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ABSTRACT 

We have demonstrated 3 variants of human alpha- 
. . 

fetoproteiri (HAFP) by crossed immuno~lectrophoresis , 

and have correlated the capacity of HAFP i so la tes  t o  
. . 

suppress ,human lymphocyt6. transforn~ation i n  v i  t r o  

w i t h  the re la t ive  proportion of the electronegative 
. . 

variant,  HAFP-3, present i n  each i so la te .  We have 

now isolated HAFP from the serum, a s c i t i c  f lu id ,  and 

sal-ine extract  of tumor from a single hepatoma 

pat ient ,  and from an homogenate of f e t a l  l i ve r s .  

when tested f o r  t h e i r  capacity t o  inhib i t  human 

. lymphocyte trarisformation in v i t ro ,  tumor and fe ta l  
. . 

1 iver  HAFP were found to  be extremely potent; serum . ' 

. . HAFP had intermediate potency, and a s c i t i c  f lu id  

HAFP .. was . the l eas t  potent. 

Analysis of these HAFP is01 ates  by crossed . ' 

~immunoelectrophoresi s confirmed the correlation 

between the proportion of HAFP-3 and the immuno- 

suppressive potency of each is01 ate .  In addition, 

analysis, of these HAFP is01 ates  by i soe lec t r i c  

focusing in polyacrylamide gels contain'ing 8 F4 urea 

revealed fur ther  evidence of mi croheterogenei ty ;  a t  

l eas t  6 molecular variants were apparent. The pro- 

portion of . one . of these variants,  termed HAFP-3a, in 

each i so la t e  was correlated with the imm~nosuppressive 



potency o f  the i so l a te .  The s i a l i c  ac i d  content o f  . . 

t he  various HAFP i so l a tes  d i d  no t  vary s i g n i f i c a n t l y .  

Our data suggest t h a t  a post -synthet ic  modi- 

f i c a t i o n  o f  HAFP occurs, which modulates i t s  immuno- 

suppressive potency. 

Send proofs and r e p r i n t s  t o  Stanley Yachnin, M.D. 

The Frank1 i n  McLean Memorial Research I n s t i t u t e ,  

950 East 59th St reet ,  Chicago, I L  60637 USA. 



Human alpha f e top ro te i n  (HAFP) i s  capable o f  

suppressing t h e  response o f  human lymphocytes in 
v i t r o  t o  .a  v a r i e t y  of mitogenic s t i m u l i  (4) .  HAFP 

i so l a tes  from various fe ta l  and adu l t  human sources 

. . 
vary over 3 orders of magnitude i n  t h e i r  immuno- 

suppressive potency independent o f  t h e i r  s i a l i c  a c i d  

content (6) .  We have prev ious ly  character ized HAFP 

mi croheterogenei ty  by crossed immunoel ectrophoresi  s 

i n  agarose gels, and have demonstrated t h a t  HAFP 

consists o f  3 e l ec t r opho re t i ca l l y  d i s t i n c t  species 

which we have designated HAFP-1 the  most e l ec t r o -  

pos i t i ve ,  HAFP-2, and HAFP-3, the most e l ec t r o -  

negative. We have shown t h a t  t o t a l  d e s i a l y l a t i o n  o f  

HAFP changes, b u t  does no t  abo l ish  HAFP micro- 

heterogenei ty , demonstrating t h a t  there  i s  a va r ia -  

t i o n  of a charged moiety o the r  than s i a l i c  a c i d  on 

the inolecule. I n  add i t i on ,  t o t a l  removal o f  HAFP 

s i a l i c  a c i d  does no t  i n t e r f e r e  w i t h  i t s  immuno- 

suppressive potency. We have a lso  shown that '  the 

r e l a t i v e  p ropo r t i on  o f  the most e lec t ronegat ive  form 

. o f  HAFP, HAFP-3, i n  an i nd i v i dua l  i s o l a t e  co r re la tes  
. . 

w i t h  i t s  immunosuppressive potency (2) .  

