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A modified immunoautoradiographic  method is  p roposed  which i nc rea se s  by 16-32 t imes  
the sensi t iv i ty  of the gel-diffusion react ion.  The method combines  high sensi t iv i ty  with ab-  
solute specif ici ty .  By the use  of this method, human ~ - f e top ro t e in  was detected in a con-  
centra t ion of 0.1-0.05 g g / m l .  It was thus poss ib le  to d i scove r  this prote in  in the s e r a  of 
p regnant  women, in a high propor t ion  of s e r a  f r o m  pat ients  with hepa tomas  giving a nega-  
t ive r e su l t  in the ord inary  gel-diffusion test ,  and in ce r ta in  other  cases .  The method is 
un iversa l ly  applicable to all pro te ins  giving prec ip i ta t ion  in agar.  

a - F e t o p r o t e i n  (a-f-p) is  a specif ic  pro te in  found in the s e r u m  of human and animal  embryos .  The 
specif ic  immunochemica l  t es t  for  pri. 'mary ca rc inoma  of the l i ve r  [8, 4] and for ce r ta in  t e r a tob l a s tomas  [4, 
12] is also a t es t  for  a - f p  in pa t i en t s '  se ra .  

The agar  diffusion tes t  is  usual ly  used to de te rmined  a - f p ,  for  in this way it can be identified in 
complex s y s t e m s ,  e .g. ,  in blood s e r u m  or  t i s sue  ex t rac t s .  However ,  the sensi t iv i ty  of this method is  not 
ve ry  high, and a - f p  cannot be detected in concentra t ions  below 1-2 g g / m l .  For  exper imenta l  r e s e a r c h  and 
the ea r ly  diagnosis  of ca r c inoma  of the l iver ,  i t  is  impor tan t  to inc rease  the sensi t iv i ty  of the tes ts .  Re -  
cently, Olovnikov and Tsvetkov [7] have proposed  an aggregate-hemagglu t ina t ion  method f o r  this purpose.  
This g rea t ly  i n c r e a s e s  the sensi t iv i ty  of the test ,  but depr ives  it of the resolv ing  power  p o s s e s s e d  by the 
agar  precipi ta t ion test .  An immunoautoradiographic  method of de termining a - f p  combining high sensi t iv i ty  
with absolute specif ic i ty  is  now suggested.  

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

The e s sence  of the method is  detection of an invisible p rec ip i ta te  by means  of radioact ive  labeled 
antibodies against  the antibodies fo rming  this prec ip i ta te .  The invisible prec ip i ta te ,  once it has  become 
radioact ive ,  gave an image  on x - r a y  fi lm. This  method, p rev ious ly  suggested by Rowe [13] for  s imple  agar  
diffusion, was applied to double gel diffusion and used to de te rmine  a - f p .  

The t e s t  sy s t em,  consis t ing of monospecif ic  rabbi t  an t i s e rum ~ - fp  and of a - f p  itself,  was diluted 8, 
16, and 32 t imes .  However,  the prec ip i ta t ion  band fo rmed  in agar  is invisible.  The a g a r p l a t e s  were  washed 
to r emove  nonreaet ing subs tances  and t r ea t ed  with antibodies against  rabbi t  3' -globulin,  labeled with 113t or  
1125. After  all unbound radioact iv i ty  had been r emoved  by washing, the p la tes  were  dr ied and kept for  1-7 
days in contact  with photographic  film. The invisible rad ioac t ive  p rec ip i t a te  p r e s e n t  in the agar  gave an 
image  on the  film. 

A t e s t  s y s t e m  of human a - f p ,  generous ly  provided by S. D. Perova ,  was used. This t es t  s y s t e m  has  
been desc r ibed  by Abelev et  al. [4]. Ase i tes  fluid of a pat ient  with p r i m a r y  c a r c i n o m a  of the l ive r  is i ts  
antigen, and the s e r u m  of a rabbi t  immunized  with human fetal  s e r u m  and exhausted by donor ' s  s e r u m  is 
i ts  ant i serum.  This  t es t  s y s t e m  was diluted 8, 16, and 32 t imes  by compar i son  with the opt imal  dilution 
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Fig. i. Determination of a-fp in serum by 
ordinary precipitation and by immunoauto- 
radiography: A) stained preparation; B) 
autoradiograph of same preparation; I} test 
system for ordinary precipitation; ID same 
test system diluted 1:8; Ill) same test sys- 
tem diluted 1:32; 1) antiserum of test sys- 
tem (AS); 2) AS in dilution 1:8; 3) AS in dilu- 
tion 1:32; 4) antigen of test system (AG); 5) 
AG in dilution 1:8; 6) AG in dilution 1:32; 
7) se rum for testing; 8) physiological saline. 

