unabsorbed 

Lot 1 and Lot 2 c o n ju g a te s .

S p e c i f ic i ty  of Lot 1 and Lot 2 Conjugates 

Both of th e  con jugates were examined by th e  Imm unoelectro­

p h o re s is  techn ique  to  determ ine th e i r  s p e c i f i c i t y  fo r  mouse gamma­

g lo b u lin . The p r e c ip i t i n  p a t te r n  th a t  developed a f t e r  th e  e l e c t r o ­

p h o re tic  s e p a ra tio n  o f b o th  A /J and DBA/lJ s e ra  and th e  a d d itio n  of 

e i th e r  Lot 1 or Lot 2 con jugate  in d ic a te d  th a t  the  a n t is e r a  were
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s p e c if ic  fo r  mouse gam m a-globulin. Only 1 p r e c ip i ta t io n  band developed 

in  each t e s t .  The band formed a t  th e  ca thod ic  end of th e  s l id e  and was 

a long , s l ig h t ly  curved a rc ,  c h a r a c te r i s t ic  o f gam m a-globulin.

E le c tro p h o re tic  S ep ara tio n  and I s o la t io n  
o f A n ti-n u c lea r  A ntibody A c tiv ity

E luates  of s ta rc h  b locks co n ta in in g  e le c t r o p h o r e t ic a l ly  sepa­

ra te d  mouse serum p ro te in  f r a c t io n s  were te s te d  f o r  t h e i r  gamma-globu­

l i n  co n ten t and a lso  t h e i r  r e a c t iv i t y  w ith  c a l f  thymus DNP sp o ts  and 

human leukocy te  n u c le i .  The r e s u l t s  a re  shown in  Table 6 . a / J  mouse 

serum pools 1 and 2 were known to  co n ta in  a n t i-n u c le a r  an tibody  a c t i ­

v i ty  and pool 5 was known to  be n eg a tiv e  (Table 2 ) . E lua tes  1 and 2 

of each of th e  se ra  were expected to  co n ta in  predom inantly  gamma­

g lo b u lin  s in ce  th ey  were e lu te d  from s e c tio n s  of th e  s ta rc h  blocks 

which were near the  o r ig in .  The rem ainder of th e  e lu a te s  were ex ­

pected  to  co n ta in  o th e r serum p r o te in s . Ring t e s t s  perform ed w ith  

each e lu a te  and anti-m ouse gamma-globulin (u n d ilu te d  Lot 1 con jugate) 

rev ea led  th a t  e lu a te s  1 and 2 o f each serum p o o l con ta ined  most o f 

th e  gam ma-globulin. Comparison o f a n t i-n u c le a r  an tibody  a c t iv i t y  

w ith  gamma-globulin co n ten t in  each e lu a te  in d ic a te d  th a t  th e  a n t i -  

n u c lea r an tibody  a c t iv i t y  m igrated  w ith  gam ma-globulin under the  

co n d itio n s  of th i s  experim ent. The e lu a te s  from th e  s ta rc h  b locks 

p repared  w ith  poo l 5 serum d id  no t r e a c t  in  th e  2 t e s t s  f o r  a n t i -  

n u c lea r an tibody  a c t iv i t y .

Types of A n ti-n u c le a r  Antibody A c t iv i t ie s  in  th e  Blood 
of H^month-old A /J Female Mice (R e tire d  B reed e rs)

Ten p o s i t iv e  and 6 n eg a tiv e  m ice, s e le c te d  on th e  b a s is  o f th e
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TABLE 6

RECOVERY OF AETI-MUCLEAR ANTIBODY ACTIVITY FROM STARCH 
BLOCKS AFTER ELECTROPHORESIS OF A /J SERUM POOLS

Pool
number

E luate
number®'

E lu a te  te s te d  w ith ;

Anti-mouse ^  

gam ma-globulin
C alf thymus 

DNP®
Leukocyte

n u c le i

- 1 1 +++ +++ +4+
1 ' 2 •f+ + ■ +
1 3 4- -

1 4 - - -

1 5 - _

1 6 - - -

1 7 -

1 8 - -

1 9 - - -

2 1 +++ +++ 444
2 2 +++ ++ 44,
2 3 + + 4
2 4 - - _

2 5 - -

2 6 - -

2 7 -

2 8 - -

2 9 - - -

5 1 +++ -

5 2 . f - _

5 3. , - - -

5 4' - - -

5 5 - - -

5 6 — - am

5 T - - -

5 8 - -

E luate  number corresponds "to th e  number g iven  each 1 cm 
s e c tio n  of the  b lo ck  from which serum p ro te in s  were e lu te d .

^ In te n s i ty  of r in g  r e a c tio n  in  r in g  t e s t .

*^Calf thymus DNP sp o t t e s t .

Human p e r ip h e ra l  blood le u k o cy te s .
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r e s u l t s  ob ta ined  w ith  th e  c a l f  thymus DNP sp o t t e s t ,  were examined to  

determ ine i f  th e i r  a n t i -n u c le a r  an tibody  would r e a c t  w ith  c a l f  thymus 

DNA s p o ts ,  induce LE c e l l  fo rm ation  ^  v i t r o , and /o r combine w ith  th e  

n u c le i of mouse, r a b b i t ,  and human' le u k o c y te s . These r e s u l t s  a re  shown 

in  Table 7* None of th e  s e ra  con ta ined  anti-DNA an tibody  a c t iv i t y  th a t  

could be d e te c te d  w ith  th e  c a l f  thymus DNA sp o t t e s t .  Four of th e  10 

se ra  which con ta ined  anti-DNP a n tib o d ie s  d id  no t produce LE c e l l s .

Both mice th a t  had a minimal amount (+) of anti-DNP an tibody  a c t iv i t y  

f a i l e d  to  form LE c e l l s  and 2 of th e  4 th a t  had ++ anti-DNP an tibody  

a c t iv i t y  a ls o  f a i l e d  to  form LE c e l l s .  In  c o n t ra s t ,  a l l  of th e  mice 

th a t  were ++f in  th e  DNP sp o t t e s t  formed LE c e l l s .  A ty p ic a l  LE c e l l  

i s  shown in  F igure 3- With one ex ce p tio n , mouse 4-5, th e  s e ra  of a l l  

mice th a t  were determ ined to  have anti-DNP an tibody  a c t iv i t y  a lso  r e ­

ac ted  w ith  th e  n u c le i of mouse, r a b b i t ,  and human le u k o cy tes . The 

amount o f a n t i-n u c le a r  an tibody  a c t iv i t y  p re se n t in  each serum sample, 

expressed  as +++, ++, +, or - ,  i s  ap p a re n tly  es tim a ted  w ith  about th e  

same s e n s i t i v i t y  w ith  each of th e  im m unofluorescent t e s t s  s in ce  in  no 

case was th e re  a d e v ia tio n  of more than  one + w ith  any of th e  p o s i t iv e

serum sam ples. In  c o n t ra s t ,  th e  LE c e l l  t e s t  does no t appear to  be as

s e n s i t iv e  as th e  im m unofluorescent t e s t s  s in ce  i t  was observed th a t  4 ' 

of 10 mice whose s e ra  con ta ined  a n t i-n u c le a r  an tibody  a c t iv i t y  d id  no t 

form LE c e l l s . Six s e ra  which were n eg a tiv e  by th e  c a l f  thymus DNP

sp o t t e s t  were a lso  n eg a tiv e  by a l l  o th e r t e s t s  used .
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TABLE T

COMPARISON OF ANTI-NUCLEAR ANTIBODY ACTIVITIES
IN 8-MONTH-OLD A /j  FEMALE MICE

Mouse
number

Calf.thym us 
DNP spo ts

C alf thymus 
DNA spo ts

LE c e l l s Mouse
LN^

Rabbit
LN

Human
LN

1 +++ - bp o s . +++ +++ 444

12 -f-f - .pos. +++ ++ ' 44

18 -f - cneg . + + 4

26 - - neg. - - ' -

27 - - neg. - - -

28 - - neg. - - -

34 +++ - p o s , +++ +++ 444

35 - neg. + + 4

37 ++ - p o s . +++ +4 44

42 +++ - p o s , +++ 444 444

44 - " neg. -

45 4 neg. -

46 - - neg. - -

47 - - neg. -

48 ++ . - neg. ++ 4 4

6l + 4+ pos. +++ 444 444

LN = leukocyte n u c le i.

^Pos. =  p o s i t iv e  LE c e l l  p re p a ra tio n .

‘̂ Neg. = n eg a tiv e  LE c e l l  p re p a ra tio n .
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Figure 3 . LE c e l l  produced by an 11-m onth-old mouse of the  
a / j  s t r a i n .
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Inc idence  of A n ti-n u c le a r  Antibody A c tiv i ty  in  Mice

A n ti-n u c le a r  A ntibod ies in  A/j  Mice 

I t  was o f in t e r e s t  to  determ ine what p ercen tag e  of 8 -m onth-old 

r e t i r e d -b re e d e r  mice develop a n t i-n u c le a r  an tibody  a c t i v i t y  spon tane­

o u sly , w hether o r no t a d d i t io n a l  m ice.develop  an tib o d y  w ith  in c re a s in g  

age, and w hether o r no t mice th a t  become p o s i t iv e  in  th e se  t e s t s  rem ain 

p o s i t iv e  perm anently . I t  was a ls o  hoped th a t  th e  age a t  which anti-BNP 

an tibody  a c t iv i t y  beg in s to  appear in  A/j  mice could  be determ ined  by 

stu d y in g  th e  s e ra  o f ag ing  v irg in  mice.

F i f ty  8-m onth-old A /J fem ales and 50 males t h a t  had been r e ­

t i r e d  from b reed ing  s to ck s  were b le d  a t  weekly in te r v a ls  fo r  k  weeks 

and t h e i r  s e ra  were te s te d  fo r  th e  p resence of anti-DNP an tib o d y  a c t i ­

v i ty .  'ihe r e s u l t s  of t e s t s  w ith  th e  s e ra  of th e  fem ale mice à re  shown 

in  Table 8 . I n i t i a l l y ,  3^^ o f th e  mice had anti-DNP an tibody  a c t iv i t y  

in  t h e i r  s e ra .  A fte r  4 weeks, 36$ were p o s i t iv e .  1‘wo mice th a t  were 

o r ig in a l ly  n eg a tiv e  (numbers 7 and 24) became p o s i t iv e  a f t e r  2 weeks. 

With one .excep tio n  (number 17 ) , a l l  mice th a t  were o r ig in a l ly  p o s i t iv e  

a t  8 weeks of age rem ained p o s i t iv e  th roughout th e  k-week o b se rv a tio n  

p e r io d . The r e s u l t s  of th e  s tu d ie s  w ith  th e  male mice a re  p re se n te d  

in  Table 9 . At th e  beg inn ing  of th e  s tu d y , l8 ^  of th e  anim als had 

a n t i -n u c le a r  an tib o d y  a c t iv i t y .  At th e  end of th e  o b se rv a tio n  p e r io d , 

20fo of th e  mice were p o s i t iv e .  None o f th e  p o s i t iv e  m ales became nega­

t iv e  du ring  th e  ex p erim en ta l p e r io d , and only 1 n eg a tiv e  mouse (number 

4) developed anti-DNP an tib o d y  a c t iv i t y .

The d if fe re n c e  between males and fem ales in  th e  p ercen tag e  of 

p o s i t iv e  anim als i s  c l e a r ly  dem onstrated in  Table 10, which in c lu d es
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TABLE 8

INCIDENCE OF ANTI-DNP ANTIBODY ACTIVITY^
IN ADULT FEMALE A/J MICE

Mouse
number

Age in  months

8 ' 8 1/4 8 1 /2 8 3/4 9

1
2
3
k + 4-

-

+ + +
5 ■
6

- - - - -

T
8

- - + + ++

9 ++ ++ ++ ++ ++
10 - - - - -

11 - - - -

12 ++ ++ .+++ + + + +++
13 - - - - -
l l +++ +++ +++ + + + +++
15 - - - - -

l6 - - - - -

17 + + + - +
18 + + + + +
19 ++ + + ++ + + ++
20 - - - -

21 - - - - -

22 + + + + +
23 + + 4* + +
2k - - 4- + ++
25 + + 4-4- + + ++
26 - - - _ »

27 - - - - _

28 + + 4- +
29 - - - - -
30 - - -■ - -

31 + + 4- + -
32 ++ ++ 4-4- + + + ++
33 - - - _

34 - - - - -

35 + + 4- + ++

Determined with c a lf  thymus DNP spot t e s t .
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TABLÉ 8 - -Continued

Mouse
number

Age in  months

8 8 1/4 8 1 /2 8 3/4 . 9 ■

36 _ _

37 - - - - -

38 - - - - -

39 - - - - _

ho - - _ _

h i - - - - -

42 ++ ++ ++ +++ +++
^3 - - - - -

44 - _ _

45 - - - - _

46 - - - -

47 + + + +
48 ++ ++
49 - - - - -

50 - -

Percent
p o s itiv e .34# 34# 38$ 36$ 36$

Determined w ith  c a l f  thymus DMP.spot t e s t .
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TABLE 9

INCIDENCE OF ANTI-DNP ANTIBODY ACTIVITY
IN ADULT MALE A/J MICE

Mouse
number

Age in  months

8 1 /4 8 1/2 8 3 /4

1
2
3
4
5
6
7
8
910
11
12
13
14
15
16
17
18
19
20 
21 
22
23
24
25
26
27
28
29
30
31
32
33
34

+++ +++ ++ +++

+
+

++

+
+

+
+

++

+
+

+++ +++ +++

+++

+

+
+

Determined w ith c a lf  thymus DNP spot t e s t .
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TABLE 9 ~“Continued

Mouse
Age in  months

number
8 8 1 /4 8 1 /2 8 3/4 9

35 + + ++ ++ +4-+
36 - - - - -
37 - - - - -

38 - - - - -
39 - - - - -

Lo - - - - -

k i ++ ++ +++ +++ +++
k2 - - - -
43 + + + +
44 - - - _
45 - - - -
46 - - _
47 - - - - -
48 - - « _
49 - - - - -
50 - -

P ercen t
p o s i t iv e l8 $  . l8 ^ l8 $ 18{6 20^

Determined w ith  c a l f  thymus DNP sp o t t e s t .
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TABLE 10

INCIDENCE CF ANTI-DNP ANTIBODY ACTIVITY IN ALL 
9 -MONTH-OLD A/j  MICE EXAMINED

Sex Number of Number of Percen t
mice te s te d mice p o s it iv e p o s it iv e

Female 505 l 8 l 35 .8

Male 556 132 23 .7
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th e  r e s u l t s  seen w ith  th e  se ra  of a l l  9 -month-old. mice th a t  were te s te d  

fo r  anti-DNP an tibody  a c t iv i t y .  I t  can be concluded th a t  th e re  i s  a , 

s ig n if ic a n t  d if fe re n c e  a t  th e  0 .01  confidence le v e l  ( t  = 3 -05 ) between 

th e  percen tage of p o s it iv e  fem ales (35*8^) and th e  percen tage  of p o s i­

t iv e  males ( 27 . 3^ ) .

Two groups of a d u l t ,  r e t i r e d -b re e d e r  A /J mice were s tu d ie d  to  

determ ine i f  the  inc idence  of a n t i-n u c le a r  an tibody  a c t iv i t y  in c re a se s  

w ith  age. In  th e  f i r s t  s tudy , a l l  mice (fem ales and m ales) were b led  

a t  vario u s  in te rv a ls  during aging and th e  se ra  were examined f o r  an ti--  

nuc lear an tibody  a c t iv i ty .

The r e s u l t s  w ith  s e ra  ob ta ined  by rep ea ted  b leed in g s of aging 

fem ales a re  shown in  Table 11. T h ir ty -fo u r  p e rce n t of th e  mice had 

a n t i-n u c le a r  an tibody a c t iv i t y  in  th e i r  s e ra  when th ey  were 8 months of 

age. When they  were 13^- months o f age, 63^ were p o s i t iv e .  I t  appeared 

th a t  during th e  observ a tio n  p e rio d  th e re  was a g rad u a l in c re a se  in  th e  

number of fem ale mice th a t  had anti-DNP an tib o d ie s  in  t h e i r  s e ra .  A 

s im ila r  tre n d  was observed in  th e  d a ta  d e riv ed  from te s t in g  th e  serum 

of aging a / j  male mice fo r  a n t i-n u c le a r  an tibody  a c t iv i t y  (Table 1 2 ). 

Although th e  percen tage of p o s i t iv e  8-m onth-old males appeared to  be 

lower than  th e  percen tage  of p o s i t iv e  8-m onth-old fem ales (Table l l ) ,  

and even though i t  was dem onstrated th a t  th e re  was a s ig n i f i c a n t  d i f ­

fe ren ce  in  th e  percen tage of p o s i t iv e  fem ales and males a t  9 months of 

age ( Table 1 0 ), th e  d if fe re n c e  between males and fem ales a p p a re n tly  

dim inishes as th e  mice become o ld e r . At 13^ months of age th e re  does 

not appear to  be any d if fe re n c e  between the  percen tage o f p o s i t iv e  males 

and fem ales (Table 11 and Table 12; t  = 0 .^ 5 ) . I t  can a lso  be seen  th a t
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TABLE 11

INCIDENCE OF ANTI-DNP ANTIBODY ACTIVITY^
IN AGING ADULT FEMALE A/J MICE .