We now repo r t  on the microheterogeneity and. 

immunosuppressive potency o f  HAFP i s o l a t e d  from, the 



serum, a s c i t i c  f lu id ,  and tumor of a single patient 

(Od. ) dying of ma1 ignant hepatoma. . dnalysis of the 
. '. 

variation . in the HAFP isolated from these three I 

sources suggests tha t  a post-synthetic biochemical 

modification of the protein occurs which decreases 

i t s  immunosuppressive potency. The micro- 

heterogeneity of HAFP has been fur ther  characterized 

by i soe lec t r ic  focusing in polyacrylamide gel i n  the 

presence of 8 M urea (3).  By t h i s  technique we have 

found tha t  the. proportion of a par t icular  i soe lec t r i c  

variant,  termed HAFP-3a, corre1,ates w i t h  the immuno-. 

suppressive potency of a given preparation of HAFP . 

from patient Od., and from fe t a l  l i ve r .  

HAFP was isolated from serum, a s c i t i c  f lu id ,  or  

sal ine tissue'homogenates by passage over an ant i -  

,HAFP a f f i n i t y  col umn. Impurities were removed by 

subsequent column chromatog\-aphy over an anti-human 

serum protein a f f in i ty  column and Sephsdex 61 50. 
. . .  

(2,4,5,6). All HAFP preparations were pure as judged 

by immunoelectrophoresi s ,  and polyacryl.ami de gel 

electrophoresis. For analytic i soe lec t r i c  focusing 

5% polyacrylamide gels s labs containing 8 M urea and 

ampholytes with a pH range of 5-7 were employed. 

Gels were stained with Coomassie Blue and scanned a t  



I ' 

540 nm w i t h  a l inear  transport  chromatogram spectro- 
. . 

photometer. 

The 'immunosuppressive potencies of HAFP i so- . . 

-1ated from the a s c i t i c  f luid, .  serum, and tumor 
. .  . 

homogenate of patient O d .  a re  shown in Table I .  

Fetal l i v e r  and tumor homogenate HAFP were extremely 

potent, whereas high doses of a s c i t i c  f lu id  HAFP were 

I . ,  

required for  inhibition of lymphocyte transformation; 

I serum HAFP was of intermediate potency. ' The s i a l i c  

acid content of a l l  four HAFP preparations were 

similar.  

Crossed immunoelectrophoresi s of i sol ated 

a s c i t i c  f l  ui d HAFP revealed 3 molecular species 

I - (Figure 1 )  as previously described. Serum HAFP con- 

tained re la t ive ly  more HAFP-3, and l e s s  HAFP-1 than 

did a s c i t i c  f lu id  HAFP. Tumor and fe ta l  l i v e r  HAFP 

were nearly identical i n  t h a t  v i r tua l ly  no HAFP-1 was 

present, and HAFP-3. predominated. The re1 at ive '. 

' . 

content of HAFP-3 i n  each preparation may be cor- 

re1 ated w i t h  immunosuppressive potency (Table I ) .  

Isoelectr ic  focusing in polyacryl ami de gel con- 

taining 8 M urea revealed the  microheterogeneity of 

human HAFP i n  greater detai l  (Figure 2 ) .  Six major 

1 . . isoel ec t r i  c variants could be discerned over a pH 



. . 

range of 6.0-6.2; these are  termed HAFP-la, the most 
, .. 

electroposi t ive,  HAFP-2a, HAFP-2b, HAFP-3a, HAFP-3b, 
. . 

and HAFP-3c, t he  most electronegative. The imrnuno- 

suppressive potency of each HAFP preparation cor- 

re la tes  w i t h  t he  re la t ive  content of HAFP-3a i n  each . . 

preparation ' ( ~ i  gure 3). 

In order to, verify t h a t  each protein band seen 

in i soe lec t r l c  focusing was, in f a c t ,  an HAFP 

var iant ,  we analyzed. rep1 i ca t e  acrylami de gel s l i c e s  

following i soe lec t r i c  focusing by crossed immuno- 

electrophoresis into anti-HAFP containing agarose ge.1 

(Figure 4.). ' Reproduci b1.e patterns of HAFP composi - . . . 

t ion were thus obtained which closely resemble the 

.. spectrophotometric scans of the Coomassie Blue stained 

i soe lec t r i c  focusing gels f o r  each HAFP preparation. 

