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Pur i f ied  spec imens  of a - f e top ro t e in s  isolated f rom the s e r a  of two human fe tuses  and three  
pat ients  with p r i m a r y  ca rc inoma of the l iver  were  compared  by the agar  diffusion, immuno-  
e l ec t rophores i s ,  and radia l  e l ec t rophores i s  in po lyacry lamide  gel .  The spec imens  were  
identical  in thei r  antigenic p rope r t i e s  and differed only sl ightly in thei r  e lec t rophore t ic  m o -  
bili ty in aga r  and po lyac ry lamide  gels .  

a - F e t o p r o t e i n s  (a f )  a r e  p resen t  in the s e r a  of human and animal  fetuses  [2, 14, 15, 18]. The syn the-  

s is  of this protein stops soon a f te r  bir th ,  and no a f  can be found in the adult s e r u m  [3]. Synthesis of a f  is 

renewed when l ive r  cel ls  undergo malignant  change, and this protein is found in the blood s e r u m .  This phe-  
nomenon was d i scovered  in 1963 in mice  [1], and l a te r  in other  animals  and man [4, 5, 11, 16]. 

The a f  of embryonic  s e r u m  and a f  synthes ized by tumors  of the l ive r  cannot be dist inguished by the 

aga r  diffusion tes t  [4, t0 ,  11]. However,  this does not rule  out the poss ibi l i ty  of slight d i f ferences  between 
the phys icochemica l  p rope r t i e s  or  antigenic s t ruc tu re  of a f  produced by the embryonic  l ive r  and that p r o -  

duced by l iver  t u m or s .  To a sce r t a in  if such d i f ferences  r ea l ly  exist ,  individual spec imens  of a f  f rom 

fetal  s e r a  and f rom individual patients  with p r i m a r y  ca rc inoma of the l iver  must  be compa red  in detail .  

In the investigation descr ibed  below a compara t ive  analys is  was made of individual purif ied spec i -  
mens of (~f f rom fetal s e r a  and f rom patients with p r i m a r y  ca rc inoma of the l iver  using immunochemica l  

and phys icochemica l  methods .  

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

The or iginal  m a t e r i a l  for obtaining the individual spec imens  consis ted of s e r a  of 2 human fetuses  
(14th and 24th weeks of pregnancy) and the s e r a  of 3 pat ients  with p r i m a r y  ca rc inoma  of the l iver  kindly 
provided by P r o f e s s o r  Masse ive  and Dr.  Leblanc (Universi ty  of Dakar) .  The spec imens  of a f  were  ob-  

tained f rom 5 ml  of each sample  of s e r u m  by p repa ra t i ve  e l ec t rophores i s  in po lyac ry lamide  gel as de-  
s c r ibed  p rev ious ly  [7, 8]. After  each stage of purif icat ion the ~ f  eluates were  concentra ted  at 4~ for  12- 

14 h with polyethylene glycol (M 40,000) at the ra te  of 1 g per  8 ml of fluid to be concentra ted.  The final 
spec imen was dialyzed against  dis t i l led wa te r  for  2-3 days at 4~ and then lyophil ized.  

Pure  spec imens  of individual a f  isolated f rom human fetal  s e r a  were  designated a f l  r and a f24, and 

the corresponding spec imens  f rom the pa t ien ts '  s e r a  af224, af2~5, and af237. 
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Monospecif ic  an t i se ra  were  obtained by inoculating rabbi ts  into a lymph gland with the pure  spec imen 
of ~ f  obtained f rom a mix tu re  of s e r a  of s eve ra l  human fetuses  and with the specimen of (~f235 [9]. 

The a f  spec imens  were  compa red  by the agar  diffusion tes t  [6], and their  re la t ive  e lec t rophore t ic  

mobi l i t ies  were  de te rmined  by immunoe lec t rophores i s  in agar  [12] and by analyt ical  radia l  e l ec t rophore -  
s is  in po lyac ry lamide  gel [8]. The zero point for  determinat ion of rea l t ive  mobil i ty  in aga r  was taken as 
the cathode edge of the ~-globulin a r c  of human s e rum,  corresponding to the position of the pyronine af ter  
e l ec t ropho re s i s .  The dis tance f rom the zero  point to the centers  of the antigen a rcs  was m e a s u r e d .  The 
dis tance f rom the zero point to the center  of the human albumin (DA) a r c  was taken as unity. The re la t ive  
mobi l i ty  was defined as the ra t io  Daf/D A. The distance Dc~f f rom the upper par t  of the finely porous gel 
to the lower  edge of the zone of the gubstance,  and the rat io  between Doff of the patients  and Doff of the fe -  
tuses  was de te rmined .  