Mouse
number

Age in  months

8 9 10 3A 12 1 /2 13 1 /2

1
2
■3

- .
-

+++
J
k + ++ ++ ++ ++
5 - - - ++
6
7

++ +++ ++ +++ +++
(
8
Q

+ ++ + + +
y

10 _ _

11 + + ++ ++ ++
12 +++ +++ +++ +++ +++
13 ++ ++ ++ ++ +++
l4 ++ ++ ++ + ++
15 - - ■■ +++ ++
l6 ++ ++ ++ +++ +++
17 - - + + +
18 - + + ++ +++
19 - - - + +
20 + + 4- + ++
21 - - - - +
22 - - — _

23 - + + + +
2k - - - w.

25 - - - -

26 + + + + +
27 - - - -

28 - - - — +
29 - - + + ++
30 - - - - -

31 +++ +++ +++ +++ +++
32 - - - - -

33 ++ ++ ++ +++ +++
3^ - - - + -

^Determined w ith c a lf  thymus DNP spot t e s t .
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TABLE 1 1 --Continued

Mouse
Age in  months

number
8 9 10 3/k 12 1 /2 13 1 /2

35 _

36 +++ +++ 4 + ++ - +
37 - - - _

38 - - - -

39 + + ++ 4 4
ho -r + 4- 4 4-
h i - - _

k2 _ •Ml _ T +-
43 - - -

kh - - -

+̂5 + + 4 4
k6 - MM _

h i — + 4 4 4
48 - - - 44 4 J .4 .

49 +4-f- 4 + 4 + 4 + 444 4 4 4
50 4 4 44-

P ercen t
p o s i t iv e 34^ 38^ 46# 54# 63#

^Determined w ith  c a l f  thymus DNP sp o t t e s t .

b le e d in g s .
0 = anim al d ied  between th e  12 l / 2  and th e  13 l / 2  month
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TABLE 12

INCIDENCE OF ANTI-DNP ANTIBODY ACTIVITY
IN AGING ADULT MALE A/J MICE

Mouse
number

Age in  months

8 10 3/4 12 1 /2 13 1 /2

1 + + +
2 - + 0 0
3 ++ 4-4- ++ ++
k - - - -
5 - - + +
6 ++ +4-4- +++ ■ +++
7 ++ ++ ++ ++
8 - - - -
9 +++ +++ +++ +++

10 - - - -
11 - - — _

12 - + - +
13 - - - +
I k ++ +++ +++ ++
15 - - - _
l6 - - - +
17 - - - -
18 + + ■+ ++
19 + + + +
20 + ++ +++ ++
21 - - + +
22 - - - _
23 - - - _

2k - ++ + +
25 - + + +
26 - + + +
27 - ++ .+ +
28 - ++ + ++ .

29 - ' - -
30 - +++ +++ +++
31 - - ++ ++ .
32 - - -

Determined w ith  c a l f  thymus DNP spo t t e s t ,  

0 = anim al d ied  b e fo re  12 l / 2  months.
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TABLE 12—Continued

Mouse
Age in  months

number
8 10 3/4 12 1 /2 13 1 /2

33 +
34 - ■ - - +++
35 - - « +
36 - - - +
37 - - ' + ++
38 - - ++
39 - - - +
1+0 - - » _

1+1 . + + +
1+2 - - _ +
43 - - - -
1+4 _ _ ' „
45 - - _ _

46 ' _

47 - - - _
48 - - + +
49 - - + +
50 ++ ++ ++

P ercent
p o s it iv e 20# 38# 44.9# 6 7 . 3#

Determined w ith  c a l f  thymus DKP spo t t e s t .  

0 = anim al d ied  b e fo re  12 l / 2  months.
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mice whose s e ra  showed a ++ o r g re a te r  r e a c tio n  a t  8 months of age d id  

no t dem onstrate any- d ecrease  in  a c t i v i t y  w ith  in c re a s in g  age. No c o n s is ­

t e n t  p a t te rn  in  th e  spontaneous conversion  of mice to  p o s i t iv e  could he 

observed. Some mice d id  no t become p o s i t iv e ,  some developed + re a c tio n s  

and stayed  a t  t h i s  le v e l ,  and o th e rs  developed +++ re a c tio n s  and rem ained 

a t  t h i s  maximum le v e l .

In  th e  second s tu d y , f iv e  groups of r e t i r e d -b r e e d e r  A /j fem ales 

and males were b le d  and a l l  s e ra  were te s t e d  fo r  th e  p resence of a n t i -  

n u c lea r an tibody  a c t iv i t y .  A ll mice in  each group were th e  same age, 

bu t each group of mice was b led  when th ey  were a d i f f e r e n t  age. Table 

13 co n ta in s  th e  r e s u l t s  ob ta ined  w ith  th e  fem ale m ice. The inc idence  

of anti-DNP an tibody  a c t iv i t y  in  th e se  mice in c reased  from 3^^ a t  8 

months of age to  90^ a t  23 months of age. The in c re a se  was s t a t i s t i ­

c a l ly  s ig n if ic a n t  (p = O.OOl). In  Table l4  a re  shown d a ta  ob ta ined  w ith  

s e ra  from the  v a rio u s  groups of male m ice. The inc idence  of p o s i t iv e  

anim als in  th e se  groups in c re a sed  from l8% a t  8 months o f age to  67 . 3^ 

a t  13^ months of age. This in c re a se  was a lso  s t a t i s t i c a l l y  s ig n i f ic a n t

(p  = 0 . 001),

I t  was a lso  of in t e r e s t  to  determ ine th e  age a t  which A /j mice 

beg in  to  produce a n t i-n u c le a r  a n tib o d ie s  spon taneously . In  th e  f i r s t  

s tudy , 48 fem ale v irg in  mice were b le d  when th ey  were 1 3/^  months o ld  

and a t  in te rv a ls  th e r e a f te r  u n t i l  th ey  were 19 3 A  months o ld . A ll  s e ra  

were te s te d  f o r  a n t i-n u c le a r  an tibody  a c t iv i t y  w ith  th e  c a l f  thymus DNP 

spo t t e s t .  The r e s u l t s  of t h i s  s tudy  a re  con ta ined  in  Table 15. None 

of th e  fem ales developed anti-DNP an tibody  a c t iv i t y  between 1 3/^  and 

5 1 / 2  months o f age. When th e y  were 8 l / 4  months o ld , on ly  3 mice ( 6 . 3^)
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TABLE 13

INCIDENCE OF ANTI-DNP ANTIBODY ACTIVITY 
IN FEMALE A /J MICE OF VARIOUS AGES

Age in  months

8 10 12 13 1 /2 23

T o ta l number 
te s te d 50 50 49 50 20

P ercen t
p o s it iv e 3^$ 44$ 63$ 66$ 90$
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TABLE I k

INCIDENCE OF MIT-DNP'ANTIBODY ACTIVITY 
IN MALE A/J mice OF VARIOUS AGES

Age in  months

8 9 10 12 1 /2 13 1 /2

T o ta l number 
te s te d 50 50 50 50 49

Percent
p o s it iv e

„

l8 ^

. ______________

40{6 54$ 67 . 3$
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TABLE 15

INCIDENCE OF ANTI-DNP ANTIBODY ACTIVITY''
IN AGING VIRGIN FEMALE A/J MICE

Mouse
Age in months

number
1 ;V 4 2 3 /2 3 1/4 4 5 ]V ^ 8 1/4 19 3/4

1 0
2 - - - - - - - +++
3 - - - - - - — +
k - - - - - - - 0
5 - - - - - - - 0
6 - - - — - - — -
T - - - - — - - +++
8 - - - — - 0
9 - - - - - - - +++

10 - - — - - - - ++
11 - - - - — - — +++
12 - - - - - - ++ ■+++" -
13 - - ■ - - " 0
i k - - - - - - +++
15 - - - - - — - 0
l6 - - - - - - - +
17 - - - - — - +++
18 - - - - - - - 0
19 - - - - - — - +++
20 - - - - - -
21 - - - - - - +++
22 - - - - - » - -
23 - - - - - - - -

24 - - - - - - - -

25 - - _ - - +
26 - - - - - - - 0
27 - - - - - - - 0
28 - - - - - - - 0
29 - - - - - - - +
30 - - - - * — - +++
31 - - - - - 0
32 -

Determined w ith  c a l f  thymus DNP spot t e s t .  

0 = anim al not a v a i la b le .
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TABLE 15 --Continued

Age in  months
Mouse
number

t t f

Percent.
P o s itiv e

^Determined w ith  c a l f  thymus DNP sp o t t e s t .

0 = anim al no t a v a ila b le
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had become p o s i t iv e .  At th e  end of 19 3/^ months, T6 .6# had developed 

anti-DNP an tibody  a c t iv i t y .  F i f ty  male mice were a lso  b led  a t  3-week 

in te rv a ls  beginning when th ey  were 1 3A  months old and co n tin u in g  u n t i l  

they  were 5 l / 2  months o ld . None of th e  mice developed anti-DNP a n t i ­

body a c t iv i t y .  These anim als were no t s tu d ie d  beyond th i s  age.

Although th e  inc idence of a n t i-n u c le a r  an tibody  a c t i v i t y  in  

8 l/U -m onth-old  v irg in  fem ale mice appeared to  be low er than  th a t  of 

th e  8- to  9-m onth-old r e t i r e d -b re e d e r  A /j fem ales, th e  d a ta  in  Table l 6 

in d ic a te  th a t  th e  observed in c re a se  in  inc id en ce  of anti-DNP an tibody  

a c t iv i t y  in  v irg in  fem ales between 5 l /2  and 19 3/^  months of age i s  

s t a t i s t i c a l l y  s ig n if ic a n t  (p  = 0 .0 0 1 ). O bservations were a lso  made on 

se ra  c o l le c te d  from groups of v irg in  A/J male mice of v a rio u s  ages 

(Table IT ). Although none of the males in  1 he ') l/2 -m o n th -o ld  group 

had anti-DNP an tibody  a c t iv i t y ,  th e  inc idence  in  th e  8 l/ t-m o n th -o ld  

group was 10%. The inc idence  in c reased  to  31-7% in  the 10-m onth-old. 

group. The in c re a se  between 5 l /P  and 10 months of age i s  s t a t i s t i ­

c a l ly  s ig n if ic a n t  (p  = 0 .0 0 1 ). These d a ta  a lso  in d ic a te  th a t the  

spontaneous appearance of a n t i-n u c le a r  an tibody  a c t iv i t y  in  the  v irg in  

male mice occurred a t  about the  same ra te  as i t  d id  in  r e t i r e d -b re e d e r  

m ales. This can be seen by comparing th e  d a ta  in t h i s  ta b le  w ith  th a t  

in  Table l 4 .

Although i t  was shown in  Table 7 th a t 8-m onth-old A /J mice 

ap p aren tly  d id  no t produce anti-DNA an tib o d ie s  spon taneously , i t  was 

of in t e r e s t  to  determ ine i f  o ld e r mice would develop an tibody . For 

th i s  purpose, 50 fem ale mice were b led  p e r io d ic a l ly  and th e i r  se ra  

te s te d  f o r  both  anti-DNP and anti-DNA a n tib o d ie s . A ll of th e  mice
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TABLE 16

INCIDENCE OF ANTT-DNP ANTIBODY ACTIVITY IN 
VIRGIN FEMALE A/j  MICE OF VARIOUS AGES .

Age in  months

5 1 /2 8 1 /4 19 3 /k

T o ta l  number 
te s t e d 50 Uo 30

Percent
p o s i t iv e 0% 1 2 . 5* 7 6 . 6#



TABLE 17

INCIDENCE- i'F AKI-DNP ANTIBODY ACTIVITY IN 
VIRGIN MALE A/J MICE OF VARIOUS AGES

Age in  months

5 1/P 8 l /k 10

T o ta l number 
te s te d  . 50 bo b i

P ercen t
p o s it iv e 0$ 10$ 31.7$
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were r e t i r e d  b re e d e rs , Ihe r e s u l t s  of th e se  t e s t s  a re  p re sen te d  in  

Table l8 ,  Although th e se  mice were found to  have an in c re a se  in  i n c i ­

dence of an ti-I 'N f an tibody  a c t iv i t y  w ith  in c re a s in g  age, s im ila r  to  

th a t seen in  the e a r l i e r  experim ents w ith  fem ale mice (T a b le s .11 and 

13 ) ,  th ey  showed no anti-DNA an tibody  a c t iv i t y  u n t i l  th ey  were 23 

months o ld . however, t e s t s  were no t perform ed on th e se  mice between 

12 and 23 months of age, At 23 months of age, 6 of 19 mice ( 3 1 .6$) 

had anti-DNA a n tib o d ie s  d e te c te d  w ith  th e  DNA spo t t e s t  and I J  of 19 

mice (8 9 ,4%' had anti-T'NF an tibody  in  th e i r  se ra -

Incidence of A n ti-n u c lea r  Ar.tibody A c t iv i ty  
in . .t,her Isogen ic  S t r a in s  of Mice

A n ti-n u c lea r  an t ib o d ie s  in  aging DBA./1I' mice , Previous t e s t s  

w ith  pooled se ra  (Table l )  suggested th a t  I.BA/iJ mice d id  not develop 

anti-DNP an t ib o d ie s  spontaneously  b efo re  they  were 8 months o ld .  Since 

i t  was d e s i re d  to  use such a s t r a i n  as a c o n t ro l  in  c e r t a in  experim ents, 

a group of r e t i r e d - b r e e d e r  DBA/1D mice of va r ious  ages was obta ined  and 

t h e i r  in d iv id u a l  s e ra  were te s t e d  fo r  a n t i  - nuclear  antibody a c t i v i t y .

The r e s u l t s  of th e se  t e s t s  are  shown in  la o le  19■ Due to  th e  n a tu re  

of th e  r e s u l t s ,  th e  d a ta  were pooled and not sep a ra te d  according to  

sex. I t  can be seen th a t  none of the  s e ra  had a n t i-n u c le a r  an tibody  

a c t iv i t y  t h a t  could be d e te c te d  w ith  c a l f  thymus DNP, DNA, or the  n u c le i 

of human p e r ip h e ra l  blood le u k o cy tes . I t  would appear th a t  mice of th i s  

s t r a i n  do no t develop th e  autoimmune co n d itio n  spon taneously , a t  l e a s t  

no t b e fo re  th ey  a re  18 months of a g e .

A n ti-n u c le a r  a n tib o d ie s  in  aging AIT:F1 m ice .. The in c id en ce  of 

a n t i -n u c le a r  an tib o d ie s  in  aging v irg in  AJDFl mice i s  shown in  Table 20.
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TABLE 18

INCIDENCE OF ANTI-DNP AND ANTI-DNA ANTIBODY 
ACTIVITIES IN AGING FEMALE A /J MICE

Age in  months

Mouse
3 10 1 . 3

number
DNP^ DNÂ DNP DNA DNP

■
DNA DNP DNA

1 _ . 0 0
2 - - - - - + +
3 + - + - ++ - + +
4 - - - - - - +++ -
5 . - - - - + - + ++
6 - - - - - - + -

7 - - - - - - + + -
8 + - + + - + + + - +

9 - - - - + + - + + + -
10 - - - - + - ++ - -
11 - - - - +++ - 0 0
12 - - - - - - 0 0
13 - - + - + - 0 0
l4 + - + - ++ - 0 0
15 - - - - - - - 0 0
16 - - - - ++ - - -
17 + - - - + - 0 0
18 + - + - ++ - + -
19 - - - - - - +++ -
20 + - + - ++ - 0 0
21 - - - - + + + - + + -
22 ++ - +4- - ++ - ++ +
23 - + - ++ - 0 0
24 - - + - ++ - 0 0
25 - - - - + - + + -
26 - - - - - - 0 0
27 + + + - + + + - + + + - 0 0
28 + + + - + + - + + + - 0 0
29 + - + +  ■ - + + - 0 0
30 + 0 0

&DNP = c a l f  thymus DNP spo t t e s t ,  

^DNA = c a l f  thymus DNA sp o t t e s t . 
0 = anim al no t a v a i la b le .
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TABLE 18- . Continued

Age in  months

10
Mouse
number

ÆADm DNP DNP DNA DNA

■f ^

++

Percen t
p o s it iv e 66^

^'NP = c a l f  thymus DNP spot t e s t .

■̂ DNA = c a l f  thymus DNA spo t t e s t .  

0 =■ anim al not a v a i la b le ,
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TABLE 19

INCIDENCE OF ANTI-NUCLEAR ANTIBODY ACTIVITY 
IN DBA/IJ MICE OF VARIOUS AGES&

Age in T est
I n te n s i ty  o f flu o resce n ce

months
+ +■ 4.-

8 C alf thymus 
DNP spo ts

o /io 6 ^ 0/106 0/106

8 Human  ̂
leukocy tes

0/106 0/106 0/106

18 C alf thymus 
DNP spo ts

0/50 0/50 0/50

18 C alf thymus 
DNA spo ts

0/50 0/50 0/50

Pooled d a ta  fo r  b o th  sexes =

^Number of s e ra  p ositive /num ber o f s e ra  te s te d .

