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Cr os s - r eac t i ons  between human and animal ~-fe toproteins  (o~-FP) were studied in the a g a r  
diffusion Lest with ant isera  obtained by immunizing rabbits with purified o~-FP by injection 
into a lymph gland. The ant isera  used revealed spec ies -spec i f ic  determinants  in homologous 
~ - F P  and c r o s s - r e a c t i n g  determinants  in heterologous ~ - F P .  It was shown that antibodies 
against  spec ies-spec i f ic  and c r o s s - r e a c t i n g  ~ - F P  determinants  can be isolated. 

Among the proteins present  in the embryonic se ra  of animals and man, ~-fe toprote in  (~-FP)  is one 
of the most  interest ing.  This protein appears in the blood of animals with p r imary  and transplanted hep- 
a tomas,  and in the blood of patients with hepatocellular  ca rc inoma and tera toblas tomas  [4]. It is important  
to have methods of identifying vz-FP among the other embryonic se rum proteins of animals belonging to 
different species .  One such method is the determination of immunological  s imi la r i ty  between ~ - F P  of dif- 
ferent  origins.  Immunodiffusion methods have revealed common antigenic determinants  in the ~ - F P  of mice 
and ra ts  [2, 8] and in ~ - F P  f rom man, monkeys,  dogs, pigs, cats ,  sheep, and armadi l loes  [9, 11, 12]. C r o s s -  
react ions  between ~ - F P  of man, mice,  and ra t s  have not been detected by di rec t  immunochemical  methods 
[9, 11, 12]. The s imi la r i ty  between them has been demonstra ted only by immunoautoradiography [3]. 

In the present  investigation c r o s s - r e a c t i o n s  were  studied between oz-FP of man, mice,  ra ts ,  and cows 
by the agar-dif fusion test  using rabbit  an t i sera  [7] with a high content of antibodies against human, mouse,  
and rat ~-FP. 

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

The following se ra  were used to compare  to ot-FP: human fetal se rum (HFS), neonatal mouse se rum 
(NMS), neonatal ra t  s e rum (NRS), and bovine fetal se rum (BFS). 

Ant isera  against  human (an t i - a -HFP) ,  mouse (an t i - a -MFP) ,  and rat  ( an t i - a -RFP)  a - F P  were ob- 
tained by immunizing rabbits with purified preparat ions of a / -FP [6] injected into a lymph gland by the 
scheme descr ibed previously [7]. The ve ry  small  quantities of antibodies against impuri t ies  were ab-  
sorbed by adult se rum of the cor responding  species.  The a n t i - a - F P  used, when tested with homologous 
fetal or neonatal sera ,  revealed only one antigen identical with the purified a - F P .  

Antibodies against  c r o s s - r e a c t i n g  and species-speci f ic  determinants  of mouse a - F P  were obtained 
f rom the a n t i - a - M F P  by means of NMS and RMS polymerized with glutaraldehyde by the method of Avra -  
meas and Ternynck [10]. The absorbents  were prepared f rom 1 ml NMS and 1 ml RMS. Antibodies were 
isolated f rom 1 ml ant i -a , -MFP.  For  this purpose,  4 ml of a n t i - a - M F P  in a dilution of 1 : 4 was t reated 
initially with absorbent  f rom RMS for  60 rain at room tempera ture .  The ant iserum was removed by cen-  
trifugation at 2000 rpm, af ter  which the absorbent  was careful ly  washed free from serum and the fixed an- 
tibodies against c r o s s - r e a c t i n g  determinants  were removed with 4 ml glycine-HC1 buffer,  pH 2.8, to give 
eluate I (EL. I). After  t rea tment  with absorbent  f rom NRS, the a n t i - a - M F P  did not reac t  in the diffusion 
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TABLE 1. Composition of Mixture of 
Antigens Used to Detect C r o s s -  
Reactions of ce-FP of Different Species 

Mixture of antigen* 
Antiserum 

NMS ] N R S ]  H F S I B F S  

Anti-(~-MFB 1/15 11/15 I 1/5 ] - 

Anti- -RFP 1/20 ]1 /10 I 1/10 I - 
A n t i - ~ - H F P  1/20 11/20 [ 1/5 [ 1/10 

*Numbers denote final dilution of c o m -  
ponents in mixture corresponding to 
equivalent proport ions of ol-FP of each 
species of antiserum preliminarily de- 
termined by titration in the agar-dif- 
fusion test.  