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

The resu l t s  of a tes t  to compare  individual spec imens  of o~f with the aid of an t i s e rum against  fetal 
af are  shown in Fig.  l a .  All the spec imens  were  identical  with each other  and with the antigen of the tes t  
s y s t e m .  Thei r  identity was also indicated by tes ts  in which the s ame  an t i se rum was exhausted by individu- 
al spec imens  of o~f~ After  exhaustion with spec imens  of both o~fl 4 and 0~f224 , the an t i s e rum no longer  r e -  
acted with the antigen of the tes t  s y s t e m  or  with any of the individual e~f spec imens  (Fig. lb) .  

It could be postula ted that d i f ferences  between the antigenic s t ruc tu re  of the v~f spec imens  t e s t edwouldbe  
de tec tedby  an t i s e rum against  0~f235. However ,  no di f ferences  were  foundbetween them by the use of this an t i se-  
ruin also. 

Comparison of the electrophoretic mobility of the individual antigens in agar in one particular test 
revealed slight differences. Specimens of fetal o~f had equal relative electrophoretic mobility, namely 
0.95. The electrophoretic mobility of o~f from patients with carcinoma of the liver also was equal (0.88), 
but was 7% lower than the relative mobility of human fetal wf (Fig. 2). Analogous results were obtained in 

the 2 tests carried out. The difference between the electrophoretic mobility possibly indicates a difference 
in the charge on the ~f molecule of the patients and that on the fetal af molecules. 

With these results in mind, it was decided to compare the ~f specimens by radial electrophoresis in 
polyacrylamide gel, for in this method fractionation takes place in accordance with both charge and molecu- 
lar weight of the substances. 

The results of radioelectrophoresis (Fig. 3a-e) showed that the mobility of ~f specimens from pa- 
tients with carcinoma of the liver was 0.96 if the fetal mobility was taken as I. The very slight difference 
in length of the path of ~f. from sera of the patients and fetuses was probably due to differences in the con- 
centrations of these speclmens. A mixture of all o~f specimens also migrated as a single homogeneous 
zone during electrophoresis in polyacrylamide gel (Fig. 3f). By this method, no significant differences 

Fig. i. Reaction of identity of individual ~f specimens. 
Central wells: a) antiserum against human embryonic 
c~f, b) same antiserum exhausted with ~fi4; peripheral 
wells: i, 4) human fetal serum (antigen of test system), 

2, 3, 5, 6) af235, 0~f237 , c~fl4, and c~f24 respec t ive ly .  
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Fig. 2. Compar ison  of e lec t rophore t ic  
mobi l i t ies  of individual a f  s amples  by 
immunoe lec t rophore s i s .  Wells  contain: 
1) s e r u m  of pat ient  235; 2, 3, 8) af24; 
4, 5, 6, 7) ~fld, 0zf237, ~f235, and c~f224 
re spec t ive ly .  Top gu t te r  contains m i x -  
ture  o f a n t i s e r a  against  adult human s e -  
rum prote ins  and human embryonic  ~ f  
(1 : 4). Remaining gu t te r s  contain ant i -  
s e r u m  against  embryonic  o~f. 

Fig. 3. Comparison of electro- 
phoretic mobilities of individual 
o~f specimens by radial electro- 
phoresis in polyacrylamide gel. 

a, b, c, d, e) a f24, OZfl4, 0~f224 , 
af235 , and af237 respec t ive ly ;  
f) mix tu re  o~ all these  p ro te ins .  

were  thus found in the e lec t rophore t ic  mobi l i t ies  of these p ro te ins .  The poss ib i l i ty  is not ru led  out that 
d i f fe rences  could be found if l a rge  numbers  of individual a f  spec imens  were  studied, for  an e l ec t rophore t -  
ic fo rm of "slow" a f  has been found in 1 of 150 tes ted  s e r a  of patients  with p r i m a r y  ca rc inoma  of the l iver  
by e l ec t rophores i s  in s t a r ch  gel [17]. 

It can be concluded f rom these  resu l t s  that o~f f rom human fetuses  and f rom pat ients  with hepa tomas  
a r e  identical  in the i r  antigenic p rope r t i e s  but diffei~ in thei r  e lec t rophore t ic  mobil i ty .  The di f ferences  b e -  
tween the e lec t rophore t i c  mobi l i t ies  of these  patients  a re  m o r e  m a r k e d  during e l ec t rophores i s  in agar  
than by the use of po lyac ry lamide  gel .  

Determina t ion  of the amino-ac id  composit ion,  the molecu la r  weight, and o ther  phys icochemica t  p rop -  
e r t i es  of these  subs tances  is essen t ia l  before  final conclusions can be drawn regarding  the identity or  dif- 
f e rence  between a f  spec imens  synthes ized under no rma l  and pathological  conditions. 

This work  was par t ly  subsidized by the Internat ional  Agency for the Study of Cancer .  
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