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OF T H E  L U N G S  IN E X P E R I M E N T A L  B E R Y L L I O S I S  
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Six new antigens were  de te rmined  by immunoe lec t rophores i s  in the nucleoprotein f rac t ion  
of the lungs of August r a t s  with exper imenta l  bery l l ios i s .  The i r  e lec t rophore t ic  mobil i ty  
was de te rmined  re la t ive  to human se rum albumen. The use of act ive anaphylaxis  and 
Z i l ' b e r ' s  method showed that  some of the additional antigens probably  contain bery l l ium 
while o thers  a re  f ree  f rom it. 

The f i r s t  invest igat ion of the antigenic changes in the lungs in exper imenta l  be ry l l ios i s  showed that 
the nucleoprotein f rac t ion  of the lungs not only loses  some of i ts  antigens,  but also acqui res  new ones not 
c h a r a c t e r i s t i c  of the normal  lung [2]. However ,  the methods used by these w o r k e r s  did not allow the indi-  
vidual antigens in the mult icomponent  s y s t em to be identified. Nor was it shown whether  bery l l ium m a n i -  
fes ts  its p r o p e r t i e s  of a hapten in the lungs in bery l l ios i s ,  although its sensi t iz ing p rope r t i e s  have often 
been desc r ibed  [1, 8, 9-12]. 

In the invest igat ion desc r ibed  below an a t tempt  was made by using immunodiffusion methods  to detect  
as fully as poss ib le  antigens not cha r ac t e r i s t i c  of normal  t issue,  and also,  by use of the anaphylaxis  method, 

to de te rmine  whether  bery l l ium is p resen t  as a hapten in the new 
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Fig. 1. Diagram showing a r r a n g e -  
ment  of antigens of nucleoprotein 
f rac t ion  of lungs of r a t s  with 
exper imen ta l  be ry l l ios i s  not found 
in the lungs of intact r a t s  by i m -  
munoe lec t rophores i s .  Pl )  Sub- 
f rac t ion  of lung nucleeprote ins  
r ead i ly  soluble in physiological  
saline; P2) subfract ion of the 
same  prote ins  spar ingly  soluble 
in physiological  saline; ab) g lob-  
ulins of hyper immune  rabbi t  
s e r u m  against  nucleoprotein 
f rac t ion  of r a t s  with e x p e r i -  
menta l  beryl l ios is .  

antigenic de terminants .  
t 

E X P E R I M E N T A L  M E T H O D  

Male August ra t s  weighing 100-120 g were  used. Exper imenta l  
be ry l l ios i s  was produced by the method descr ibed  p rev ious ly  [4]. The 
an imals  were  decapi ta ted one month later~ The lungs were  washed on 
ice with physiological  sal ine,  the root  of the lungs was removed,  and 
the remain ing  lung t i s sue  used for  isolat ion of the nucleoprotein 
f ract ion by B e l o z e r s k i i ' s  method. This  f rac t ion  was used to i m m u -  
nize rabbi t s  and in agar -d i f fus ion  t es t s  [5]. Two subfract ions  were  
used in the semimic romodi f i ca t iou  [11, 6] of analyt ica  ! immuno -  
e lec t rophores is~  For  this purpose  the original  nucleoproteins  were  
c la r i f i ed  by centr i fugat ion at 10,000 rpm for  45 rain at 0~176 The 
supernatant ,  a t r anspa ren t  solution of prote in  (P1), was separa ted  by 
decantat ion while the solid res idue  (P2) was washed with phys io -  
logical saline and the pH adjusted to 8.6. The mean  prote in  yield of 
subfract ion P1 was 8 m g / g  lung t issue,  and of subfract ion P2, 23 
mg /g .  

Altogether  30 an t i s e r a  against  the nucleoprotein f rac t ion  of the 
lungs of r a t s  with exper imenta l  be ry l l ios i s ,  obtained by var ious  
schemes  of immunizat ion [3], we re  used. To r emove  antibodies 
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TABLE 1. Re la t ive  E l e c t r o p h o r e t i c  Mobi l i ty  of New Ant igens  A p p e a r -  

ing in Lungs  in E x p e r i m e n t a l  B e r y l l i o s i s  

Mobility 

Mean value of relative 
mobility 1,06 

Zone . . . . . . . . . . .  Albumin 

Antigen NO. 