'Human p e r ip h e ra l  b lood leukocy tes ,
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TABLE 20

INOIBENCE OF. MlI-ïfJCLEAF. AfTIIBOLÏ ACI'IVIIT 
IN AJBFl MICE OF VARIOUS AGES*

Age in T est
I n te n s i ty  of flu o resce n ce

months
4++ 44' 4

9 C alf thymus 
DNP spo ts

0/82% 0/82 0/82

9 C alf thymus 
DNA sp o ts

0/82. 0/82 0/82

16 C alf thymus 
DNP spo ts

0/80 0/80 o/8o

16 C a l f  ' hymus 
PNA spo ts

0/80 o/8o o/8o

Pooled dare, fo r  bo th  sexes.

Number of s e ra  p ositive /num ber of s e ra  te s te d .
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These FI hybrid  mice were the  progeny of a/ j  females and DBA/lJ m a le s . 

None o f  th e  s e ra  con ta ined  d e te c ta b le  a n t i -n u c le a r  an tibody  a c t i v i t y .

A n ti-n u c le a r  an t ib o d ie s  in  aging ANZBFl m ice . These hybrid  

mice were obta ined by mating A/J females w ith  NZE/B1 males. Groups 

of the  hybrid  males and females were b led  and t h e i r  s e r a ,  or b loods, 

were examined fo r  the  p resence of a n t i -n u c le a r  a n t ib o d ie s .  The r e ­

s u l t s  of the se  experiments are  conta ined  in Table 11. Tt can be seen 

th a t  14 of P.O females and 5 of 19 males had developed anti-DNP a n t i ­

bodies spontaneously  by the  time they  were 3 l /Z  months o ld .  These 

se ra  were not examined fo r  anti-DNA a n t ib o d ie s .  Although not a l l  mice 

were b led  when they were 5 l / l  months o ld, sera  from a l l  of the 9 f e ­

males th a t  were b led  and te s t e d  fo r  anti-LNF antibody ac^iv i+y were 

p o s i t iv e .  A ll  but 1 of the  9 males t e s t e d  had anti-DNP an tibody  a c t i ­

v i t y .  I t  can a lso  be seen th a t  a l l  of the females th a t  had anti-DNP 

an t ib o d ies  a lso  had anti-DNA a n t ib o d ie s ,  None of the mice was found 

to  have anti-DNA an tibody  only. Sera from 6 of 9 male mice had a n t i -  

DNA antibody a c t i v i t y .  One of the  3 males th a t  d id  not develop a n t i -  

DNA an t ib o d ie s  by 5 l / 2  months of age was the  only one th a t  was not 

p o s i t iv e  in  t e s t s  w ith  c a l f  thymus DNP. Although th e se  r e s u l t s  i n ­

d ic a te  th a t  a n t i - n u c le a r  an t ib o d ie s  were p resen t in  mos^ of the hy­

b r id  mice a t  5 l / l  months of age, only 1 female and none of the males 

produced IE c e l l s  ^  v i t r o . C e r ta in  of th e  mice t h a t  were examined 

when they were 3 l / P  months o ld  were a lso  b led  when they were 11 months 

o ld .  I t  can be seen th a t  a l l  females (9 of 9) had a n t i - n u c le a r  antibody 

a c t i v i t y  d e te c ta b le  w ith  both  DNF and DNA spot t e s t s .  However, s e ra  

from only $ of 8 males had anti-DNP an t ib o d ie s  and only 3 of th e se  5
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TABLE 9.1

INCIDENCE OF ANTI-NUCLEAR ANTIBODY ACIIVIIY
IN AGING ANZBFl MICE

Age in  months

5 1/2 11
Mouse
number

Sex

CT
DNF

LE
c e l l sDNP DNP DNA

female ++

++ neg,
neg.
neg. 
neg. 
neg ,

+ f

+ + 
-f- +■ +

10
+ + f + +■

++
++

+  +  -*-

+ + - ! -

CT DNP = c a l f  thymus DNP spot t e s t .  

^CT DNA.= c a l f  thymus DNA spot t e s t .  

0 = t e s t  not done.

Neg. = negative  LE-c e l l  p re p a ra t io n .  

Fos. = p o s i t iv e  LE c e l l  p re p a ra t io n .
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TABLE 21—Continued

Age in  months

3 1 /2 5 1/2 11
Mouse
number

Sex

CT, CT LE
c e l l s

10
11

male neg.
neg,
neg.

n eg . 
neg. 
neg. 
neg. 
neg.

+++

^CT LNF = c a l f  thymus DNP spo t t e s t

CT DNA = c a l f  Thymus DNA sp o t t e s t . 

0 -  t e s t  no t done.

Neg. = n ega t ive  LE c e l l  p re p a ra t io n .  

Pos, = p o s i t i v e  LE c e l l  p re p a ra t io n .
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s e ra  a lso  had arri-DNA a c t i v i t y .

An~i- n u c lea r  an t ib o d ie s  in  0^75176J mice: 'The Incidence of

a n t i -n u c le a r  an tibody a c t i v i t y  in  th e  s e ra  of C57BI/6J r - t i r e d .b r e e d e r s  

i s  shown in  Table 1 - ,  These mice were 8 months of age and were to  be 

used as negative  c o n t ro ls  in  l a t e r  experiments I t  was assumed th a t  

t h e i r  s e ra  would be n eg a t iv e ,  s ince  in  e a r l i e r  s tu d ie s  pooled se ra  from 

mice of t h i s  s t r a i n  d id  not co n ta in  d e te c ta b le  a n t i -n u c le a r  antibody 

a c t i v i t y  (Table 1 ) ,  However, the r e s u l t s  of the  p resen t  s ru iy ,  ob ta ined 

w ith  t e s t s  using in d iv id u a l  samples, revea led  th a t  CoTit/b.. mice do 

develop autoimmune a n t i - n u c le a r  an t ibod ies  spontaneously . As "he r e ­

s u l t  of +his f in d in g ,  +he idea  of using  mice of t h i s  s t r a i n  as a nega­

t i v e  c o n t ro l  was abandoned, and the  IBA/lJ. s t r a i n  was =ex-cted as a 

n ega t ive  c o n t ro l  s t r a i n .

I mmunization S tud ies  

Since i t  was e s ta b l i s h e d  t h a t  A/j  mice produce a n t i -n u c le a r  

an t ib o d ie s  spontaneously  and th a t  DEA/1J mice do n o t ,  i t  was of i n ­

t e r e s t  t o  determine i f  members of e i t h e r  of these  s t r a i n s  could be i n ­

duced to  produce a n t i -n u c le a r  an t ib o d ie s  fo llow ing immunization with 

va r ious  n u c lea r  and non-nuclear s u b s ta n c e s .

I n je c t io n  of 4 l / 2 -  and 8-month-old A/j  Mice 
w ith  Denatured Calf Thymus DMA or DNP 

Complete F reund 's  Adjuvant

In  Table 23 a re  d a ta  showing the  immunologic responses t h a t

were observed fo llow ing  the  immunization of 4 l /2 -m onth-o ld  v i r g in

females or 8-month-old r e t i r e d - b r e e d e r  fem ales. None of the  4 , l /? -

month-old mice had a n t i - n u c le a r  an tibody a c t i v i t y  in  t h e i r  se ra



TABLE LL

INCIDENCE OF ANTI-NUCLEAR ANTIBODY ACTIVITY
IN 8-MONTH-OLD C57BL/6J MICE

Intensity of fluorescence
Test

+++ ++ . + -

C alf thymus 
DNP spots 6/100^ 9 /1 0 0 1 0 /1 0 0 7 5 /1 0 0

C alf thymus 
DNA spots o /ioo 0 /1 0 0 0 /1 0 0 1 00 /100

^Number of reactive sera/total number tested.
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TABLE 23

SEROLOGIC RESULTS FOLLOWING IMMUNIZATION OF FEMALE: A/l 
MICE WITH 2 WEEKLY INJECTIONS OF CALF THYMUS LNP 

OR DNA IN COMPLETE FRELIE'S ADJUVANT

Results of serologic tests

Age Mouse
number

Antigen
injected

After 1 
injection

Before
injection

After 2 
injections

DNADNP
cells

DNP
DNP
DNF
DNP
DNP
DNP
DNA
DNA
DNA
DNA
DNA
DNA

neg : 
neg . 
neg. 
neg. 
n eg. 
neg,

none
none

neg, 
neg. 
neg. 
neg. 
neg.

none
none
none
none

^Calf thymus DNP spot tes
Calf thymus DNA spot test.
^HLN = human leukocyte nuclei, 
dL-E cell test; neg. - negative LE cell preparation, 

pos. - positive LE cell preparation.
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TABl'E 23- -Continued.

R esu lts  of se ro lo g ic  t e s t s

Age Mouse
number

A ntigen
in je c te d

Before
in je c t io n

A fte r 1 
in je c t io n

A fte r 2 
in je c t io n s

DNP^ DNÂ DNP DNA CNF DNA
c

HLN

..................

le '̂
c e l l s
.

8 mo. L DNP + : 4 + 44 p o s ,
5 DNF - - - ■ 4 pos.
6 DNP u-e-f - - 44+ p o s .
7 DNP - 4 *■ 4 ff * 4 4 1 pos .

8 mo 12 DNA fi - T f - 4 p o s .
I t DNA 4 t ■ + - 0 J 0 -,

1.5 DNA + 4 + ' 4-t- - - 44+■ pos ,
17 DNA + - - - 4 - 4 p o s .

8 mo 14 DNP - - •t'f p o s .
'-7 DNP - - 44 + - 4 4 + - 4 -Î-+ p o s .

DNF - - - - 4- - + p o s .
DNP - - - - 4+ - +4- pos „
DNP - - - 0 1

8 mo. •Ï . DNA - - - + 4 +■ p o s .
13 DNA - - - - + * 4 . pos 0

5 DNA - - 4 - +4-4- - 44 4 p o s .
11 DNA - 4 + - +4 pos
50 DNA _ - 4 - + 4 - +4 + pos.

8 mo. I none - - - - 1 neg .

2 none - - - - - - . - neg ,

3 none - - - ■ - - neg.
5 none - - - - - - neg.

■ 6 none - - - - * neg .
7 none

L_ - L I I neg.

C alf thymus DNF sp o t t e s t .

C alf thymus DNA spo t t e s t .

-  human leukocyt.e n u c le i.

c e l l  t e s t  ; neg.
p o s .

n eg a tiv e  LE c e l l  p re p a ra t io n , 
p o s it iv e  LE c e l l  p re p a ra tio n .

= anim al d ie d .
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before immunization. Ihe older mice tnar, were to be immunized were di­
vided into 2 groups. One group was composed of mice that had developed 
anti-nuclear antibody activity spontaneously. Ihe other group was nega­
tive before immunization. Six negative .controls were used with each age 
group.. One week after the first injection of .antigen, all mice were 
bled, and each was given a second injection of the appropriate antigen. 
One week later the mice were bled again and all sera and blood were ex­
amined for anti-nuclear antibody activity. None of the mice of either 
age group produced anti-DNA antibody. None of the 4 l/l-month-old mice 
was induced to produce anti-nuclear antibodies as the result of the in­
jections , It also seemed apparent that immunizations did not alter the 
pre-injection status of positive mice. In contrast to the younger mice, 
the negative 8-month-old mice that were immunized produced anti-IN? 
antibodies, AlthO'ugh not all of "hese mice produced anti-DNP antibody 
after 1 injection of either antigen, they all developed anti-DNP anti­
body after the second injection, All positive mice also produced LE 
cells. The uninjected control mice, which were bled and tested along 
with the experimental animals, did not develop anti-nucl-ar antibody 
activity during the course of the experiment.

Injection of 8-month-old Seronegative A/J 
Mice with Various Substances

Groups of seronegative male and female mice were injected with 
the antigens indicated in Table All of the mice were retired
breeders. All mice were injected on the same day. One week later, they 
were bled and then all, except those that were injected with BSA, were 
injected a second time with the appropriate material, A second bleeding



TABLE-?u

SEROLOGIC RESULTS FOLLOWING IMMUNIZATION 
OF 8-MONTH-OLD A/j  MICE LACKING 

ANTI-DNP ANTIBODY ACTIVITY

Sera reactive with calf (LI) and 
rabbit (PI ; thymus LNP.spots after:

Antigen Sex 1 in jection P. injections

CT DNP RT LNP C: DNF RT INP

CT DNP male L/6* u /6 4 /6 A/6
CT DNP r emale 3/6 3/6 4 /6 a/6
C3 BNP In complete 
Freund's adjuvant male A/6 4 /6 A/6 4 /6

CT DNF in complete 
Freund’s adjuvant female 3/6 3/6 6/6 6 /6

CT DNA in complete 
Freund's adjuvant male V 6 5/6 5/6 5/6

CT DNA in complete 
Freund's adjuvant female 0/5 0/5 3/5 3/5

Denatured CT DNA in 
complete Freund's 
adjuvant male V 5 3/5 3/5Denatured CT DNA in 
complete Freund's 
adjuvant female 2/5 ; / 5 3/5 3/5

Complete Freund's 
adjuvant male 4 /6 4 /6 4 /6 4 /6

Complete Freund's 
adjuvant female 4 /6 4/6 4 /6 4/6

Incomplete Freund's 
adjuvant male 0/6 0/6 .0 /6 0/6

Incomplete Freund's 
adjuvant female 0 /6 0/6 0 /6 0/6

BSA, ifO mg'b female 2/5 2/5 4/5 4/5
BSA, 2 mgT: _ female 2/4 2/4 2/4 2/4
BSA, 20 mcg° female 2/4 2/4 2/4 2/4
Control, no injection male 0/l6 0 /l6 0 /l6 o /i6
Control, no injection female o /i6 0 /l6 0 /l6 0 /l6

^Number of positive mice/total number of mice immunized =
^Only 1 injection of BSA was given; animals were bled when 

those in all other groups were bled.
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was performed 1 week l a t e r .  A ll  of the  s e ra  were examined f o r  anti-DNP 

an tibody  a c t i v i t y  w ith  the  c a l f  and r a b b i t  thymus DNP spot t e s t s  , I t  

was found th a t  th e  serum of a l l  mice th a t  were induced to  produce a n t i ­

bodies th a t  re a c te d  w ith  the c a l f  thymus DNP spots  a lso  con ta ined  a n t i ­

bodies th a t  r eac ted  w ith  the  ra b b i t  thymus DNF s p o t s , In c o n t r a s t ,  none 

of the  u n in jec te d  c o n t ro l  mice developed anti-DNP antibody. A. p o r t io n  

of th e  mice in  each group had anti-DNP a n tib o d ie s  in  t h e i r  s e ra  a f t e r  

1 immunization, w ith  the excep tion  of f.he females tha t were in je c te d  

w ith  c a l f  thymus DNA in  complets Freund 's  ad juvan t,  and both males and 

females th a t  were in je c te d  wi^h incomplete Freund s adjuvant.. s e ro ­

log ic  r e s u l 's  ob ta ined  w ith  se ra  co...,.£C’ ?d a f ' e r  the second in je c t  ion 

in d ic a te d  tha^ ■*.he number of p o s i t iv e  mice e i t h e r  remained the same or 

in c reased .  Ihe only e.xcep'ion to  t h i s  observa tion  was "he group of male 

mice tha t was in je c te d  wi^h denatured  c a l f  thymus DNA in  complete Freund s 

ad juvan t,  Four of 5 of these  mice produced an^i-DNP an t ibod ies  a f t e r  1 

in j e c t i o n  but only 3 of the  4 were p o s i t iv e  a f" e r  +he second in j e c t i o n ,

In only 1 group did a l l  the mice produce an+i-LNP an tibod ies  Ih is  was 

"he group composed of females th a t  were in je c te d  with c a l f  thymus DNP 

in  complete Freund s ad juvan t.  The groups of mice th a t  were given 2 

in j e c t i o n s  of incomplete Freund■s adjuvant d id  not become p o s i t i v e .  

Complete Freund Is ad juvan t,  however, e i t h e r  alone or in  combinations 

w ith  o the r  a n t ig e n s ,  appeared to  be as e f f e c t iv e  as any of the e th e r  

an t ig en s  in je c te d .  No sex d if f e re n c e s  could be d e te c te d .