Fig. 1. Cross - sec t ions  of human,mouse ,  
rat ,  and bovine a - F P .  NMS, NRS, HFS, 
BFS} neonatal mouse and ra t  se ra ,  human 
and bovine fetal, respect ively.  1) Mix- 
ture of NMR, NRS, and HFS; 2) mixture 
of NMS, NRS, HFS, and BFS; 3) physio-  
logical saline. Ant isera  against  ~ - F P i n  
centra l  wells: a ) m o u s e ;  b ) r a t ;  c, d )  
human. 

test with NRS, indicating complete absorption of the c r o s s -  
react ing antibodies. The same ant iserum was then t reated 
with absorbent  f rom NMS and 4 ml of eluate of antibodies 
against  species-speci f ic  determinants of a - M F P  was ob- 
tained (EL. II). The eluates were neutral ized with Na2CO 3 
and diffusion tested for  the presence of antibodies against 
NRS and NMS. The agar  diffusion test  was ca r r i ed  out in 
the micromodif icat ion of Gusev and Tsvetkov [5]. 

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

The a n t i - ~ - F P  tested in the agar  diffusion test  with 
NMS, NRS, HFS, and BFS reacted not only with homologous, 
but also with heterologous antigens. To compare  human, 
mouse,  ra t ,  and bovine ~ - F P  f rom each of the an t i se ra  ob- 
tained, a mixture of NMS, NRS, HFS, and BFS was prepared 
in such a way that the a - F P  of each species was present  in 
the mixture in optimal dilution for  the par t icular  ant iserum.  
The composit ions of the mixture of se ra  are  given in Table 
1 and their  react ions in agar  with the var ious  ant isera  a re  
given in Fig. 1. 

The diffusion test  as performed in this way revealed 
three types of interaction between the heterologous antigens 
and the same ant iserum simultaneously:  react ions of iden- 
tity, of part ial  identity, and of nonidentity. As Fig. la  shows, 
each antigen of the mixture formed its own precipitation 
line with the anti-~-IvIFP,  as shown by the reaction of c o m -  
plete identity of each of the ~ - F P s  composing the mixture 
and the homologous o~-FP in the separate  well. Par t ia l  iden- 
tity of the mouse,  rat ,  and human ~ - F P  follows f rom the fact 
that the precipitation lines formed by ~ - R F P  and ~ - H F P  
with a n t i - ~ - M F P  merged into the precipitation line formed 
by ~ - M F P  and the homologous ant iserum.  The "spur" thus 
formed in this test  curved toward the well with ant iserum 
and merged with the precipitation line formed by ~ - M F P  in 
the mixture.  A s imi la r  picture of part ial  identity was ob- 
tained by compar ing  the diffusion react ion of human and rat 
a-FP with anti-a-MFP. Finally, the reaction Of nonidentity 
is illustrated in Fig. 1 by the precipitation lines formed by 
the a-MFP in the mixture and the anti-ot-MFP, which rest 
against the wells containing NRS and HFS. 

It is thus clear from Fig. la that anti-c~-MFP contains 
at least three types of antibodies: antibodies against the 
species-specific determinant of ot-MFP (AT1) , antibodies 
against the determinant common to both ce-RFP and a-MFP 

(AT2) , and antibodies against the determinant  common to ~ - M F P ,  ~ - R F P ,  and ~ - H F P  (AT3). A mixture of 
the three ~ - F P s  was made up so that each component reacted with antibodies of its own species :  a - M F P  
with AT 1, (~-RFP with AT2, and ~ - H F P  with ATn. Whereas  each of these (~-FPs reacted separa te ly  with 
anti-(~-MFP, the precipitate was formed somewhat differently: (~-MFP was precipit~.ted by AT l, AT 2, and 
ATn, (z-RFP by AT 2 and ATe, and r by AT 3. That is why the three  precipitat ion lines of the c~-FP 
mixture merged into the precipitation line formed by ~ - M F P  and a n t i - u - M F P ,  and the precipitat ion line 

formed by ~ - R F P  and anti-o~-MFP. 