Fig. 2. Increase  in the sensit ivity of ~ -  
fp detection by concentrat ing the tes t  
serum. Autoradiograph: 1} AS diluted 
1:8; 2} AS diluted 1:16; 3) AS diluted 1:32; 
4) AG diluted 1:8; 5) AG diluted 1:16; 6) 
AG diluted 1:32; 7) test  serum;  8) tes t  
se rum concentrated by means of Lifogel 
(30 mg Lifogel added to 0.2 ml serum}; 
9) physiological saline. 

for ordinary  precipitation. The sample to be invest i -  
gated was tested with each of the three tes t  systems.  
During the work, s t r ic t  watch had to be kept to ensure 
optimal rat ios  between antigen and an t i se rum in the 
tes t  system. These rat ios  may al ter  slightly as the 
invisible zone is entered,  so that before the test  ma-  
ter ia l  is examined, optimal dilutions of the compo-  
nents of the tes t  sys tem must be selected and the 

dilution at which the invisible precipi ta te  still remains  in the agar  and gives an image on the film must be 
determined. To obtain more reliable resul ts ,  not only the last  dilution of the tes t  system,  but the two 
preceding dilutions, were used. 

Antibodies against rabbit  7 -globulin were obtained f rom ass ant iserum by the use of an immunoso r -  
bent. This was 7 -globulin, polyeondensed with glutaraldehyde [10]. Either 1125 (Amersham, England) or  
the Soviet 1131 were used for labeling. The method of iodination used was based on the use of IC1 as iodine 
c a r r i e r  [11]. Antibodies (4 rag) were labeled with 5-10 mCi iodine. Unbound iodine was removed by dialy-  
sis. The result ing prepara t ion  was made up to 100-200 ml with borate  buffer,  pH 8.0. Normal  horse  s e rum 
was added to the buffer (2 ml to 100 ml buffer) as c a r r i e r  protein to prevent  se l f - i r rad ia t ion  of the p r e p a r a -  
tion, and merthiolate was added as antiseptic. 

The tes t  was ca r r i ed  out as follows. A layer  consist ing of 3 ml 2% Difce agar in physiological  saline 
was applied to a slide. The precipi tat ion tes t  was ca r r i ed  out by the standard method [6], but the diluted 
test  sys t em was used. Wells for reagents  were 3 mm in d iameter  and the distance between the wells 3 mm. 
The slides were kept in a humid chamber  for  2-3 days and then washed. For  rapid washing the agar  plate 
was t r ans fe r r ed  to a Kapron sieve, s t re tched ever  a special  f rame,  and fixed with soft rubber  r ings [1]. The 
physiological saline was r insed off with phosphate buffer,  pH 7.0, with s t i r r ing  overnight.  After  washing, 
the sieve with the agar  plate was immersed  for 1 h in the radioactive antibodies and left overnight in the 
humid chamber.  It was then washed again for 24 h to remove unbound radioactivity,  lust as in the preceding 
stage. The agar plate was again t r ans fe r r ed  to a slide, fixed in 80% ethanol for 2 h to remove salts,  and 
then covered with f i l ter  paper  and dried in an incubator at 50'C. Fluorographic  film was p re s sed  against 
the dried film by means of a clean slide and rubber  r ings ,wi th  the emulsion toward the agar,  the whole 
specimen was wrapped in black paper,  and then kept in a dark  room for  1-7 days. The film was developed 
with h igh-cont ras t  D-11 developer. The technique of immunoautoradiography has been fully descr ibed p r e -  
viously [2]. 

A fur ther  increase  in sensit ivity was obtained by p re l iminary  concentrat ion of the tes t  specimens with 
Lifogel. To 0.2 ml of the specimen, 30 mg of Lifogel (Gel Manuf. Co., England) was added and the speci -  
mens were kept in a r e f r i ge r a to r  overnight. In this way the protein concentrat ion was increased  by 3-4 t imes.  

EXPERIMENTAL RESULTS 

The method described above increased the sensitivity of double diffusion in gel by 16-32 times. 
Whereas ~-fp could be detected by ordinary precipitation in agar in a concentration of 2-4 #g/ml, the same 
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prote in  could be detected by autoradiography in concentra t ions  of 0.06-0.126 ~g /ml .  The r e su l t s  of a 
typical  exper iment  are  shown in Fig. 1. 

