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A new method of detect ion of embryonic  a -g lobu l in  (aggregate  hemagglutination),  m o r e  than t0,000 
t imes  m o r e  sens i t ive  than the prec ip i ta t ion  reac t ion ,  is descr ibed.  By means  Of this method,  embryonic  (~- 
globulin could be detected in the blood of patients  with hepatocel lular  cance r  and chor ionepi thel ioma,  in 
whom this prote in  could not be detected by the precipi ta t ion reac t ion .  

Invest igat ions  by Abelev and c o - w o r k e r s  [1-3], Ta ta r inov  and c o - w o r k e r s  [7, 8], and Ur ie l  and co-  
w o r k e r s  [9] have shown that the blood of an imals  and man with hepatocel lu lar  ca r c inoma  of the l iver  con-  
tains a specif ic  embryonic  a -g lobu l in  (a F-globulin).  This  prote in  can be used as  an indicator  of the p r e s -  
ence of a mal ignant  tumor .  The gel-diffusion reac t ion  can be used to identify (~ F-globul in  in s e r a .  The sen-  
s i t ivi ty of prec ip i ta t ion  is such tha t a  F-globulin can be de te rmined  if its content is not l e s s  than 1-3 pg /ml .  

The wr i t e r s  have p rev ious ly  [4-6] suggested a method of aggrega te  hemagglut inat ion to de te rmine  the 
concentra t ion of ant igens.  This  method is ex t r eme ly  sensi t ive,  m o r e  than 10,000 t imes  m o r e  sens i t ive  than 
the prec ip i ta t ion  reac t ion .  The essence  of the method is that e ry th rocy te s  used to de te rmine  antigens by ag-  
glutination a r e  sens i t i zedby  antibodies p re l imina r i ly  incorpora ted  into th ree -d imens iona l  aggrega tes .  This  
enables  the act ive  cen te r s  of the antibodies to be  separa ted  in space  f rom the sur face  of the e ry th rocy te ,  
thus making the act ive  cen te r s  access ib le  to the antigen de te rminant  [4]. The use of this method to detect  

F-globul in  could r e s u l t  in a sharp  inc rease  in the sensi t ivi ty  of determinat ion,  and it  thus could be used 
as  a method for the much  ea r l i e r  diagnosis of human l iver  ca rc inoma ,  t e ra tob las toma ,  and other  t umo r s  
secre t ing  this pro te in  into the blood s t r eam.  

This  paper  gives the f i r s t  r e s u l t s  indicating that this method of aggrega te  hemagglut inat ion can be 
used, in principle,  to detect  a F-globul in  in ca se s  when it cannot be detected by the ord inary  methods .  

The monospeci f ic  an t i s e r a  used in the invest igat ion were  obtained by immunizing rabbi t s  with human 
embryonic  ~-globul in ,  i sola ted by e l ec t rophores i s  in po lyacry lamide  get, * injected into a lymph gland. 

To sens i t ize  the e ry thorcy tes ,  1 ml  of an 8~ suspension of washed formal in ized  e ry th rocy tes  in 1~ 
NaHCO 3 solution was t r ea t ed  with a f resh ly  p r epa red  cold (4 ~ solution of a s table  te t razonium sa l t  (a 4~c 
solution of diaminodiphenylamine t e t r azo ta te  was used in the fo rm of the substance "Diazol Black S," 
batch No. 7 dated 1964). After  s t i r r ing  for  30 sec, the res idue  was washed twice v:ith cold 0.1 M ace ta te  
buffer  solution, pH 4, in volumes  of 8-10 ml,  and once with cold 0.85% NaC1 solution, pH 4-5. The res idue  
of e ry th rocy tes ,  washed to r e m o v e  unfixed te t razo ta te ,  was t r ea ted  with 1 ml  of a solution of prev ious ly  ag-  
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TABLE 1. Detect ion of a F - G l o b u l i n  in Serum 
of Pa t ien t s  with Hepatomas  and Cer t a in  Other  
Types  of Human Cancer ,  in Pregnant  Women 
and Heal thy Donors  
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grega ted  pro te ins  of a spec i f ic  a F - a n t i s e r u m  in 2~c 
NaHCO 3 solution,  and the m i x t u r e  was incubated for  
s e v e r a l  hours  at  37 ~ a f te r  which a suspens ion  of sen-  
s i t i zed  e r y t h r oc y t e s  of the r e q u i r e d  concen t ra t ion  
was p r epa red .  