II III IV V VI 

0,77 0,57 0,50 0,43 0,5---0, 

a 1Glob- c~ Glob- B Gl6b- /3 z G~ob- 7 Glob-, 
ulin ulin ulin I ulin I ulin 

TABLE 20 De tec t ion  of B e r y l l i u m - C o n t a i n i n g  A n t i g e n s  in  S u b f r a c -  
t ions  of Lung N u c l e o p r o t e i n s  of Ra t s  with E x p e r i m e n t a l  B e r y l l i o s i s  
by Act ive  Anaphy lax i s  and by Z i l ' b e r ' s  Method 

Expt. " Character of antigen No. of animals 
on desensiti- on reacting with 

No. on sensitization zation injection total shock 

1 P1 Not Homologous serum 10 6 
desensitized + BeCI~ 

Not sensitized ~ ~ The same 4 0 

2 P2 Not de.sen- Homologous serum 
siflzed + BeC12 7 6 

3 Homologous serum ~lot desensitized P2 l0 4 
+ BeC12 , , P2 4 0 

Homologous serum 

4 HI+BeO H1 P1 9 8 

5 H2+BeO H2 P2 8 7 

6 P2 H2 H2+BeO 7 6 
Not sensitized Not desensitized H2+BeO 5 0 

7 P2 P2 8 7 (C+BeO) 
-}-(H2+BeO) 

a g a i n s t  n o r m a l  an t igens ,  the r e s u l t i n g  a n t i s e r u m  was exhaus ted  by p r o t e i n s  of the nue l e op r o t e i n  f r a c t i o n  of 
the lungs  of in tac t  r a t s .  C o m p l e t e n e s s  of exhaus t ion  was  v e r i f i e d  by a g a r - d i f f u s i o n  t es t s .  An t ibod ies  we re  
i so l a t ed  toge ther  with the T-g lobul in  f r ac t i on  by the Rivanol  me thod  or  on DEAE-Sephadex  [7] and c o n c e n -  
t r a t e d  with a m m o n i u m  su l fa te  [6] by m e a n s  of Sephadex G-25.  The  e l e c t r o p h o r e t i c  m o b i l i t y  of the i n d i v i d -  
Ual an t i gens  was  c a l c u l a t e d  r e l a t i v e  to the mob i l i t y  of h u m a n  s e r u m  a l b u m i n .  

C o m p a r i s o n  of the b e r y l l i u m - c o n t a i n i n g  p r o t e i n s  ob ta ined  in  v i t ro  with the lung a n t i g e n s  in e x p e r i -  
m e n t a l  b e r y l l i o s i s  was  c a r r i e d  out on gu inea  p igs  by ac t ive  anaphy lax i s  and by Z i l ' b e r ' s  b io log ica l  method .  
To p r e p a r e  b e r y l l i u m - c o n t a i n i n g  an t i gens  b e r y l l i u m  oxide dust  was added to the s u b f r a c t i o n s  of the " s u p e r -  
na t an t "  f r o m  the lungs  of in tac t  r a t s  (H1) and  " r e s i d u e "  (H2) in the p r o p o r t i o n  of 100/zg pe r  m g  p r o t e i n  and 
m i x e d  for 5 h da i ly  for 1 week at  r o o m  t e m p e r a t u r e  on a m a g n e t i c  m i x e r ,  the p r o t e i n  so lu t ion  being kept  for  
the r e s t  of  the t i m e  in a r e f r i g e r a t o r .  Guinea  pig s e r u m  p r o t e i n s  to which b e r y l l i u m  ch lo r ide  so lu t ion  was  
added to the s a m e  c o n c e n t r a t i o n  ex t e m p e r e  was  a l so  used as  a r t i f i c i a l  b e r y l l i u m - c o n t a i n i n g  ant igen .  The 
gu inea  pigs w e r e  s e n s i t i z e d  s u b c u t a n e o u s l y  with 2-4  mg  of the c o r r e s p o n d i n g  p r o t e i n  so lu t ions ,  and 20 days 
l a t e r  a d e s e n s i t i z a t i o n  c o u r s e  and the r e a c t i n g  i n j ec t i on  w e r e  given.  

E X P E R I M E N T A L  R E S U L T S  

I m m u n o e l e c t r o p h o r e t i c  i n v e s t i g a t i o n  of the nuc l eop ro t e in s  f rom lungs  with e x p e r i m e n t a l  b e r y l l i o s i s ,  
us ing  d i f fe ren t  a n t i s e r a  exhaus ted  with an t igens  of n o r m a l  lung t i s s u e s  for deve lopment ,  r e v e a l e d  six a n t i -  
gens  which w e r e  a b s e n t  in the c o r r e s p o n d i n g  f r a c t i o n  of the lungs  of in tac t  r a t s .  It  m u s t  be poin ted  out that  
it  was  e x t r e m e l y  d i f f icu l t  to ob ta in  comple t e  exhaus t ion  of an t ibod ies  a ga i n s t  lung t i s s u e  an t igens .  Despi te  

179 



Fig. 2. Immunoe lec t rophores i s  of nucleoproteins  of lung 
f rac t ions  f rom r a t s  with exper imenta l  bery l l ios i s .  Central  
wells  contain uucleoproteins f rom lungs of intact  r a t s ,  upper 
(a) and lower (b) wells  contain subfract ion of nucleoprotein 
f rac t ion  of lungs of r a t s  with exper imen ta l  bery l l ios i s ,  r ead i ly  
soluble in physiological  saline; lower (a) and upper (b) wel ls  
contain spar ingly  soluble subfract ion of these  prote ins ;  gu t te r s  
contain rabbi t  v-globul ins  against  nucleoprotein f rac t ion  of 
lungs of r a t s  with exper imenta l  be ry l l ios i s  (a - No. 21; b - No. 
39) exhausted with pro te ins  of nucleoprotein f ract ion f rom lungs 
of intact r a t s .  