In je c t io n  of 8-month-old Seronegative  DBA/11 
Mice w ith  Various Substances

Groups of 8-month-old r e t i r e d - b r e e d e r  DBA/ll mice were in je c te d
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w ith  th e  same an tig en  p re p a ra tio n s  used w ith  th e  a/ j  mice in  th e  p reced ­

ing experim ent. I t  had been shown p re v io u s ly  th a t  aging DBA/1J  d id  no t 

produce anti-DNP a n tib o d ie s  spontaneously  ( Table 1$ ) I t  can be con­

cluded from -the r e s u l t s  shown in  Table 25 th a t  vhese mice were no t i n ­

duced to  produce anti-DNP a n tib o d ie s  under th e  experim en ta l c o n d itio n s  

used. In ano ther experim ent, 6 male and 6 fem ale se ro n eg a tiv e  DBA/lJ 

mice th a t  were 20 months old were g iven 2 in je c t io n s  of c a l f  thymus 

DNP in  com plete F reu n d 's  ad juvan t 1 week a p a r t .  Sera were o b ta ined  1 

week a f t e r  each in je c t io n .  Each anim al was b led  b e fo re  i t  was g iven  

the  second in je c t io n .  None of th e se  se ra  co n ta in ed  d e te c ta b le  a n t i -  

DNP a n tib o d ie s . I t  can be concluded from th e  r e s u l t s  of th e se  e x p e r i­

ments th a t  DBA/lJ mice do no t produce anti-DNP a n tib o d ie s  spon taneously  

and they  cannot be induced to  produce them a f t e r  s p e c if ic  or non­

s p e c if ic  im m unizations.

C e ll T ran sfe r  S tud ies

T ran sfe r of Anti-DNP A ntibody P roduction  to  b-m onth-old 
a/ j  Mice w ith  Spleen C e lls  from Iso g en ic  Donors

In  a p re lim in a ry  experim ent, male and fem ale mice were in ­

je c te d  w ith  sp leen  c e l l s  d eriv ed  from p o s i t iv e  or n eg a tiv e  11-m onth-old 

donors. A ll r e c ip ie n ts  lacked  anti-DNP an tibody  a c t iv i t y  b e fo re  c e l l  

t r a n s f e r .  Each anim al was b le d  on a weekly schedule fo r  7 weeks a f t e r  

the  c e l l  t r a n s f e r .  The r e s u l t s  o b ta ined  w ith  fem ale r e c ip ie n ts  a re  

shown in  Table 26. Four of 6 fem ales in je c te d  w ith  v ia b le  c e l l s  from 

p o s itiv e  fem ales had anti-DNP an tibody  a c t iv i t y  in  th e i r  s e ra  1 week 

a f te r  c e l l  t r a n s f e r .  In  only  1 o f th e se  mice (number 5) d id  th e
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TABLE 25

SEROLOGIC RESULTS FOLLOWING IMMUNIZATION 
OF 8-MONT'H-OLE DBA/lJ MICE LACKING 

ANTI-DNP ANTIBODY ACTIVITY

Sera r e a c tiv e  w ith  c a l f  (CT) and 
r a b b i t  (RT) thymus DNP spo ts  a f t e r :

Antigen Sex 1 in je c t io n • 2 in je c t io n s

CT DNP RT DNP CT DNP RT DNP

CT DNP male 0/6^ 0 /6 0 /6 0 /6
CT DNP fem ale 0/6 0/6 0/6 0 /6
CT DNP in  complete

Freund'S  ad juvan t male 0/6 o/6 0/6 0 /6
CT DNP in  complete

F reund 's  ad juvan t 
CT DNA in  complete

fem ale 0 /6 0/6 0/6 0 /6

Freund ' s ad juvan t male 0 /6 6/6 0 /6 0 /6
CT DNA in  complete

F reund 's  ad juvant fe m a le ■ 0/6 0/6 0 /6 0 /6
D enatured CT DNA in  

com plete F reund 's
adjuvan t male 0/6 0/6 0 /6 0 /6

D enatured CT DNA in  
com plete F reund 's
ad juvan t fem ale 0/6 0/6 0 /6 0 /6

Complete F reund ' s
ad juvan t male 0/6 0/6 0 /6 0 /6

Complete F reund ' s
ad juvan t fem ale 0 /6 0 /6 0 /6 0 /6

Incom plete F reund 's
ad juvant male 0 /6 0 /6 0 /6 0 /6

Incom plete Fre'ond's
ad juvan t fem ale 0 /6 0 /6 0 /6 0 /6

BSA, 40 mg 
BSA, 2 mgb

female 0 /6 0 /6 0 /6 0 /6
fem ale 0 /6 0 /6 0 /6 .0 /6

BSA, 20 mcgt fem ale 0 /6 0 /6 0/6 0 /6
C o n tro l, no in je c t io n male 0 /l2 0/12 0 /l2 - 0 / l2
C o n tro l, no in je c t io n fem ale 0/12 0 /1 . 0 /12 0/12

Number of p o s i t iv e  m ic e /to ta l  number of mice immunized «

^Only 1 in je c t io n  o f BSA was g iven ; anim als were b le d  when 
tho se  in  a l l  o th e r groups were b le d .
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TABLE 26

AWIT-DNP ANTIBODY ACTIVITY' IN 4 -MONTH-OLD FEMALE A/J 
MICE AFTER INJECTION OF SPLEEN CELLS DERIVED 

FROM POSITIVE OR NEGATIVE 11-MONTH-OLD 
ISOGENIC DONORS

Anti-DNP an tibody  ac tiv ity ®  in  re c ip ie n ts

M ateria l
in je c te d

Number of 
re c ip ie n t

Before
t r a n s f e r

Weeks a f te r  t r a n s f e r

1 2 3 4 5 6 7

1 . . 4-
P o s itiv e - - - - - - - -
v ia b le 3 - i-- ++ f + -+ 4- — 4--l-
female L - +t 4- t f 4-4- 4-4-
c e 11s“ 5 - ++ + - - - - -

6 - 44- + + t 4-1 4-1-

Negative
7
8

“
++

”
4- + ■r '4-4- 4 t

v ia b le 9 - - - - - 4- 4-1-
female 10 - - - - + -+ 4-
cellsC 11 - - - - - - - -

Ic - +++ + + + +++ + + -!- 4-4-4- -4-4-4- 4-4--t-

13 - ++ - -• - - - -
Negative i h - +++ 4-4- 4-4- i- f 4- 4-4- 4-t'T 4--
lysed 15 - - - - - - - -
fem ale 16 +++ t f ->■++ 4-1-4- 4-4-4- 4-4-
c e l l s 17 - - - - - - -

18 - - - - • - - -

19
on

- - - - - - - -

Medium 21
199 22 - - - - - - — -

23 , - - - - - - - -
24

'

- -

-

- - - -

Determined with c a lf  thymus DNP spot t e s t ,

^6.6 X 10^ v iab le  mononuclear c e l l s .

'7 .0  X 10 v ia b le  mononuclear c e l l s .
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anti-DNP an tibody  le v e l  d ecrease  w ith  tim e . T ests  w ith  th e  serum of 

mouse number 1 in  t h i s  group were n eg a tiv e  fo r  3 weeks fo llow ing  th e  

sp leen  c e l l  in je c t io n ,  b u t a l l  s e ra  c o l le c te d  a f t e r  th e  th i r d  week were 

p o s i t iv e .  Mouse number 2 rem ained n eg a tiv e  du ring  the. e n t i r e  observa­

t io n  p e rio d . Two of th e  6 fem ale mice in je c te d  w ith  sp leen  c e l l s  from 

n eg a tiv e  anim als dem onstrated  anti-DNP a n tib o d ie s  in  t h e i r  s e ra  1 week 

l a t e r .  These anim als remained p o s i t iv e .  Two o th e r mice in  t h i s  group, 

numbers 9 and 10, became p o s i t iv e  a t  th e  f i f t h  and fo u r th  weeks re sp e c ­

t i v e ly .  Of th e  6 fem ales in je c te d  w ith  th e  ly s a te  of th e  n eg a tiv e  

sp leen  c e l l  suspension , 3 had anti-DNP an tibody  a c t iv i t y  in  t h e i r  s e ra  

1 week l a t e r .  Two of th e se  mice (number l4  and number l6 )  remained 

p o s i t iv e  w hile  number 13 re v e r te d  to  n e g a tiv e . None of th e  c o n tro l 

mice in je c te d  w ith  Medium 199 developed anti-DNP an tibody  a c t iv i t y  d u r­

ing th e  experim en tal p e rio d .

The se ro lo g ic  changes seen in  th e  s e ra  of male r e c ip ie n ts  a re  

shown in  Table 2 J .  I t  can be seen th a t  th e  r e s u l t s  pb ta ined  w ith  the 

anim als which were in je c te d  w ith  sp leen  c e l l s  ob ta ined  from p o s i t iv e  

males were s im ila r  to  those  seen w ith  fem ale r e c ip ie n ts  ( Table 26 ). 

Three o f th e  males had anti-DNP an tibody  in  th e i r  s e ra  1 week a f t e r  

c e l l  t r a n s f e r  and 2 o th e rs  became p o s i t iv e  by th e  second week. Three 

of th e se  5 mice (numbers 1, 2, and 6) rem ained p o s i t iv e .  Number 3 b e ­

came n eg a tiv e  a f t e r  th e  second week and f i n a l l y  became c o n s is te n t ly  

p o s i t iv e  a t  th e  f i f t h  week. Number 4 re v e r te d  to  n eg a tiv e  a t  th e  th i r d  

week. Number 5 was n eg a tiv e  th roughou t. None of th e  males in je c te d  

w ith  v ia b le  c e l l s  from n eg a tiv e  donors developed anti-DNP an tib o d ie s  

and only  one o f th e  group in je c te d  w ith  a ly s a te  of th e se  c e l l s  became
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TABLE 2J

MTI-DNP ANTIBODY ACTIVITY IN 4-MONTH-OLD MALE A/j  MICE
AFTER INJECTION OF SPLEEN CELLS DERIVED FROM POSITIVE

OR NEGATIVE 11-MONTH-OLD ISOGENIC DONORS

M ateria l
in je c te d

Number of 
r e c ip ie n t

Anti-DNP an tib o d y  a c tiv ity ®  in r e c ip ie n ts

Before
t r a n s f e r

Weeks a f t e r  t r a n s f e r

1 ? 3 4 5 6 7

1 . ++ +++ ++ + ++ +++ ++
P o s itiv e 2 - +++ ++ 4-4- +f+ ++ +++ +++
v ia b le 3 - - + - — + + +
male 4 - + -L - - - - -
c e l ls ^ 5 - - - - - - - -

6 - - +-f+ + + + + +

N egative
T
8 0 0 0 0 0 0

v ia b le 9 - - - - - - - -
male 10 - - - - - - - -
ce lls '^ 11 - - - - - 0 0 0

12 - - - - - - - -

13 - + + + + + + + + + + + ■ +

N egative 14 - - - - - - - -
lysed 15 - - - - - - - -

male 16 - - - - - - - -
c e l l s  • 17 - - - - - — - -

18 - - - - - - - -

19 - - - - - - - •w

2 0 - - - - - - -■

Medium 21 - - - - - •m -

199 22 - - - - - - - -

23 - - - - - w. - -
24 - - - - - - - -

Determined with c a lf  thymus DNP spot t e s t .

^T.8 X 10^ v ia b le  mononuclear c e l l s .

^J.2 X 10 v ia b le  mononuclear c e l l s .

0 = anim al d ie d .
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p o s i t iv e .  The c o n tro ls  th a t  were in je c te d  w ith  Medium 199 d id  no t p ro ­

duce anti-DNP a n tib o d ie s  du ring  th e  experim en ta l p e rio d .

I n 'f u r th e r  s tudy  of th e  a b i l i t y  to  t r a n s f e r  an tibody  produc­

t io n  to  DNP w ith  sp leen  c e l l s ,  groups of 4-m onth-old fem ale A/j  mice 

were in je c te d  w ith  a suspension  of v ia b le  sp leen  c e l l s  deriv ed  from 9- 

month-old p o s it iv e  or n eg a tiv e  fem ale donors, or a ly s a te  of 1 of th e se  

p re p a ra tio n s . The r e s u l t s  of t h i s  experim ent are  shown in  Table £8,

None of th e  r e c i p i e n t 's  s e ra ,  ob ta ined  the  day b efo re  in je c t io n ,  con­

ta in e d  anti-DNP a n tib o d ie s . The r e s u l t s  ob ta ined  w ith  mice in je c te d  

w ith  v ia b le  p o s i t iv e  c e l l s ,  v ia b le  n eg a tiv e  c e l l s ,  o r ly sed  n eg a tiv e  

c e l l s  appeared to  be s im ila r  to  tho se  seen in  e a r l i e r  experim ents 

(Table 22) w ith  11-m onth-old d onors. C e rta in  mice in  each group had 

a n t i-n u c le a r  an tibody  a c t iv i t y  in  t h e i r  s e ra  1 week a f t e r  t r a n s f e r ,  

some became p o s it iv e  in  subsequent weeks, and some remained n egative  

throughout th e  experim ent. Seven mice were in je c te d  w ith  Medium 199» 

None of th e se  mice had anti-DNP an tibody  a c t iv i t y  in  t h e i r  s e ra .

T ran sfe r of Anti-DNP Antibody P roduction  to  7-w eek-old 
a/ j  Mice w ith  Spleen C ells  from Isogen ic  Donors

Groups of 6 fem ale and 6 male mice (T veeks o ld ) were in je c te d  

w ith  a suspension  of v ia b le  or ly sed  sp leen  c e l l s  from p o s it iv e  or nega­

t iv e  11-m onth-old donors. As can be seen in  Table 29, DNP a n tib o d ie s  

could  not be d e te c te d  in  any of th e  r e c ip ie n t s .  I d e n t ic a l  r e s u l t s  were 

a lso  ob ta ined  w ith  th e  male r e c ip ie n t s .

In je c t io n  of S e ro p o s itiv e  9 -m onth-old A /J Mice w ith  Thymus 
C e lls  D erived from 4-w eek-old Isogen ic  Donors

Female and male r e t i r e d -b re e d e r  mice th a t  had developed anti-DNP
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TABLE 28

AM’I-DNP ANTIBODY ACTIVITY IN 4-MONTH-OLD FEMALB A/J MICE
AFTER INJECTION OF SPLEEN CELLS DERIVED FROM POSITIVE

OR NFGATIVE 9 -MONTH-OLD ISOGENIC FEMALE DONORS

M ateria l
in je c te d

Number of 
r e c ip ie n t

Ant'i-DNP antibody a c t iv i t y ^  in  r e c ip ie n t s

Before
t r a n s f e r

Weeks a f t e r  trane>fer

1 2 3. 4 5 6

1 _ 4- 44+ 4+4 444
5.4 X 10° 2 - ++ ++-f +++ + 4+ 444 444
v ia b le 3 - - - - ■* -
p o s i t iv e 4 - - +-f ++ 4 4 4
c e l l s 5 - -f + + 4

6 _ + - _ .

lysed 7 - - + 4 444 444 444
p o s i t iv e 8 - - - - - - -
c e l l s 9 - + 444 444 444

10 - - - - -

f 11 4 444 444 .44
6 .1  X 10 12 - - - - - - -

v ia b le 13 - + + 44 44 44 t4
negative l4 - - - - - -
c e l l s 15 - - - - - - -

16
lysed 17 - +++ 4-4-4- 44 44 44 44
negative 18 - - - - — '*■ —
c e l l s 19 - - “ - — —

20 - + 4* 4 4 4 4

21
22 - - - - -

23 - - - - - -

Medium 24 - - - - “ - -

199 25 - - - - - - -

26 - - - — - - -

27 - - -

Determined with c a lf  thymus DNP spot t e s t ,
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TABLE 29

ANT.I-DWP ANTIBODY ACTIVITY IN 7-WEEK-OLD PEMAIE A /j  MICE
AFTER INJECTION OF SPLEEN CELLS DERIVED. FROM POSITIVE

OR NEGATIVE 11-MONTH-OLD ISOGENIC DONORS

M a te r ia l  Number of 
in je c te d  r e c ip ie n t

1
P o s i t iv e 2
v ia b le 3
female 4
c e l l s ^ 5

6

7
Negative 8
v ia b le 9
female 10
cells '^ 11

12

13
Negative l4
lysed 15
female 16
c e l l s 17

18

. 19
20

Medium 21
199 22

23
24

Anti-DNP an tibody  a c t i v i t y  in  r e c ip ie n t s

Weeks a f t e r  t r a n s f e rBefore
t r a n s f e r

Determined with c a lf  thymus DNP spot te s te

^7»0 X 10^ v ia b le  mononuclear c e l l s .