Common antigenic determinants  in the molecules of rat ,  mouse,  and human ~ - F P ,  and also spec ies -  
specific determinants  of ~ - R F P  were a l so  found with a n t i - a - R F P  (Fig. lb). 

C ros s - r eac t i ons  of human, mouse,  ra t ,  and bovine o~-FP were studied with the aid of anti-o~-HFP. 
In this case  also (Fig. lc) common determinants  were found in the molecules of all four antigens. However, 

1296 



Fig. 2. Cross-exhaustion of antibodies against antigenic deter- 
minants common to both (~-MFP and ~-RFP. EL.I) Eluate of 
antibodies against antigenic determinant common to both ~-RFP 
and ~-MFP; EL.If) eluate of antibodies against species-speci- 
fic de te rminan t  of ~ - M F P ;  4, 5) a n t i s e r a  aga ins t  ~ - M F P  and 
o~-RFP, r e spec t i ve ly ;  6) an t i s e rum aga ins t  ~ - M F P  abso rbed  by 
NRS (1 volume ant i -oL-MFP + 1 volume NRS in dilut ion I : 60); 
7) a n t i s e r u m  aga ins t  ~ - R F P  abso rbed  by  NMS (1 volume an t i -o l -  
R F P  + 1 volume NMS in di lut ion 1 :60 ) .  

it is interesting to note that commonantigenic determinants were found particularly clearly with anti-s- 
HFP in human, mouse, and rat oz-FP, as shown by the complete merging of the precipitation lines formed 
by mouse and rat c~-FP with anti-ol-HFP (Fig. 1, c and d). This same antiserum detected both the anti- 
genic determinants common to mouse, rat, and human o~-FPs in the bovine v~-FP, and also other deter- 
minants common to bovine and human o~-FPs only. This is shown by the presence of a "spur" formed by 
the precipitation lines of NMS and NRS with this same antiserum (Fig. ld). 

Differences between the antigenic determinants were particularly clearly revealed when the agar- 
diffusion test was carried out by the method of double diffusion in two directions [1]. Comparison of the 
two test systems for rat and mouse c~-FP (Fig. 2a) revealed a reaction of partial identity. Each ~-FP 
reacted with both homologous and heterologous antisera. Precipitation with the heterologous antiserum 
took place because of the presence of antibodies against common determinants in the molecules of rat and 
mouse o~-FP. On the addition of an equivalent quantity of heterologous antigen to both anti-c~-RFP and 
anti-~-]VIFP, antibodies against the common determinants present in both antisera were exhausted and a 
reaction of the classical "cross ~ type (Fig. 2b) was obtained. 

The exhaustion experiments show that antibodies against common and species-specific determi- 
nants can be separated. The results of diffusion test using eluates of antibodies against common (EL. I) 
and species-specific determinants (EL. If) prepared from anti-o~-MFP are shown in Fig. 2c. It is clear 
that EL. I reacted with ~-MFP and ~-RFP by a reaction of complete identity, while EL. II contained anti- 
bodies only against the species-specific determinants of ~-MFP. 

EL. I contained antibodies only against antigenic determinants common to both~-MFP and ~-RFP, be- 
cause this eluate did not precipitate ~-HFP. Probably polymerization of NRS in the c~-RFP molecule 
leaves few free determinants common to human, rat, and mouse ~-FP. 

Rabbit antisera against ~-MFP and cz-RFP used in this investigation to establish the immunological 
kinship between mouse, rat, and human c~-FPs did not precipitate any of the other heterologous ~-FPs 
studied: cat, dog, guinea pig, bovine, or sheep.* However, it has been shown [12] that exhausted rabbit 
antisera against goat fetal serum and sheep antiserum against golden hamster fetal serum reacted with rat 
fetal serum. In order to obtain immune sera for the study of cross-reactions it is evidently better to im- 
munize animals belonging to a different order. 

The d i s c o v e r y  of d i r e c t  c r o s s  r eac t ions  between the o~-FPs of man and such an ima l s  as  mice  and r a t s  
is  p a r t i c u l a r l y  impor tan t ,  because  c a r c i n o m a  of the l ive r  is  usua l ly  s tudied under expe r imen ta l  condit ions 
in these  an ima l s .  
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