f requent  repet i t ion  of the absorpt ion  of the an t i se rum,  in m o s t  c a s e s  individual antigens r e a p p e a r e d  af ter  
concentrat ion,  although they were  read i ly  dist inguished by e l ec t ropho re s i s  f r o m  the ant igens of the patho-  
logical ly  changed lungs. A d i ag ram of the a r r a n g e m e n t  of all  these  antigens,  s u m m a r i z i n g  the r e su l t s  of 
s eve ra l  exper iments ,  is given in Fig. 1. The r e su l t s  of individual immunoe lec t rophore t i c  invest igat ions 
showing antigens absent  f rom the normal  lung a re  i l lus t ra ted  in Fig. 2. One of these  antigens was found 
only in one subfract ion;  antigens II and VI were  found only in subfract ion P1, and antigen IV only in sub-  
f rac t ion  P2. The values  of  the re la t ive  e lec t rophore t i c  mobi l i ty  a r e  given in Table  1. 

A cha rac t e r i s t i c  fea ture  of mos t  of the newly d i scovered  antigens is the cons iderable  extent  of thei r  
prec ip i ta t ion  bands. This  was evidently because  they consis t  of prote ins  which a re  se ro log ica l ly  identical  
but which differ  in thei r  charge  and molecu la r  weight. Antigen VI, for  example ,  gave two dist inct  a r c s  of 
immunoe lec t rophores i s  which joined one another,  so that  two values  of  e lec t rophore t ic  mobil i ty ,  one for 
each a rc ,  a r e  given for this antigen in Table  1. Antigens with the mobi l i ty  of a~- and fl-globulins were  
found m o s t  frequently.  Special t e s t  s y s t e m s  were  chosen for antigens IV, V, and VI. With the i r  aid these 
antigens were  found in mos t  t i ssue  ex t r ac t s  f rom the va r ious  o rgans  of the exper imenta l  an imals .  However ,  
the sens i t ive  t es t  sy s t em demons t ra ted  the p re sence  of these  antigens in sma l l  quanti t ies in ce r ta in  t i s sues  
of the intact  an imals  also.  Fo r  instance,  antigen VI was found also in the kidneys and it gave a reac t ion  of 
par t ia l  identity with the lungs of intact  r a t s ,  antigen V was found in hea r t  t i ssue,  and IV in the t i s sues  of the 
s tomach,  l iver ,  and lungs. Antigen IV evidently s imply  accumula tes  in the t i s sues  in bery l l ios i s ;  under 
no rma l  conditions there  is so little of it that  it cannot be detected in a sys t em with low sensi t ivi ty .  

Since none of the antigens found was available in a pur i f ied form,  the p r e sence  of bery l l ium in them 
was studied by the anaphylaxis  method and by Z i l ' b e r ' s  biological  method. By these  methods  it was p o s s i -  
ble to c o m p a r e  the additional antigens appear ing  in exper imenta l  be ry l l ios i s  in vivo with antigens of be ry l l i -  
um-containing pro te ins  p r e p a r e d  in vi t ro .  The scheme and r e su l t s  of these expe r imen t s  a r e  given in Table  
2. 
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The results of these experiments demonstrate the presence of cross-react ing antibodies against 
antigens formed in vivo and artificial beryllium-containing proteins. The conditions of experiments Nos. 1-6 
were such that only beryllium could be the common determinant. Consequently, both subfractions of lung 
nucleoproteins of ra ts  with experimental beryMiosismay have beryllium-containing antigenic groups as 
components. 

The results of these experiments thus demonstrate eonclusively that several new antigens with high 
and low electrophoretic mobility appear in the lungs in berylliosis, and that some of them may possibly 
contain beryllium in their active group. In connection with these results it is imperative to recall obser- 
vations [13] that the beryllium in the lungs migrates during electrophoresis both to the anode and to the 
cathode, which suggests that the metal can be bound with different tissue protein fractions. 

However, additional antigens not containing beryllium also appear in the lungs in experimental 
berylliosis. This was shown by the results of experiment No. 7. In this experiment the animals were 
sensitized with proteins of subfraction P2. At the height of sensitization their blood serum was completely 
exhausted with antigens of normal lung tissue, with beryllium-containing proteins, and with antigens not 
specific for berylliosis but characteristic of the lungs during silicosis. Nevertheless, seven of the eight 
guinea pigs developed anaphylactic shock after the reacting injection of subfraction P2. 

The nature of the new antigens discovered and the degree of their specificity for berylliosis are not 
yet known, and there is no direct evidence that they play an active role in the pathogeneis of the disease. 
Some of them are perhaps directly concerned with the production of autoimmune lesions, while others may 
be simply "markers" of immunopathological disturbances affecting many tissues in berylliosis. 
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