^7»1 X 10^ v ia b le  mononuclear c e l l s .
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a n tib o d ie s  spon taneously  were in je c te d  w ith  a suspension  of v ia b le  f e ­

male or male thymus c e l l s . A ll  of th e  r e c ip ie n t s  had +f+ le v e ls  of 

anti-DNP an tibody  a c t i v i t y  i n i t i a l l y .  Ihie s e ra  used to  make th i s  d e te r ­

m ination  were ob ta ined  from th e  mice th e  day b e fo re  th ey  were to  be in ­

je c te d .  P o s t- in je c t io n  b le ed in g s  were made a t  1 and 2 weeks. I t  w i l l  

be seen (T able 30) th a t  a s ig n i f i c a n t  d ecrease  in  the  serum anti-DNP 

an tibody  a c t iv i t y  occurred  d u ring  th e  t e s t  p e rio d  (compared w ith  con­

t r o l s )  in  fem ale mice numbers 6 , i d ,  32 , and 35 and in  male mice numbers 

10, 13, and lA . In  g e n e ra l,  th e  anti-DNP an tibody  le v e l  decreased  in  

73^ of th e  r e c ip ie n t s .  Nine fem ale and 11 male s e ro p o s itiv e  c o n tro ls  

(u n in je c te d )  showed no s ig n i f i c a n t  a l t e r a t io n  in  serum an tibody  le v e l  

over a 4-week o b se rv a tio n  p e rio d  (Table 3 l)°

In je c t io n  of S e ro p o s itiv e  9-m onth-old A/j  Female.
Mice w ith  Thymus C e lls  D erived from 

7-w eek-old Isogen ic  Donors

Another experim ent was perform ed in  which 9-m onth-old se ro p o s i­

t iv e  (-!••++) r e t i r e d -b re e d e r  mice were in je c te d  w ith  thymus c e l l s  d e riv ed  

from young m ice. The donors o f th e  thymuses were 7 weeks o ld  in s te a d  

of 4 weeks o ld  as in  th e  p rev ious  experim ent. The r e s u l t s  a re  shown in  

Table 32. Three r e c ip ie n t  m ice, number 29, 36 , and 46, were observed 

to  have a decrease  in  anti-DNP an tibody  a c t i v i t y  du ring  th e  o b se rv a tio n  

p e r io d . In  c o n t r a s t ,  mice numbers 28 and 38 showed no s ig n if ic a n t  con­

s i s t e n t  change in  th e  le v e l  of th e i r  anti-DNP an tibody  a c t iv i t y .

In je c t io n  of S e ro p o s itiv e  l8 -m onth-o ld  A /J Mice w ith  
Thymus C e lls  D erived from 4-w eek-old 

Iso g en ic  Donors

I t  seemed of i n t e r e s t  to  determ ine i f  anti-DNP an tibody  a c t iv i t y
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TABLE 30

ANTI-DNP ANTIBODY ACTIVITY IN SEROPOSITIVE 9 -MONTH-;LD 
a/ j  MICE INJECTED WITH ISOGENIC TH'Mj S CEILS 

DERIVED FROM 4-WEEK-OLD DONORS

Anti-DNP a c tiv ity ®  in  r e c ip ie n ts

klouse
lumber

Sex Before
t r a n s f e r

Weeks a f te r t r a n s f e r

1 Ô

3
, b 

fem ale +++ + 4'+ 4 4 f

6 female ■f++ -

18 female ■ff+ -

30 fem ale ++f 4-4- 44

34 fem ale +++ 4 4-

.35 female 4 ■4

3 male® •f-r-f' 4 44

9 male 4 44-

10 male +-!■■+ - -

13 male +++ 4 4

l4 male 4 .. 4

^Determined w ith  c a l f  thymus DNP' spo t t e s t . •

^ A ll fem ales in je c te d  w ith  4 .7  x 10^ c e l l s  from fem ale donors.

'A l l  males in je c te d  w ith  4 .4  x 10 c e l l s  from male donors.
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TABLE 31

CONSISTENCY OF ANTT-DNP ANTIBODY ACTIVITY IN SE?.A 
OF SEROPOSITIVE 9 -MONTH-OLD A/: MICE®

Mouse
Weeks on which se ra  were c o l le c te d

Sex
number

1 3

4 female ■ -4 4 - 4

L.r, ■f++ 4-4-4 4- f* -̂■4 - 4

"5 +*+ 4-i.i -r-tf 4 4 -

29 4++ 4-4-4- L 4 4 4 -

31 +++ -i--4 4 - 4 4

36 +■+“)• -44-4 4 : 1

38 -f+4" 4 44 •f-f 4 4 4

49 '+4'+ 4 4 4

6 i ++4 ■M-4 4 -4 - 4 4 4 4

8 male +4-4 4-r4 - ^ 4 4

14 +4-+ 444 +4 4 4 4

20 444 •t-'-f-

31 4-4-4 444 444 4 -4 -4 -
66 4-4-L 4-44 444 ■t -t-4
68 1 -f+'-t 4-r4 444 444

73 ++-f 444 444- 4-4-4

83 ++-I 4 4 4 ■*-T -4-44-
92 +++ 444 444 44-

93 ++■+ 444 444 44-4
107 •t++ 44 4 444 44-4

Determined w ith  c a l f  thymus DNP spo t t e s t .
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TABLE 32

ANTI-DNP ANTIBODY ACTIVITY IN SEROPOSITIVE 9 -MYVT:-. 
a/ j  female MICE INJECTED' WITH 6 .8  X 10^ THiMiS 

CELLS DEF.IVED FP.OM T-WEEK-Cir 
ISOGENIC-FEMATE DONORS

ArJ■i-DNP a c t iv i t y ^ in  rec ip ien t 's

Mouse
number

Bef-ore
t r a n s f e r

Weeks a f t e r  T .ransfer

1 3 4 5 6

28 ++-t ++ •f-f j—f4

29 + _ _ -

36 + - - - . - -

38 t++ -ft 44 + *+ + t ■*■ + +4 4

46 +++ - - - - -

^Determined with c a l f  thymus DNP spot. t e s t .
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in  o ld e r  A /j  mice ( r e t i r e d  b re e d e rs )  would decrease  a f t e r  th e  in je c t io n  

of thymus c e l l s  from young mice» The r e s u l t s  of th i s  experim ent a re  

p resen ted  in  Table 3 3 “ Of th e  12 fem ale r e c ip ie n ts  used , 8 of them 

(numbers J ,  9 , 11, I t ,  17, 19 , 35, and 37) appeared to  have decreased  

an tibody  a c t iv i t y  by 1 to  3 weeks a f te r  tra n s fe r»  Two of th e se  anim als 

d ied  b efo re  th e  end of th e  experiment» The rem aining £ anim als a l l  

e v e n tu a lly  became n eg a tiv e  fo r  an ti-L JF  antibody» In  c o n t r a s t ,  i t  can 

be seen th a t  A of th e  mice (numbers 7, 21, 30 , and 38 ) were no t p e r ­

m anently e f fe c te d  by th e  in je c t io n  of th^mius c e lls»

In je c t io n -o f  S eronegative  9-nionth-old A/J Mice w ith  
Iso g en ic  Thymus or Spleen C e lls  and 

Imm unization w ith  C alf Thymus DNP

Since i t  was observed th a t  th e  in je c t io n  of thymus c e l l s  in to  

s e ro p o s it iv e  mice a p p a re n tly  in te r f e r e s  w ith  th e  con tinued  p roduction  

of anti-DNP a n t ib o d ie s ,  i t  seemed im portan t to  determ ine i f  the  in j e c ­

t io n  of thymus c e l l s  in to  se ro n eg a tiv e  mice could p rev en t them from 

being  induced to  produce anti-DNP an tibody  fo llow ing  s p e c if ic  immuni­

zation» The r e s u l t s  of th i s  s tu d y  a re  shown in  Table 3^> Groups of 

fem ale and male r e t i r e d -b re e d e r  A /j mice were in je c te d  w ith  v ia b le  

suspensions of thymus or sp leen  c e l l s ,  or Medium 199' Two and 3 weeks 

l a t e r  a l l  mice were b le d  and th e i r  s e ra  were examined fo r  th e  presence 

of anti-DNP an tib o d y  a c t iv i t y  w ith  th e  c a l f  thymus DNP spo t t e s t .  

Im m ediately a f t e r  a l l  of th e  mice were b le d  on th e  th i r d  week th ey  were 

g iven  an in je c t io n  of c a l f  thymus DNP in  com plete F reu n d 's  adjuvant»

One week l a t e r  th e y  were b le d  and reimmunized. One week l a t e r  th e y  were 

b le d  ag a in . None o f th e  se ra  ob ta ined  on th e  second or th i r d  week a f t e r  

th e  c e l l  suspensions were in je c te d  con tained  anti-DNP a n t ib o d ie s . None
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TAB5R 33

MTI-DNP ANTIBODY ACTIVITY IN SEROPOSITIVE 18-MONTR- 
FEMALE A/T MICE INJECTED WITH T-0 X 10° ISOGENIC 

THYMCB CELLS DERIVE: FROM 4-WEEK-OLD 
FEMAI.E DONORS

Mouse
number

Anti-DNP activ ity® ' in  r e c ip ie n ts

Before
t r a n s f e r

Weeks a f te r  t r a n s f e r

1 2 3 4 c 6

2 + + 4 4 ■* -

7 4 4 4 44 -4 4 4 0

9 •f-r-f 4
*

- - - -

11 4 - f 4 - 0 0 0

IT 1-4 4 44 - - - “■

IT 444 "4. 0 0

1 9 4 “ - - - -

21 4-1-4 44 4 t-f-i T tT -f+t

30 444 “f r 4 4 .4 .4 4 X. -,

35 444 ■- - -

37 44-!- - -

38 444 4-4 -1- 44 f 't 't +4 +

Determined w ith  c a l f  thymus DNP spot t e s t .  

0 = anim al d ie d .
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TABLE 34

ANTI-r;NP ANTIBODY ACTIVITY IN 9-MONTH-OLD A/ t MICE 
INJECTED WITH ISOGENIC THYMUS OR SPLEEN CELLS 

AND IMMUNIZED WITH CALF THYMUS DNP 
IN COMPLETE FREUND'S ATuJVANT

lyfeterial
In je c te d

Number of 
. r e c ip ie n t

Sex

Anti-DNP a c t i v i t y ” in  r e c ip ie n ts

Before
t r a n s f e r

Weeks a f te r  
c e l l  

t r a n s f e r

Weeks a f te r  
• ■ DNP 

immunizations

1 2

4 .7  X 10^ 9 female
female 10 female * - - -

thymus 20 fem ale - -
c e l ls . 24 fem ale - - “

7 .4  X 10^ 2 fem ale
female 3 fem ale - - - -

sp leen 24 fem ale - - - - -

c e l l s 27 fem ale - — - -

29 fem ale “ - •* -

4 .2  X 10^ 8 ■ male
male 11 male - - - -

thymus 15 male - - - -

c e l ls 16 male - - - -

5.3  X 10^ 26 male - -

male 27 male - - - - ■—

sp leen 28 male - - - , - *

c e l l s 30 male - - - - -

31 male - - -

d e te rm in e d  w ith  c a l f  thymus DNP spo t t e s t ,

^Two in je c t io n s  g iven ; th e  f i r s t ,  3 weeks a f te r  c e l l  t r a n s f e r ,  
the  second, 1 week l a t e r .  , -
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TABLE 3 ^ --Continued

M ater ia l
in je c te d

Anti-DNP a c t i v i ty^ in  r e c ip ie n t s

Number of 
r e c ip ie n t

Sex Before
t r a n s f e r

Weeks a f^ e r  
c ■; 1 

t r a n s f e r

Weeks a f t e r  
TNP

immunizations

3 1 r:

Medium 37 female ■t"f -f -t'-f
199 38 female - - - T 7 T

c o n t ro l 41 female - - - *
43 female - - - •f

Medium 38 male f* t
199 42 male - - - - -

c o n t ro l 43 male - - - f t
44 ■male -

- - - —
. t ■f

Determined w ith  c a l f  thymus DNP spot t e s t .

Two in je c t io n s  g iven ; th e  f i r s t ,  3 weeks a f t e r  c e l l  t r a n s f e r ,  
the  second, 1 week l a t e r .
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of th e  mice th a t  rece iv ed  an in je c t io n  of v ia b le  thymus or sp leen  c e l l s  

was induced to  produce anti-DNP a n tib o d ie s  fo llow ing  im munization w ith  

DNP. However, th e  c o n tro l m ice, in je c te d  only w ith  Medium 199, were i n ­

duced to  produce anti-DNP a n tib o d ie s . Six o th e r c o n tro ls  were no t in ­

je c te d .  None of th e se  mice became p o s it iv e  spontaneously
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.ihe o ï ig in a i  in te n t of th e se  s tu d ie s  was *o find  a s t r a i n  of 

iso g en ic  mice tha*' produce a n t i-n u c le a r  an tibody sp o n tan eo u sly . .Five 

poo ls of serum from each of I 7 s t r a in s  of re tire d -b re e d e r  mice were 

examined w ith  th e  in d ir e c t  im munofluorescerr techn ique fo r gsunma-globu- 

l i n  r e a c t iv e  wi^h ca^.f -hymus IMP sp o ts  and The n u c le i of human p e r i ­

p h e ra l blood leak o cy 'e s  ., the ... N.E spot s wtre no- s" ana.a:; dlzea fo r s e ro ­

lo g ic  ’e s ’.s wi'.'h mouse se.rojn. ..hey were prepared  from a. so lu tio n  "con­

ta in in g  l u .5  mg/ml of c a l f  Thymus lo'P, In is  co n ce n tra tio n  had been 

p rev io u s ly  determ ined to  be optim al fo r  The d e te c tio n  of anti-I.TJP a n t i ­

bodies In  human SI-E s e ra  ( F rioa , 196!.;. P o s itiv e  s e ro lo g ic  t e s t s  w ith  

DNP and leukocyte n u c le i were produced only by serum pools from A /i 

mice ( lab ié  l ) .  Four of th e  5 pools of k / j  mouse serum were p o s it iv e  

in  each t e s t .  'Ihe. r e s u l t s  obta ined  w ith each pool of serum were 

approxim ately  th e  same (Table I t  would appear th a t  the serum of

a t l e a s t  1 donor mouse in  each of the. p o s itiv e  pools contained  gamma­

g lo b u lin  r e a c tiv e  w ith  n uclear m a te r ia l .  Although th e  serum pools from 

o ther s t r a in s  d id  no t co n ta in  a n ti-n u c le a r  f a c to r  d e te c ta b le  w ith  th ese  

t e s t s ,  th e  p o s s ib i l i ty  e x i s t s  th a t  i t  could have been p re se n t in  one or 

more d o n o r 's  s e ra  used to  make th e  p o o ls . However, through d i lu t io n  

w ith  neg a tiv e  s e ra ,  i t  would have been undetec ted  w ith  th e se  se ro lo g ic

105



106

te s"  5 ( r 'riou and league, 1964), A il  c e l l  n u c ie i  showing immunofluores­

cence a f t e r  t rea tm en t w ltn  serum con ta in ing  a n t i - n u c le a r  f a c  or were 

homogeneous in  appearance, .ihls type of p a t t e r n  has keen suggested to  

ce ‘ he most predominant 'one produced by human Sl'F. s e ra

Aathough i"' was demonstrated th a t  some pools of serum from A/j 

mice c on~ ai ne d . an"-i-nuclear fa c to r  a c t i v i t y  de" rc" able  by th e  e x p e r i ­

mental me* hods used, i* was necessary  o ds* ‘"tmin‘- rh« op: Imimi amounts

of IfJP and, f lu o r e s c e r t  anti-mouse gamma-g^Jbulin conjugate  to  be used 

in  s e ro lo g ic  *?s*s ihe standardization procedure.developed fo r  use 

with human 51E set*a was followed F ri"u ,  196. i and serum samples from 

in d iv id u a l  mic*- w-re used. Human serum was a lso  used s ince  i t  had been 

used in  * he o r ig i n a l  lAi? spo t t e s t  s ta n d a rd iz a t io n -  I t  was found th a t  

c a l f  thymus INt spo ts  prepared from a so lu t io n  con ta in ing  1 ,5 mg/mi 

of ll 'r  gave the  d e s ire d  r e s u l t s  {-'.able 3 ) . Ih ls  co n ce n tra t io n  was the

lowest, in  which \ 1 ) normal human and mouse s e ra  were n e g a t iv e ,  i, .,) a

high t i t e r  was obtained with a p o s i t iv e  h'uman serum, and ( 3 i  p o s i t iv e  

mouse s,= r a  gave ‘h<=- g r e a t e s t  i n t e n s i ty  of f lu o re sc e n c e ,  r e s u l t s  of 

rabbit, thymus LNF s ta n d a rd iz a t io n  in d ic a te d  t h a t  a 1 15 mg/ml s o lu t io n

should be u t i l i z e d  to  prepare  a l l  INF spo ts  ..-atle k ) .

Experiments concerned w ith  s ta n d a rd iz a t io n  o f  l o t  1 ar.l l o t  £ 

f lu o re sce n t  conjugates  in d ica te d  tha* a l l  experiments w ith  both  'DNP 

spots  v iab le  3)  and leukocytes shou'Id be made u,= ing a 1:>, d i l u t i o n  of

Lot 1 conjugate and a 1:4 d i l u t i o n  of l o t  c o n ju g a te .