As a resu l t  of  the p r e l i m i n a r y  concentrat ion of the t es t  sample  by 4 t imes ,  ~ - fp  could be detected in 
a concentrat ion of 0.0125-0.032 ~ g / m l  (Fig. 2). 

This  sens i t iv i ty  was suff icient  to enable solutions to be found for  a number  of p rob l ems  which had 
proved  insoluble before  this exper imenta l  approach was available.  

One such p rob l em  is  that  of the "~f -nega t ive"  hepa tomas ,  i .e . ,  hepa tomas  not producing ~ - fp  [4]. It 
was not known whether  the di f ference between ~f -nega t ive  and ~ f -pos i t i ve  hepa tomas  is quali tat ive or  due 
to quanti tat ive d i f fe rences  in ~ - fp  production. In t e s t s  of ~ f -nega t ive  s e r a  f rom pat ients  with hepa tomas ,  
more  than 40% of them were  found to be ~f -pos i t ive .  Another  example  of the successfu l  use  of this method 
was the detection of ~ - fp  in the blood of pregnan~ women. This pro te in  can, of course ,  be detected in the 
blood of pregnant  mice  by prec ip i ta t ion  in agar  [3], but it cannot be found in human blood under  these  con-  
ditions. By the use  of the autoradiographic  method, ~ - f p  was found in the s e r a  of all p regnant  women af te r  
the 15th week. 

This method can evidently be applied to all p ro te ins  giving prec ip i ta t ion  in agar .  Fo r  instance,  the 
wr i t e r s  have used it  successfu l ly  to study group-spec i f ic  leukemic  antigen in mice  and were  able to detect  
this antigen in healthy mice  of var ious  l ines [5]. 

The method can also be used to de te rmine  whether  a prec ip i ta t ing  fac tor  which has been  found belongs 
to the 7 -g lobu l in  c lass ,  i .e . ,  whether  an obse rved  reac t ion  in fact  i s  an an t igen -an t ibody  react ion.  It can 
be used, evidently,  for  immunoe lec t rophore t i c  analysis .  The w r i t e r s  a re  gra teful  to Dr. Rowe (WHO 
Immunoglobulin Reference  Labora tory)  for  informat ion about his method before  publication. 

This work was pa r t ly  subsidized by the World Health Organization.  

lo 
2. 

L I T E R A T U R E  C I T E D  

G. I. Abelev, S. D. Perova ,  N. I. Khramkova,  et  al., Biolkhimiya,  2_~8, 625 (1963). 
G. L Abelev, L V. A s s e c r i t o v a  (Assekri tova) ,  N. A. Kraevsky  (Kraevskii) ,  et  al., Internat.  J. Cancer ,  
2, 551 (1967). 
G. LAbelev and R. D. Bakirov, Vopr. Med. Khimii, 1_~3,378 (1967). 
G. I. Abelev and R. D. Bakirov, in: Immunoehemical Analysis [in Russian], Moscow (1968), p. 271. 

3. 
4. 
5. G . I .  Abelev and D. A. Elgor t  (El 'gort) ,  Internat .  J. Cancer ,  6, 145 (1970). 
6. I .V .  Assekr i tova ,  G. I. Abelev, N. A. Kraevstdi ,  et  al., Vestn. Akad. Med. Nauk SSSR, No. 5, 75 (1967). 
7. A . M .  Olovnikov and V. S. Tsvetkov,  Byull. ~ksper im.  Biol. i Med., No. 12, 102 (1969). 
8. Yu. S. Tatar inov,  Vopr. Med. Khimii, 1_00, 90 (1964). 
9. N. L Khramkova  and G. I. Abelev, Byull. I~ksperim. Biol. i Med., No. 12, 107 (1961). 

10. S. A v r a m e a s  and T. Ternynk,  Immunochemis t ry ,  6_ 53 (1969). 
11. R . W .  He lmkamp,  M. A. Con t re ras ,  and W. E. Bale, Internat .  J. Appl. Radiat . ,  18__, 737 (1967). 
12. J. Masopust ,  K. Kithier,  J. Radl,  et  al., Internat.  J. Cancer ,  3, 364 (1968). 
13. D .S .  Rowe, Bull. Wld. Hlth. Org.,  4O, 613 (1969). 

216 