To obtain soluble aggrega te s ,  an t i s e rum pro- 
te ins  were  a lso  t r e a t e d  with d iaminodiphenylamine  
t e t r a z o t a t e  in a dose one - th i rd  l e s s  than that  p ro -  
ducing opa lescence  or  forming a g e l - l i k e  clot .  This  
dose can be de t e rmined  by a f i l t r a t ion  t e s t  on c h r o m a -  
tographic  paper  or  by the v i scos i ty  o r  tu rb id i ty  of 
the solut ion of immune globuIins [6]. The dose for  
a g g r e g a t i o n o f t h e  an t i se rum pro te ins  by g lu ta ra ldehyde  
was chosen in the same  way. Aggrega te  hemaglu t i -  
nation is  c a r r i e d  out on o r d i n a r y  agglut inat ion p la tes  
or  in a m i c r o t i t r a t o r  in sa l t  solut ion with 0.1-0.2~c 
norma l  lyophi l ized  r abb i t  s e rum,  in which 1:20 di lu-  
t ions of the t es t  s e r a  were  made  up. The pa t i en t s '  
s e r a  were  not exhausted with e r y t h r o c y t e s  and were  
used  in the r eac t i on  in di lut ions s t a r t ing  f rom 1:20. 
Af ter  addi t ion of 0.025-0.05 m l  of suspens ions  of 
s ens i t i z ed  e r y t h r oc y t e s  and incubat ion at  room t e m -  
p e r a t u r e  or  a t37  ~ r e s u l t s  were  r e c o r d e d .  In a pos i -  
t ive r e a c t i o n  the bottom of the welt  was cove red  by 
e r y t h r oc y t e s ,  and in a negat ive r eac t i on  the e r y t h r o -  
cy tes  fo rmed  a pinpoint o r  c i r c u l a r  r e s i d u e  in the 
cen te r  of the f loor  of the well .  

Two bifunct ional  a g e n t s - t h e  s tab le  t e t razonium 
sa l t  (d iaminodiphenylamine te t razota te )  and g lu t a r a l -  

d e h y d e - w e r e  both found to be su i tab le  for  product ion of 3 -d imens iona l  agg rega t e s  for  sens i t i z ing  e r y t h r o -  
cy tes  in the c~ F - g l o b u l i n - r a b b i t  c~ F - a n t i s e r u m  sys tem tes ted  in this  inves t igat ion.  Both these  r eagen t s  
were  pe r f ec t ly  su i tab le  for  use  in the agg rega t e  hemagglut ina t ion  tes t .  

The f i r s t  r e s u l t s  of inves t iga t ion  of s e r a  f rom pat ients  with va r ious  Wpes of cancer  by this  method 
a r e  given below. In a s e r i e s  of expe r imen t s  a pos i t ive  aggrega te  hemaglut ina t ion  r e a c t i o n  was obtained for  
s e v e r a l  "negat ive hepa tomas , "  i .e . ,  embryonic  c~-globulin could be found in pa t ien ts  giving negat ive  r e s u l t s  
by the p rec ip i t a t i on  method.* 

"Negat ive" hepa tomas  we re  t r a n s f e r r e d  to the "pos i t ive"  c l a s s  if the aggrega te  hemagglut inat ion 
method was used for the i r  de t e rmina t ion  (Table 1), although some "negat ive"  hepa tomas  did not give pos i -  
t ive r e ac t i ons .  The r e a s o n  for  th is  may  be e i ther  absence  of syn thes i s  o r  of c~ F-g lobu l in ,  o r  because  the 
content of a F -g lobu l in  was ve ry  low. In the l a t t e r  case ,  a fur ther  i n c r e a s e  in sens i t iv i ty  of de te rmina t ion  
in the agg rega t e  hemagglut ina t ion  t e s t  could lead  to the t r a n s f e r  of these  hepa tomas  a lso  into the ~posi t ive" 
c l a s s .  F u r t h e r  work in th is  d i r ec t ion  i s  p roceeding .  

Embryon ic  c~-globulin s o m e t i m e s  a p p e a r s  in the blood in the p r e s e n c e  of o ther  types  of tumor  [3]. It 
was  found in the s e r a  of pat ients  with chor ionep i the l ioma  giving a negat ive  p rec ip i t a t ion  tes t .  In one case  
of t e r a t o b l a s t o m a ,  the p rec ip i t a t i on  r e a c t i o n  was a s s e s s e d  as  weak (~). The t i t e r  in the agglut inat ion r e -  
ac t ion  was m o r e  than 1:40. 

Because  of the v e r y  high sens i t iv i ty  of the agg rega t e  hemagglut inat ion r e a c t i o n  embryonic  a - g l o b u l i n  
could be de tec ted  in the se rum of pregnant  women although i t  was absen t  in dono r s '  blood. Th is  mus t  be  
taken into account  in the ea r ly  d iagnos is  of these  types  of cancer  in c l in ica l  p r ac t i ce .  

* Thanks a r e  e x p r e s s e d  to S. D. Pe rova  and A. I. Khazanov for  providing the s e r i e s  of pa t i en t s '  s e r a t e s t e d  
for  absence  of a F -g lobu l in  in the aga r  diffusion r eac t ion .  
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The resul ts  described thus show that the early diagnosis of pr imary carcinoma of the human liver and 
of certain other tumors is possible by the aggregate hemaglutination method. Probably this method may also 
be found suitable for the diagnosis of certain other tumors secreting other antigens (toxohormone, antigen 
in carcinoma of the stomach, etc.), and also to verify the effectiveness of treatment. 
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