N on-specif ic  f lu o re s c e n t  s ta in in g  can be a c r i t i c a l  f a c t o r  in  

the  ev a lu a tio n  of r e s u l t s  of immunofluorescent experim ents. Absorption 

of each f lu o re s c e n t  conjugate  w ith  A/ J  mouse serum removed a l l  s ta in in g
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a c t iv i t y  of th e  con jugates fo r  c a l f  t'hyirius IMP and DNA sp o ts  and th e  

n u c le i of human p e r ip h e ra l  b lood le u k o c y te s . These d a ta  suggest th a t  

flu o resce n ce  of serum- and c o n ju g a te - tre a te d  sp o ts  or leukocy te  n u c le i 

'i s  the r e s u l t  of th e  in te r a c t io n  of mouse a n t i-n u c le a r  f a c to r  and a n t i ­

gen and f lu o re sc e n t r a b b i t  anti-m ouse g.anma-globulirn Imm-moelectro- 

p h o resis  experim ents w ith  mouse s e ra  and Lot 1 and Lot 2 con jugates 

suggest th a t  bo th  con jugates con ta ined  an tibody  th a t  p r e c ip i ta te d  onlv 

w ith  mouse gam m a-globulin..

S ero log ic  t e s t s  w ith  s ta rc h  b lock  e lu a te s  a f t e r  e le c tro p h o re s is  

of p o s it iv e  and n eg a tiv e  serum pools rev ea led  th a t  the  A /j mouse a n t i  - 

nuc lear f a c to r  m igrated  only w ith  g ••utima-globulin f r a c t io n  of mouse 

serum ( Table 6 ) . These r e s u l t s ,  and th e  dem onstra tion  th a t  th e  c o n ju ­

g a tes  re a c te d  only w ith  mouse gamma-globulin In  im m 'anoelsctropboresls, 

suggested  th a t  a n t i-n u c le a r  f a c to r  i r  A/J mice i s  s p e c if ic  a n tib o d y . 

A d d itio n a l experim ents were riot p e r f ormed to  determ ine in  which c la s s  

or c la s s e s  of th e  immunoglobulins a n t i-n u c le a r  a n tib o d ie s  e x i s t . Ex­

perim ents w ith  human SLE s e ra  have rev ea led  th a t  human an ti-n u c l.e a r  

an tibody  m igrates w ith  gamma-globulin in  s ta rc h  b lo ck  e le c tro p h o re s is  

(Holman and Kunkel, 1957) and r e a c ts  w ith  s p e c if ic  r a b b i t  anti-hum an 

gamma-globulin an tibody  (F r io u , 1958, 196.2). More re f in e d  experim ents 

have shown th a t  a n t i-n u c le a r  an tib o d ie s  may be found in  a l l  of th e  hu ­

man immunoglobulins ( B arn e tt s t  a l . ,  1964).

Since most human SLE s e ra  co n ta in  anti-DNP an tibody  and some 

a lso  have anti-DNA an tibody  a c t iv i t y ,  i t  was o f i n t e r e s t  to  determ ine 

i f  a s im ila r  s i tu a t io n  p re v a ile d  w ith  .A/j m ice. In d iv id u a l 8 -m onth-old 

fem ales were s e le c te d  on th e  b a s is  of having a p o s i t iv e  or n eg a tiv e
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r e s u l t  In  th e  c a l f  thymus DNP spo t t e s t  ( la b le  T)o Although t h i s  was 

a p re lim in a ry  experim ent, i t  was found th a t  none o f th e  s e ra  con ta ined  

a n tib o d ie s  re a c t iv e  w ith  DNA. Some, bu t no t a l l  mice th a t  were found 

to  have anti-DNP an tibody , were p o s i t iv e  in  th e  LE c e l l  t e s t .  S im ila r 

o b se rv a tio n s  have been made in  s tu d ie s  w ith  th e  b lood of humans w ith  

SLE. A h ig h e r p ercen tage  of SLE p a t ie n ts  a re  p o s i t iv e  in  th e  sp o t t e s t  

th an  in  th e  LE c e l l  t e s t  (F r io u , 1958.; C asais ^  1964). I t  has

been suggested  th a t  n eg a tiv e  LE c e l l  t e s t s  in  SLE p a t ie n ts  r e s u l t ,  in  

some in s ta n c e s ,  from th e  presence of an in h ib i to r  o f LE c e l l  fo rm ation  

in  th e  serum of th e se  p a t ie n ts  (F rio u  e t  a l . ,  1958). 'ihe le v e l  of a n t i-  

DNP an tibody  could a lso  be an im portan t f a c to r  in  LE c e l l  fo rm ation  by 

a/ j  m ice. A p o s it iv e  LE c e l l  t e s t  was ob ta ined  w ith  a l l  mice th a t  were 

+++ in  th e  DNP sp o t t e s t .  None of th e  mice which were + o r - in  th e  

spo t t e s t  were p o s i t iv e  in  th e  LE c e l l  t e s t .  'Ihe mice were v a r ia b le  

in  th e  LE c e l l  t e s t .  S ince i t  could be considered  th a t  im munofluores- 

cen t t e s t s  a re  g e n e ra lly  more s e n s i t iv e  than  phagocy tic  t e s t s ,  i t  i s  

p o s s ib le  th a t  mice which had low le v e ls  of DNP an tibody  d id  no t have . 

enough an tibody  to  e f f e c t  the  p roduction  of d e te c ta b le  LE c e l l s .

Although the  ro le  of complement in  LE c e l l  fo rm ation  by human SLE s e ra  

i s  c o n tro v e rs ia l ,  inadequate  le v e ls  of complement could p o s s ib ly  p re ­

v en t d e te c ta b le  LE c e l l  fo rm atio n . However, s in c e  a l l  mice w ith  high 

le v e ls  o f anti-DNP an tibody  were p o s i t iv e  in  th e  LE c e l l  t e s t ,  t h i s  

p o s s i b i l i ty  seems to  be rem ote.

Ihe LE c e l l s  appeared to  be m orpho log ica lly  s im ila r  to  human ■ 

LE c e l l s  s ta in e d  w ith  W rig h t's  s t a in .  As shown in  P ig . 3, th e  nucleus 

of th e  polym orphonuclear leukocy te appears to  be d isp la c e d  to  a
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p e r ip h e ra l lo c a tio n  in  th e  c e l l  and ap p aren tly  surrounds a la rg e , i n ­

g es ted  in c lu s io n , probably of nuclear o r ig in .  A ll ty p ic a l  in c lu s io n s  

appearei to  be homogeneous and v ere  s ta ln c i  dark  /.ink to  l i g h t  p u rp le . 

G ranular in c lu s io n s  were non. sr:,n . Ncn pnagocyoized, e x t r a c e l lu la r ,  

homogeneous m a te r ia l  was observed ro u tin e ly  Ir. p o s it iv e  IE c e i l  p re- 

■•parafions, but not in  neg a tiv e  p re p a ra tio n s , nos et*.es were observed 

o c c a s io n a lly , they were composed of • o . o r  mor -̂ polymorphonuclear 

leukocy tes which surrounded a homogeneous.body. In a d i i t io n  to  th e  

re a c tio n  w ith  autologous nuclear m a te r ia l ,  almost a l l  se ra  con ta in ing  

anti-DNr antibody produced a fiomogerif. ous immunofluorcscenea w ith the  

• n u c le i of mouse, r a b b i t ,  and human p - r ip h e r^ l blood le u k o cy tes , ih e  

lack  of sp ec ies  s p e c i f i c i ty  of th i s  f a c to r  i s  s im ila r  to  th e  h e te ro -  

r e a c t iv i ty  of human anti-D.NP antibody ! f r io u  e t  19)8; Mi es cher

e t  aA ., 1961 ).

Ihe spontaneous .appearance of c e r ta in  a n ti-n u c le a r  an tib o d ies  

th a t  r e a c t  w ith both  hetero logous and autologous an tig en s does not 

appear to  be unique to  a / j  m ice, b im lla r se ro lo g ic  re a c tio n s  have 

been rep o rte d  to  occur in  NZE/B1 (b le ischovsky  £ t  a l . ,  1959); PI 

hybrid  progeny of hZ3/EL and c e r ta in  o th e r s t r a in s  of mice ( HeIyer 

and Howie, I 96I ,  1963a , 1963c ) ,  C)'TEl/6j ( f r io u  and le ag u e , I 96I  ), 

C57BI- and C3H (N orrins and Holmes, 1964), and cfTBR mice (Holboraw 

e t  ^ 0, 1965). A n ti-n u c lea r .antibody has a lso  been re p o rte d  to  occur 

in  an outbred s t r a i n  of mice (N orrins and Holmes, 1964) and in  dogs 

(Lewis £ t  1965).

In  th e  i n i t i a l  s tu d ie s  t o  determ ine the inc idence of anti-DNP 

antibody a c t i v i t y  in  r e t i r e d - b r e e d e r  A/j  mice, i t  was found th a t  a t  8
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months of age, 3^^ of 50 fem ales (Table 8) and l8 ^  o f 50 m ales ( Table 9) 

were p o s itiv e »  The inc idence  d id  no t in c re a se  rem arkably  during  th e  

next 4 weeks. In sp ec tio n  of th e se  d a ta  a lso  in d ic a te s  t h a t ,  w ith  one 

ex ce p tio n , a l l  anim als remained p o s i t iv e  once th ey  had begun producing 

anti-DNP an tibody . In  g e n e ra l,  th e  only  change in  th e  e s tim a te  o f a n t i -  

DNP an tibody  a c t iv i t y  (exp ressed  by +++, ++, +, or - )  was th a t  o f an 

in c re a s e . These d a ta  suggest th a t  between 8 and 9 months of age th e  

in c idence  of anti-DNP an tibody  a c t iv i t y  i s  g r e a te r  in  fem ales. Data 

p resen ted  in  Table 9 confirm  th i s  o b se rv a tio n . Accumulated se ro lo g ic  

d a ta  f o r  a l l  u n tre a te d  9-m onth-old mice te s te d  showed th e  in c id en ce  to  

be 35=8$ in  fem ales and P3»7$ In  m ales. The d if fe re n c e  in  th e  inc idence  

in  fem ales and males i s  s ig n if ic a n t  a t  th e  0 .01  confidence le v e l  

( t  = 3»05 )» Although th e  inc idence of anti-DNP an tibody  d id  no t in ­

crease  between 8 and 9 months of age, experim ents w ith  o th e r groups 

of a / j  mice in d ic a te d  th a t  th e re  i s  a g e n e ra l tendency  fo r  n eg a tiv e  

r e t i r e d -b re e d e r  A /j mice to  develop anti-DNP an tibody  w ith  in c re a s in g  

age. The inc idence  of anti-DNP an tibody  in  one group of fem ales in ­

creased  from 34%'a t  8 months o f age to  63$ by 13 l / 2  months of age.

A s im ila r  tre n d  was observed in  a group of males ( Table ID.). I t  appears 

th a t  th e  r a te  of spontaneous conversion  i s  g re a te r  in  aging males a f t e r  

8 months of age, s in ce  by 13 l/ '2  months of age th e  in c id en ce  i s  app ro x i­

m ately  th e  same in  bo th  s e x e s . Only 1 fem ale and 2 m ales re v e r te d  to  

neg a tiv e  during  th i s  p e r io d . T here fo re , i t  i s  assumed th a t  th e se  d a ta  

r e f l e c t  a tendency of A /j mice to  acq u ire  th e  a b i l i t y  to  produce a n t i -  

DNP an tibody  in  th e  absence o f experim en tal im m unization. A d d itio n a l 

experim ents w ith  o th e r groups of fem ale A /J mice b le d  a t  v a rio u s  ages



I l l

showed th e  inc id en ce  in c re a se s  from 8.t 8 months o f âge to  $0^ a t  

20 months o f age. This change i s  h ig h ly  s ig n i f i c a n t  (p  = O.OOl). Ex­

perim ents w ith  groups o f.m ales h ied  a t  d i f f e r e n t  ages re v e a le d  th e  same 

s t a t i s t i c a l l y  s ig n i f i c a n t  t r e n d .

V irg in  fem ale and male A /J mice were b led  a t  in te r v a ls  and th e i r  

s e ra  were te s te d  fo r  anti-DNP an tibody  a c t iv i t y .  None of th e  fem ales 

(Table 15) or m ales were p o s it iv e  between 1 and 5 l / 2 months o f age.

At 8 l / k  months o f age, 3 of 48 fem ales {G.y/o)  were p o s i t iv e .  Py 19 3/4 

months of age, 73/» of th e  fem ales were p o s i t iv e .  S t a t i s t i c a l  a n a ly s is  

o f s e ro lo g ic  d a ta  d e riv ed  from o th e r groups of v irg in  fem ales (Table l6 ) 

and males (T able 17) rev ea led  th a t  th e  in c re a se  in  inc id en ce  in  each 

sex i s  s ig n i f i c a n t .  S ince th e  p ercen tage  o f p o s i t iv e  8-m onth-old v irg in s  

(male and fem ale) i s  lower than  th e  p ercen tag e  of p o s i t iv e  r e t i r e d -b re e d e r  

u anim als o f th e  same approxim ate age, i t  appears th a t  th e  even ts  which 

allow  a / j  mice to  produce anti-DNP an tibody  develop a t  a slow er r a te  in  

v irg in  m ice. This d if fe re n c e  could be due to .v a r ia b le s  th a t  a re  in lie ren t 

in  th e  p h y s io lo g ic  an d /o r env ironm ental co n d itio n s  of b reed e r and v irg in  

co lo n ies  of m ice.

P re lim in a ry  s tu d ie s  w ith  th e  s e ra  of 8-m onth-old a/ J  r e t i r e d  

b reed e r mice in d ic a te d  th a t  anti-DNA an tibody  was no t p re se n t in  th e se  

s e ra .  A d d itio n â l experim ents w ith  th e  s e ra  of in d iv id u a l A./j r e t i r e d  

b reed e rs  (fem ale) ob ta ined  from b le ed in g s  a t  v a rio u s  in te rv a ls  during  

aging in d ic a te d  th a t  some of th e se  mice e v e n tu a lly  gained th e  cap a c ity  

to  produce anti-DNA an tibody  ( Table l 8 ) .  None of th e se  anim als produced 

anti-DNA an tibody  b e fo re  12 months of age, b u t by th e  tim e th e y  were 23 

months o ld , 31*6^ of th e  mice were p o s i t iv e  in  th e  DNA sp o t t e s t .  The
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percen tage  o f th e se  fem ales th a t  had serum anti-DNF antibody a t  each age 

te s te d  was very  s im ila r  to  th e  percen tages  determ ined fo r  v a rio u s  age 

groups o f o th e r fem ale A /j mice (Table 13)» I t  would th u s  appear th a t  

some a / j  mice develop anti-DMA an tibody  spontaneously  in  th e  absence of 

experim en ta l immunizationso The r a te  of spontaneous conversion  i s  appar- 

, e n t ly  delayed in  comparison w ith  th e  r a t e  of conversion  to  anti-I'lVF' a n t i ­

body production  0

S ero log ic  s tu d ie s  w ith  th e  serum of in d iv id u a l r e t i r e d -b re e d e r  

DBA/IT mice were a lso  made. Anti-DNP an tibody  was not produced by th e se  

mice up to  l8  months of age. Members of th i s  s t r a i n  were th e re fo re  s e ­

le c te d  fo r  th e  p roduction  of f l  h y b rid s  w i t h  a / j  fem ales, and fo r  con­

t r o l s  in  immunization experim ents.

AJDFl hyb rid s  (v irg in s )  d id  no t have a n ti-n u c le a r  an tibody  in  

th e i r  s e ra  a t  8 and l6  months of age. S tud ies  w ith  o lde r hyb rid s were 

not perform ed, th e re fo re ,  com plete a n a ly s is  of th e se  d a ta  connot be made. 

However, i f  i t  i s  assumed th a t  a n t i -n u c le a r  an tibody  never appeared in  

th e  s e ra  of th e se  hybrids during th e  rem ainder of th e i r  n a tu ra l  l i f e  

span, th e  d a ta  could then  be in te rp r e te d  to  mean th a t  th e  c a p a c ity  fo r  

anti-DNP an tibody  p roduction  i s  t ra n s m itte d  by g en e tic  f a c to r s ,  p o ss ib ly  

as a re c e s s iv e  c h a ra c te r .

In  c o n t r a s t ,  some ANZBFl hyb rid s (v irg in s )  were found to  be 

p o s it iv e  in  t e s t s  fo r  a n t i-n u c le a r  an tibody . These anim als were th e  

progeny o f A /J fem ales and NZB/BL m ales. The inc id en ce  of .anti-DNP 

an tibody was found to  be a t  3 l / i  months of age. ‘This f ig u re  i s  

very  c lo se  to  th e  inc idence  re p o rte d  to  be s tan d ard  f o r  a d u l t  .

NZB/bIj mice (N orrins and Ho.lmes, 1964). S ince A/.J mice (v irg in s )  d id
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no t show p o s it iv e  t e s t s  u n t i l  a f t e r  5 l / i .  months o f age, and th e  i n c i ­

dence i s  not as h igh  in  8-m onth-old A/J r e t i r e d  b reed ers  as in  th e se  

h y b r id s , i t  appears th a t  th e  hybrid  could be a v a lu ab le  s t r a in

fo r  study ing  v a r ia b le s  of a n t i-n u c le a r  an tibody p roduction  and p a th o ­

lo g ic  co n d itio n s  th a t  could be a s so c ia te d  w ith  th e  autoimraurie s t a t e ,  

A ltnough only  sm all numbers of males and fem ales were te s te d  when th e  

anim als were 5 l / l  months o ld , a l l  fem ales (9 of 9 j and most males (8  

o f 9 ) had antibody re a c t iv e  w ith  lA'F, and most a lso  had a n t i - I M  .an ti­

body. Ihese inc idence  le v e ls  did not charge in  o ld e r anim als (11 months 

old , S ince N orrins and Holmes (1969) s'Uggest th a t  th e  an tig en  s p e c i­

f i c i t y  of th e  an tibody  produced by IMZB/BL mice i s  fo r  I'MF, i t  appears 

th a t  th e  A^ZBFl h y b r id 's  a b i l i t y  produce anti-LNA an tibody  was in ­

h e r ite d  from a/ j  m ice . Ihe  r e s u l t s  of th e  p re se n t s tudy  a ffo rd  no 

support fo r  th i s  h y p o th e sis , however, s in ce  NZb/BZ. mice were no t ex­

amined s e ro lo g ic a lly  fo r  anti-DNA an tibody . Ihe f ln d i rg  th a t  only one 

5 l/c -m o n th -o ld  anim al was p o s it iv e  in  th e  IE c e l l  t e s t  cannot be ex­

p la ined  . LE c e l l  t e s t s  have been re p o rte d  to  be p o s i t iv e  w ith  both  

p a re n ta l  s t r a in s  ( Bielschowsky e t  a l  . , 1959.; F riou  and veague, 1969).

. Anti-DNP antibody was a lso  found In  the  s e ra  of c e r ta in  8- 

m onth-old 15751/6J mice ( r e t i r e d  b re e d e rs ) .  However, t e s t s  w ith  pooled 

s e ra  from mice of th i s  s t r a in  were n e g a tiv e . I f  anti-DNE antibody was 

p re se n t in  th e  serum pools of th e se  mice i t  ap p aren tly  was d i lu te d  by 

th e  s e ra  from n eg a tiv e  anim als such as to  be below th e  le v e l  of s e n s i ­

t i v i t y  of th e  im m unofluorescent t e s t s .

Ihe a b i l i t y  of .A / jm ic e  t o  pr.oducs. anti-DNP antibody, e i t h e r  

spontaneously  or a f t e r  immunization, i s  ap p aren tly  r e l a t e d  to  t h e i r  age
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and t o  t-nfeir p ty s io lo g ic  and g e n e t ic  s ta r - js .  • J*; 'was ehjwn t h a t  antl-^Wî 

antibody does no '̂ appear in t.ne ser% of v i rg in  animals beloza  5 l / t  

months of age, and t h a t  th e  inc idence of a r r ih o d y  In  8-m..xnfh-old animals 

i s  lower in  v i rg in s  ’"han in  r e t i r e d  b reede rs .  In je c t io n s  of LMF or I 'M  

in to  4 ,l/".-mor:*h-old animals d id  n o t  induce the  p roduc tion  of d e te c ta b le  

a n t i - l e a . "  a r t  ibody \ labile ..3), ' Simi.l.ar ireatmenT:- of 8-m:rr h-o,ld r e ­

t i r e d  b reeders  wnich had not developed a,rr i - I'Nr antibody spontaneously 

r e s u l t e d  in  me: form ation of antibody r e a c t iv e  wltn autologous leukocyte  

n u c le i  ..IE: r.'-.ll fo rm a tion ) ,  oal.f "hymus ...VF, and th e  n u c le i  of human 

leukocyt'ts  . i r . i r a c t e d  c o n t ro ls  did not produc- a n t i - . . , \ ‘ ar.t.ibody dur­

ing the '-xpe.rimerr a,l p e r io d .  Ihese da" a sugg-.s:‘, tha"' " n-. a b i l i t y  of 

a / ;  mice t o  p ro d u . ; a n t ib o d y  re a c t iv e  w ith  both autologous .and h e te ro ­

logous Ilfp could p o ss ib le  r e s u l t  from f a i l u r e  of to le ra n c e  mechanisms 

during * he aging p rocess ,  a theory  p.r ipo.eed by Pur ne t ( i9$8) to  exp la in  

auiclmmunl"y in  g e n e ra l .  Tmmi.ui.iza.tlon o.f mlc^ "hat were producing a n t i -  

DNP antibody as th e  r e s u l t  of spontaneous conversion  d id  nor r e s u l t ,  in  

th e  appearance of an ti  - DM. an tibody , l i n e r  an t i  -DM antibody does not 

appear spontaneously in  A/" micr u n t i l  af'te:: i  l / l  months of age, i t  

appears m a t  the  p o t e n t i a l  t o  respond immunologically to  INF is  d i s -  

tlnc-- from the  p o t e n t i a l  to  -respond to  DMA, and t h a t  to le ra n c e  to  DM F 

i s  l o s t  f i r s t .

S ince , in  the  l a t t e r  experim ents, both DNP and DM. v e re  c.om- 

bined with comp.lete Freund-s ad juvant f o r  i n j e c t i o n ,  a d d i t io n a l  e x p e r i ­

ments were performed in  an a ttem pt to  c l a r i f y  the  r o le  of the  ad juvant 

in  th e  p roduction  of anti-LMP antibody ( la b le  14). Each serum vas 

t e s t e d  f o r  antibody a c t i v i t y  fo r  both c a l f  thymus and r a b b i t  thymus
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BWPo A ll  s e ra  t h a t  gave p o s i t iv e  r e a c tio n s  w ith  c a l f  thymas DNP were 

a lso  p o s i t iv e  w ith  r a b b i t  thymus BNP. Ih u s , th e  anti-BNP an tibody  

which appeared fo llow ing  th e  im m unizations was a p p a re n tly  no t d ire c te d  

a g a in s t an a n tig e n ic  component unique to  c a l f  thymus BNP. a e  a n t i ­

body appears to  have th e  same ty p e  of au to - and h e t e r o - r e a c t iv i ty  as 

th a t  which appears spon taneously  in  both , .a/ b mice and human SLE. 

Although anti-BNP' an tibody  was induced in  8 of IB mice (males and f e ­

m ales) a f t e r  in je c t io n s  o f aqueous so lu tio n s  o f BNP, in je c t io n s  of 

com plete Pre'und'-s ad juvan t a lone in to  o th e r  anim als produced a  s im ila r  

s e ro lo g ic  re sp o n se . Animal.s in je c te d  w ith  incom plete .Fre'und’s ad ju ­

van t d id  no t develop anti-B.NP antlbod,y. tn e se  experim ents d id

not com plete ly  id e n t i f y  th e  a n tig e n  or an tig en s  to  which th e se  mice 

responded. Immunologic resp o n ses  could have been d ir e c te d  a g a in s t 

one o r more of th e  fo llo w in g  : ( l )  th e  BNP of th e  m ycobacteria  in  th e  

ad ju v an t, { - )  th e  c a l f  thymus BNP, ( 3 ) t r a c e  amounts o f p ro te in  in  th e  

DNA p re p a ra t io n s ,  (4 )  BMP which could have been a  contam inant in  BS.A, 

or ( 5 ) au to logous BNP re le a s e d  from damaged t i s s u e  e i th e r  d.uring g ranu­

loma fo rm atio n  or by c i r c u la t in g  a n tig e n -a n tib o d y  ( BSA-anti-BSA) com­

p le x e s .

F u rth e r evidence th a t  th e  a b i l i t y  of mice to  produce a n t i -  

n u c lear an tibody  might be due to  a  c h a r a c te r i s t i c  th a t  e x i s t s  only 

in  c e r t a in  s t r a in s  was d e riv ed  from imm^uiiizatlon s tu d ie s  w ith  BBA/lJ 

r e t i r e d -b re e d e r  mice th a t  were 8 and r.O months o ld . None of th e  mice 

in  th e se  groups produced anti-DNP' an tibody  a f t e r  e i th e r  s p e c if ic  or 

n o n -sp e c if ic  im m unizations.

'Ihe t r a n s f e r  of lymphoid c e l l s  of th e  sp leen  and lymph nodes
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to  normal anim als has been used e x te n s iv e ly  to  dem onstrate t h a t  such 

t i s s u e s  co n ta in  c e l l s  w ith  immunologic memory or p o te n t ia l  f o r  bo th  

immediate and delayed  immunologic responses to  v a rio u s  a n tig e n s . How­

e v e r , on ly  r e c e n t ly  has a spon taneously  occu rring  autoimmune s t a t e  been 

t r a n s f e r r e d  w ith  v ia b le  lymphoid c e l l s .  Holmes e t  a2. ( 1961) re p o rte d  

th a t  4- to  6 -w eek-old NZB/bl mice developed a f a t a l  autoimmune hemo­

l y t i c  anemia a f t e r  being in je c te d  w ith  v ia b le  sp leen  c e l l s  deriv ed  

from Coomb's p o s i t iv e  a d u lt  NZB/bl m ice. Although i t  had been e s ta b ­

l is h e d  th a t  WZB/bl mice a lso  develop a n t i-n u c le a r  an tibody  spontane­

o u sly , t h i s  param eter was not measured in  e i th e r  th e  donors o r th e  

r e c ip ie n t s .  However, in  th e  p re se n t s tu d y , c e r ta in  experim ents w ith  

a/j mice e s ta b l is h e d  th a t  r e c ip ie n ts  of sp leen  c e l l s  from r e t i r e d  

b reed e rs  developed anti-DNP an tibody  a c t iv i t y .  I 'h is  a c t iv i t y  was p ro ­

duced by most 4-m onth-old r e c ip ie n ts  (T ables 26, 27, and 28). The 

presence or absence of anti-DNP an tibody  in  th e  s e ra  of th e  r e t i r e d -  

b reed e r donors d id  no t appear to  be a  f a c to r  which determ ined th e  

type of se ro lo g ic  response  e x h ib ite d  by th e  r e c ip ie n ts .  More than  

o n e -h a lf  of th e  r e c ip ie n ts  in  most groups became p o s i t iv e  w ith in  2 

weeks a f t e r  th e  in je c t io n  of c e l l s  or homogenates d e riv e d  from donors 

th a t  had serum anti-DNP an tibody  a c t iv i t y .  The con tinued  presence of 

t h i s  an tibody  in  most r e c ip ie n ts  f o r  th e  d u ra tio n  of th e  experim ental 

p e rio d  (7  weeks) suggests  th a t  th e  m a jo rity  of th e  anti-DNP an tibody  

d e te c te d  in  th e  s e ro lo g ic  t e s t s  was d e riv ed  from a c tiv e  an tibody  syn­

th e s i s  in  th e  r e c ip ie n t  r a th e r  th an  from p a s s iv e ly  tr a n s f e r r e d  a n t i ­

body, A d d itio n a l evidence fo r  t h i s  concept was th e  o b se rv a tio n  th a t  

many anim als in je c te d  w ith  sp leen  c e l l s  ob ta ined  from mice which d id
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not have d e te c ta b le  anti-DNP an tibody  in  t h e i r  s e ra  a lso  developed a n t i -  

DNP an tibody . L ysates of c e lls , from s e ro p o s it iv e  or se ro n eg a tiv e  donors 

appeared to  be as e f f e c t iv e  as v ia b le  c e l l s  in  converting  th e  4-m onth-old 

r e c ip ie n ts .

The age of th e  r e c ip ie n t  a p p a re n tly  in f lu e n c e s  th e  sy n th e s is  

of anti-DNP an tibody  s in ce  i t  was found th e  7-week-old mice d id  not 

have anti-DNP an tibody  in  th e i r  s e ra  fo llow ing  th e  in je c t io n  of v ia b le  

c e l l s  from, se ro p o s itiv e  or se ro n eg a tiv e  r e t i r e d  b re e d e rs . Homogenates 

were a lso  in e f f e c t iv e .  These d a ta  in d ic a te  th a t  th e  younger r e c ip ie n ts  

d id  not p rovide a s u i ta b le  environm ent f o r  th e  sy n th e s is  of anti-DNP 

an tibody .

The p o s s ib i l i ty  th a t  th e  appearance of anti-DNP an tibody  in  

th e  se ra  of th e  A /j^ re c ip ie n ts  could have been due to  an immune r e s ­

ponse d ire c te d  a g a in s t n u c lea r m a te r ia ls  p re se n t in  th e  c e l l  f r e e  or 

v ia b le  c e l l  suspensions appears remote in  view of th e  f in d in g  th a t  

9 -m onth-old r e c ip ie n ts  d id  not develop anti-DNP an tibody  fo llow ing  th e  

in je c t io n  of v ia b le  thymus or sp leen  c e l l s  from 7-w eek-old donors 

( Table 34). The la c k  of anti-DNP an tibody  p roduction  by immunized 

4 l / 2-m onth-old a / j  mice adds a d d i t io n a l  support to  t h i s  concep t.

Although th e  in je c t io n  of homogenates of sp leen  c e l l s  from 

Coomb's p o s it iv e  NZB/bl mice d id  not. induce Coomb's n eg a tiv e  mice to  

produce au toan tibody  (Holmes e t  a l . ,  1961) , o th e r in v e s t ig a to rs  have 

rep o rte d  s p e c if ic  an tibody  p roduction  by non-immune anim als o r lymp­

hoid  c e l l s  a f te r  trea tm e n t w ith  c e l l - f r e e  lymphoid m a te r ia l  from 

immunized an im als. Mannick and Egdahl ( 1962) found th a t  an r ib o n u c le ic  

ac id  (RNA) e x tra c t  of immune r a b b i t  lymphoid c e l l s ,  when incubated
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in  v i t r o  w ith  normal r a b b i t  lymphoid c e l l s  and then  in je c te d  in to  normal 

an im als , induced the. r e c ip ie n ts  to  develop th e  s p e c if ic  hom ograft 

immunity possessed  by th e  donor. Treatm ent of t h e 'e x t r a c t  w ith  M ase  

destro y ed  i t s  t r a n s f e r  c a p a c ity . RM from norm al anim als was in cap ab le  

of t r a n s f e r .  ''Immune RNA"' in je c te d  in tra v e n o u s ly  w ith o u t p r io r  incuba­

t io n  w ith  c e l l s  i ^  v i t r o  was a lso  in e f f e c t iv e  (M annick, 1^64). RNA- 

tr e a te d  c e l l s  were e f f e c t iv e  in  inducing  a hom ograft immunity when 

g iven  up to  48 hours a f t e r  sk in  t r a n s p la n ta t io n  (Mannick, 1964), sug­

g e s tin g  th a t  b o th  an tig en  and s p e c if ic  RNA could be invo lved  in  th e  

immune resp o n se . A d d itio n a l experim ents rev ea led  th a t  ribosom al s i t e s  

fo r  RNA could be com pletely  s a tu ra te d  w ith  donor RNA, and th a t  th i s  

p reven ted  th e  appearance of s p e c if ic  immunity in  th e  same t e s t  system  

used in  p rev ious experim ents (Mannick and Rgdahl, 1964).

RNA, p u r if ie d  from immune mouse sp le e n s , has a lso  been re p o rte d  

to  induce c e r ta in  normal mouse sp leen  c e l l s  to  produce sheep e ry th ro c y te  

hem olysins ^  v i t r o  ( Cohen and P arks, 1964). Antibody was no t produced 

when th e  RNA e x tra c t  was t r e a te d  w ith  RNase. Friedman (1964) perform ed 

s im ila r  experim ents and ob ta ined  e s s e n t i a l ly  th e  same r e s u l t s .  In  

a d d i tio n , he found th a t  th e  RNA e x t ra c t  d id  no t co n ta in  d e te c ta b le  a n t i ­

gen and th a t  p re tre a tm en t o f th e  p ro sp ec tiv e  donors w ith  Actinomycin-D 

in h ib ite d  th e  in d u c tio n  of an tibody  fo rm ation  by su bsequen tly  e x tra c te d  

RNA.• This was in te rp re te d  by th e  a u th o r to  in d ic a te  th a t  th e  produc­

t io n  of s p e c if ic  new RNA i s  e s s e n t i a l  fo r  an tibody  fo rm atio n  by th e  

non-immune an im al, b u t i t  i s  no t known w hether th e  RNA e x t ra c ts  con­

ta in e d  an an tibody  coding mechanism, an immunogenic a n tig e n -n u c le ic  

ac id  complex, or an an tibody  p recu rso r  which may have induced immune
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a c t iv i t y  by non-immune c e l l s .

Although W eiler (1964) re p o rte d  th a t  th e  in je c tio n 'o f-h o m o ­

g enates o f mouse immune sp leen  c e l l s  d id  no t induce normal iso g en ic  

a n im a ls ,to  produce a n ti-p h ag e  antibody^ Friedman ( 1963) found th a t  

s p e c if ic  a n r i - b a c te r i a l  an tibody  was produced by normal r a b b i ts  

fo llow ing  th e  in trav en o u s in je c t io n  of crude p re p a ra tio n s  of n u c le i ,  

m itochondria , IWF, or BM from immune r a b b i t  sp leen .

A RNase s e n s i t iv e  f i l t r a t e  of immune r a t  lymphoid c e l l s  has 

been re p o rte d  to  induce s p e c if ic  an tibody  sy n th e s is  by normal r a t  lymph 

node c e l l s  in  t i s s u e  cu lt'u re  (Fishman, I 961 ) and in  M illip o re  chambers 

p laced  in  th e  p e r i to n e a l  c a v i ty  of normal anim als ( Fishman and A dler, 

1963)- S tu d ie s  w ith  t r i t i a t e d  c y tid in e  rev ea led  th a t  RNA becomes 

lo c a liz e d  in t r a c e l lu l a r l y  in  bo th  lymphocytes and macrophages. Lympho­

c y te s  surrounding  macrophages co n ta in ed  more RNA th an  d id  is o la te d  

lymphocytes (Fishman and A d ler, I9 63 ). Aronson ( 1963) has rep o rte d  

observ ing  t r i t iu m - la b e le d  RNA w ith in  cy top lasm ic b rid g es  formed between 

m acrophages. O bservations of e le c tro n  m icrographs of sp leen  and lymph 

nodes of immune r a b b i t s  have a ls o  rev ea led  cytoplasm ic b rid g e  fo rm ation  

between macrophages and plasma c e l l s ,  as w e ll as th e  passage through 

them of p a r t i c l e s  which appeared to  be ribosom es (Schoenberg e t  a l . , 

196b ) .  Experim ents t r i t iu m - la b e le d  RNA a lso  in d ic a te  th a t  th e  RNA 

of lymphoid c e l l s  has a long h a l f  l i f e  ( 'M ille r , I 96U). The au thor 

found th a t  r e s t im u la t io n  of immune r a t s  d id  no t in c re a se  th e  amount 

of s ta b le  RNA in  plasma c e l l s .  He suggested  th a t  a s in g le  m olecule 

of m essenger RNA m ight se rv e  re p e a te d ly  as a tem p la te  f o r  a la rg e  

amount of s p e c if ic  coded an tibody  p ro te in .  Campbell and Garvey ( 1961)
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have suggested, t.hat an tig en s  a re  c.atabolized  im m ediately by th e  h o s t 

and a re  re ta in e d  fo r  long p erio d s of tim e as fragm ents which are  Ini.-.i.- 

m ately  a s so c ia te d  w ith  RNA of lymphoid c e l l s .  They sp ecu la ted  th a t  th e  

incom plete breakdown of an tig en s  and p e rs is te n c e  of m olecular fragm ents 

in d ic a te s  th e  e x is ten ce  of lin k ag es  in  " fo re ig n "  m olecules which are  

no t com plete ly  su sc e p tib le  to  t o t a l  d eg rad a tio n  by h o s t c e l lu la r  enzymes. 

This la c k  of complete an tig en  ca tab o lism  was suggested  to  be th e  stim u­

lu s  f o r  an tibody  fo rm ation . The au tho rs  proposed th a t ,  under th e se  con­

d i t io n s ,  even aunologous an tig en s  could become immunogenic i f  they  

developed a " fo re ig n "  c o n fig u ra tio n , or i f  abnormal in t r a c e l lu la r  enzyme 

caused incom plete breakdown of a p o te n t ia l ly  immunogenic ag en t. Thus, 

th e  a b i l i t y  to  induce anim als or is o la te d  lymphoid c e l l s  to  produce 

s p e c if ic  an tibody  fo llow ing  trea tm en t w ith  c e l l - f r e e  m a te r ia l  appears 

to  be w e ll e s ta b l is h e d  under c e r ta in  c o n d itio n s . Although s p e c if ic  

RNA appears to  be involved  in  th e  p ro c e ss , o th e r fa c to r s  have no t y e t 

been excluded.

Burnet and Holmes (1964) have proposed th a t  th e  thymus i s  th e  

p rim ary  organ involved in  th e  hom eostasis mechanism which in h ib i t s  th e  

ex p ress io n  of autoimm unity. The p re se n t experim ents w ith  A/j  mice 

appear to  confirm  th i s  h y p o th e s is , and a ls o  in d ic a te  th a t  th e  sp leen  

has a s im ila r  fu n c tio n . A tem porary d ecrease  in  th e  le v e l  of anti-DNP 

an tibody  was observed in  one group of mice fo llow ing  th e  in je c t io n  of 

thymus c e l l s  from young A /j mice ( Table 3 0 ). Other experim ents in d i ­

ca ted  th a t  th e  d isappearance of anti-DNP an tibody  from th e  s e ra  of 

mice t r e a te d  w ith  thymus c e l l s  was no t t r a n s i e n t .  Most members of two 

groups of.m ice remained neg a tiv e  fo r  a 6-week p e rio d  (T ables 32 and 33).
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Experiments were not performed to  determ ine w hether anti-BKP an tibody  

would e v e n tu a lly  reappear in  th e  s e ra  of th e se  m ice. Other experim ents 

in d ic a te d  th a t  bo th  th e  thymus and th e  sp leen  of young a/ j  mice have 

th e  c a p a c ity  to  in flu en ce  anti-DNP an tib o d y  s y n th e s is . When s e ro ­

n e g a tiv e , r e t i r e d -b re e d e r  mice were in je c te d  w ith  suspensions of v ia b le  

thymus or sp leen  c e l l s  from T-week-old a/ j  m ice, and were subsequen tly  

immunized w ith  c a l f  thymus DNP, none o f them produced anti-DNP a n t i ­

body. In  c o n t ra s t ,  c o n tro ls  th a t  d id  no t re c e iv e  a p r io r  in je c t io n  

of thymus or sp leen  c e l l s  produced anti-DNP an tibody  a f te r  immuniza­

t io n .  These f in d in g s  in d ic a te  th a t  c e r ta in  thymus and sp leen  c e l l s  

of young a/ j  mice rev ived  th e  normal hom eostatic  mechanisms in  o ld  

r e c i p i e n t s .

The thymus i s  known to  in flu e n c e  normal immunologic responses 

in  bo th  n eo n a ta l and a d u lt anim als (review ed by Good e t  a l . ,  I 9 65 ) by 

hormones, by th e  seeding of c e l l s  to  th e  sp leen  and lymph nodes to  i n ­

f lu en ce  immune responses ^  s i t u , or by allow ing c e l l s  from o th e r 

lymphoid organs to  ga in  en trance  in to  th e  thymus and become immuno- 

lo g ic a l ly  competent (M ille r , 1962) . Suggestions have a lso  been advanced 

th a t  th e  post-thym ectom y w asting  syndrome in  c e r ta in  s t r a in s  of mice 

(DeVries e t  1964) and in  r a b b i ts  (S u th e rlan d  e t  , 1965; Kellum

e t  a l . , 1965) could be p a r t i a l l y  th e  r e s u l t  o f autoimmune p ro c e sse s .

The s tu d ie s  w ith  r a b b i t s  in d ic a te d  th a t  th e  appendix and th e  sp leen  

a lso  c o n tr ib u te  to  th e  th e o r e t ic a l  hom eostasis mechanisms. However, 

s in ce  o th e r  in v e s t ig a to rs  (E ast and F ar-ro tt, I 965 ) i n s i s t  t h a t  au to ­

immunity d id  not occur in  th re e  s t r a in s  of n e o n a ta lly  thymectomized 

m ice, i t  i s  p o s s ib le  th a t  only  c e r ta in  s t r a in s  of anim als a re
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su sc e p tib le  to  dem onstrable autoim m unity fo llow ing  th j^ec tom y.

With re s p e c t to  A /J m ice, i t  appears th a t  th e se  anim als p o ssess  

an in h e re n t t r a i t  which allow s aging anim als to  produce a u to - re a c tiv e  

anti-DNP and anti-DWA a n t ib o d ie s . Ihe absence o f th i s  type of a n t i -  

n u c lea r an tibody  in  s e v e ra l o th e r  s t r a in s  of mice sug g ests  th a t  th e  

a b i l i t y  to ' produce th i s  an tib o d y  could be governed by g e n e tic  mech­

anisms . P re lim in a ry  experim ents w ith  F I h y b rid s in d ic a te d  th a t  g e n e tic  

• tran sm issio n  could invo lve  a re c e s s iv e  t r a i t .

C e lls  capable of anti-DNP an tibody  p ro d u c tio n  were no t p re ­

sen t in  th e  sp leen  o f ' 7-w eek-old m ice, b u t th ey  were p re se n t in  8- 

month or o ld e r an im als. Thus, th e se  s p e c if ic  c e l l s  appear du ring  aging 

and could a r i s e  by som atic m u ta tion , as proposed by Burnet ( 1958) .  A 

mechanism of immunologic hom eostasis whose fu n c tio n  i s  to  in h i b i t  th e  

b io lo g ic a l  a c t i v i t y  o f c e l l s  capable o f autoimmune responses (B u rn e t, 

1958, 1962, 1963, 1964, 1965) i s  a p p a re n tly  fu n c t io n a l  in  A /j m ice.

I t  .ap p aren tly  d ecreases  in  e f fe c t iv e n e s s  w ith  in c re a s in g  age. A lthough 

4 1/ 2-m onth-old mice could no t be induced to  produce anti-DNP an tib o d y  

by im m unization, in d ic a tin g  th a t  th e  in h ib i to r  system  was f u n c t io n a l ly  

in ta c t  in  th e se  an im als, th e  in je c t io n  of 4 -m onth-old anim als w ith  

v ia b le  c e l l s  o r homogenates r e s u l te d  in  anti-DNP an tibody  p ro d u c tio n .

The ex is te n c e  or in d u c tio n  of c e l l s  capab le of r e s i s t i n g  hom eostatic  

c o n tro ls  could have been re sp o n s ib le  f o r  th i s  re sp o n se . A l te rn a t iv e ly ,  

th e  in je c t io n  of d isp e rse d  sp leen  c e l l s  in to  th e  p e r i to n e a l  c a v i ty  

could have d im inished  th e  e f fe c t iv e n e s s  of th e  in h ib i to r  system  long 

enough to  allow  c e l l s  to  escape perm anently  i t s  in f lu e n c e .

The n a tu re  o f th e  f a c to r  or f a c to r s  in  th e  c e l l  ly s a te s
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re sp o n s ib le  fo r  th e  appearance of an tibody  in  th e  r e c ip ie n ts  i s  unknown. 

Treatm ent of th e  m a te r ia l  w ith  DNase, RNase, and p ro te in a se s  might i n d i ­

c a te  w hether any o f th e se  substances  i s  involved  S ince i t  appears t h a t  

th e  h o s t response fo llow ing  th e  in je c t io n  o f th e  sp leen  c e l l  homogenates 

was no t an immune response d ire c te d  a g a in s t th e  n u c lea r m a te r ia ls  con­

ta in e d  th e r e in ,  o th e r b io lo g ic  mechanisms must be re sp o n s ib le  f o r  th e  

appearance of anti-DNP an tibody  under th e  experim en ta l c o n d itio n s  used 

in  th e  p re se n t s tudy .



CHAPTER V

SUMMARY

Immunoflucrescent techn iques  revea led  the  presence of gamma­

g lo b u l in  r e a c t iv e  w ith  c a l f  thymus DNP spo ts  and the  n u c le i  of human 

p e r ip h e ra l  blood leukocytes  in  serum pools of 8-month-old r e t i r e d -  

b reeder  A/J mice. S im ila r  s e ro lo g ic  te s t 's  w ith  serum pools from l6  

o the r  s t r a i n s  of mice were n eg a t iv e .  The f a c to r  in  the serum pools 

m igrated with gamma-globulin in  zone e le c t ro p h o re s is  and re a c te d  w ith  

s p e c i f i c  r a b b i t  anti-mouse gamma-globulin.

S ero log ic  s tu d ie s  of s e ra  of in d iv id u a l  8-month-old A/J mice 

( r e t i r e d  b re e d e rs )  revea led  a n t i -n u c le a r  f a c to r  r e a c t iv e  w ith  DNP, bu t 

not w ith  c a l f  thymus DNA, was p re sen t  only in  c e r t a in  anim als. These 

d a ta  in d ic a te d  th a t  the  f a c to r  i s  probably a s p e c i f i c  an tibody. Most 

s e ra  con ta in ing  anti-DNP antibody a lso  reac ted  w ith  n u c le i  of mouse 

( a / j ) ,  r a b b i t ,  or human leukocy tes .  Most mice th a t  had an t i-D N P .a n ti­

body produced LE c e l l s .

Young v i r g in  A/J mice d id  not produce anti-DNP an tibody  b e ­

fo re  5 1 /2  months of age, and the  inc idence  in  th e se  mice a t  8 l / 2  

months of age (fem ales ,  1 2 . 5/0 p o s i t iv e ;  males, 10^ p o s i t iv e )  appeared 

to  be lower than t h a t  of 8-month-old r e t i r e d  b reede rs  ( fem ales ,  3^^ 

p o s i t i v e ;  males, 20% p o s i t i v e ) .

A s t a t i s t i c a l l y  s ig n i f i c a n t  sexual d i f fe re n c e  in  the  inc idence  
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of anti-DNP an tibody  was found in  9-m onth-old A /J r e t i r e d  b reed e rs  

(fem a les , 35-8% p o s i t iv e ;  m ales, 23.7% p o s i t i v e ) .  The inc id en ce  of 

anti-DNP an tibody  in  each sex was found to  in c re a se  s ig n i f i c a n t ly  w ith  

age, i r r e s p e c t iv e  of w hether th e  anim als were v irg in s  o r r e t i r e d  b re e d e rs , 

and th e  sex u a l d if fe re n c e  seemed to  d isap p ea r w ith  age.

Anti-DNP an tib o d y , b u t no t anti-DNA an tib o d y , was a lso  found 

in  th e  serum of 25% of C5TBL/6j  mice (8-m onth-old  r e t i r e d  b re e d e rs ) . 

However, i t  was no t produced by e i th e r  AJDFl h y b rid s  up to  l6  months of 

age or DEA/lJ r e t i r e d  b reed e rs  up to  l8  months of age.

Although anti-DNA an tibody  was no t d e te c te d  in  th e  s e ra  of 8- 

to  12-m onth-old A/j  r e t i r e d  b re e d e rs , 31.8% had anti-DNA an tibody  a t  23 

months of age. In  c o n t r a s t ,  most ANZBFl h y b rid s  had b o th  anti-DNP and 

anti-DNA an tibody  a t  5 l / 2 months of age.

Immunization w ith  c a l f  thymus DNP or DNA in  com plete F reund 's  

ad juvan t d id  no t induce 4-m onth-old v irg in  A/j  mice to  produce a n t i -  

n u c le a r  an tibody . S im ila r  trea tm en t of se ro n eg a tiv e  8-m onth-old r e ­

t i r e d  b reed e rs  induced th e  fo rm ation  of an tib o d y  re a c tiv e  w ith  both  

c a l f  and r a b b i t  thymus DNP and au to logous n u c le i (LE c e l l s ) ,  b u t no t 

w ith  DNA: -N on-specific im m unization or com plete F reu n d 's  ad juvan t 

alone was a lso  e f f e c t iv e  in  inducing  th e  p ro d u c tio n  of anti-DNP a n t i ­

body. U n treated  se ro n eg a tiv e  c o n tro ls  d id  no t develop anti-DNP a n t i ­

body spon taneously  du ring  th e  experim en ta l p e r io d s .

Age and o th e r f a c to r s  a p p a re n tly  in flu en ced  th e  appearance of 

anti-DNP an tibody  in  A/j  mice th a t  were in je c te d  w ith  v ia b le  sp leen  

c e l l s  or ly s a te s  d e riv ed  from s e ro p o s it iv e  or se ro n eg a tiv e  iso g en ic  

donors. Some 4 -m onth-old r e c ip ie n ts  developed anti-DNP an tibody , b u t
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none of th e  J-w eek-old  r e c ip ie n t s  became s e ro p o s i t iv e .  When v ia b le  

, thymus c e l l s  from 4-w eek-old A /J donors were t r a n s f e r r e d  to  groups of 

s e ro p o s itiv e  iso g en ic  r e c ip ie n ts  ( r e t i r e d  b re e d e rs ) ,  anti-L®F an tibody  

decreased  o r d isap p ea red  from most r e c ip ie n ts .  U n trea ted  s e ro p o s itiv e  

c o n tro ls  d id  no t show th i s  v a r ia t io n .  S eronegative  9-m onth-old r e c ip ­

ie n ts  o f thymus or sp leen  c e l l s  from 4-w eek-old donors d id  not develop 

anti-DNP an tibody , and i t  could  no t be induced in  th e se  anim als by 

s p e c if ic  im m unization.

These o b se rv a tio n s  sup p o rt the  h y p o th esis  th a t  in  A /j mice 

( l )  autoimm unity to  DNP and DNA occurs as a r e s u l t  of f a i l u r e  of 

normal hom eostatic mechanisms during  ag ing , (2 ) c e l l s  re sp o n s ib le  fo r  

t h i s  c o n tro l  a re  found in  th e  thymus and sp leen  of young m ice, and 

( 3 ) th e  a b i l i t y  of mice to  produce a n t i-n u c le a r  an tibody  i s  ap p a re n tly  

tra n sm itte d  by g e n e tic  mechanisms.
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