Total desialylation of a l l  four HAFP prepara- 

t ions a l t e r s  the i soe lec t r i c  focusing bands but 

resu l t s  i n  l i t t l e  o r  no reduction i n  t h e i r  number 

(Figure 5 ) .  Thus i t  appears f.rom our i soe lec t r ic  

focusing resu l t s  with native and desialylated HAFP 

:, (dsHAFP) t h a t ,  apart from s i a l  i c  acid content, there 

may be mu1 t i p l e  biochemical bases fo r  HAFP micro- 
. . 

heterogeneity. Based on our knowledge of the rela- 

t i v e  proportions of HAFP i soe lec t r i c  variants i n  each 
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I 
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i so l a t e ,  i t  appears tha t  ~ S H A F P - l b  i s  the desialylated 

derivative of native HAFP-3a, and as such represents 

a potent immunosuppressive form of desi a lyl  ated HAFP 

preparations . . . 

O u r  data suggest that  HAFP i s  i n i t i a l l y  syn- 
. . thesized i n  a re la t ive ly  electronegative form with a 

large proportion of H'AFP-3 as is  seen i n  both the 

tumor and fe ta l  1 iver  HAFP i so la tes .  Subsequently, 

small amounts of HAFP-1 are  seen in the serum. As 

HAFP passes in to  the extravascular compartment 

I ( a s c i t i c  f lu id )  the re la t ive  quantity of HAFP-1 

I 

I increases, and that  of HAFP-3 decreases. As these 

. . changes i n  the electrophoretic variants of HAFP occur, 

.. there i s  a simultaneous loss  of HAFP-3a, so t h a t  

a s c i t i c  f l u i d '  is  almost devoid of t h i s  i soe lec t r ic  
! 
. . 

. v a r i a n t .  ' Two explanations f o r  this progressive s h i f t  

from e lec t ronegat ive to  electroposi t ive species are  

possible: ( a )  a post-synthetic, probably post 

secretory, biochemical modi f i  cat i  on of the molecule . . 

may occur, or  ( b ) ,  the various HAFP species may.have 

I differ ing catabol i c  rates .  Various theoretical and 

experimental considerations lead us to  favor '  the 

former hypothesis (1) .  T h u s  we be1 ieve tha t  HAFP 
. . 

. . 

undergoes a biochemical modification fo1 lowing i t s  



synthesis and secretion, which converts the molecule 

from an electronegative t o  an electroposi t ive 

I species. We pos tu la te  tha t  this conversion modulates 

the  immunosuppressive potency of the HAFP molecule. 
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FIG. 1. ' Crossed immunoelectrophoretic patterns of HAFP 

isolates .  The crossed immunoelectrophoretic pattern of 

HAFP isolated from Od. a s c i t i c  f lu id  (top) reveals three 
. . 

.species, a cathodal HAFP-1, an intermediate HAFP-2, and 
. . 

an anodal HAFP-3. There i s  more HAFP-3 and. less  HAFP-1 

i n  the Od. serum isolate .  The Od. tumor and fetal  l i v e r  

HAFP lack HAFP-1 and have a high proportion of HAFP-3. 

FIG. 2. Isoelectr ic  focusing of HAFP i n  a polyacrylamide 

gel i n  the presence of 8 M :urea. The pH range of the 
. .  . 

ampholytes used was 5-7. The photographic inse t  (top) 

reveals the s i x  molecular species of HAFP: HAFP-la, the 

most electropositive; HAFP-2a, HAFP-2b, HAFP-3a, HAFP-3b, 

and HAFP-3c, the most electronegative. Od. tumor and 

fe ta l  , 1 i ver HAFP contain proportionately more HAFP-3a 

than do Od. a s c i t i c  f lu id  o r  Od. serum HAFP. The pH 

gradient across the gel,  as measured w i t h  a surface pH 

electrode, i s  displayed on the bottom. A sample of human 

serum albumin is  included in the gel for  comparison; no 

impurities are  seen in the HAFP isolates .  The anode is 

to the r ight .  



FIG. 3. Correlation of immunos uppressi ve potency of 

various HAFP i so la tes  with t h e i r  proportion of HAFP-3a. 

The immunosuppressive potency is plotted on the vert ical  

logarithmic axis as the  dose of HAFP required to produce' 

a 50% inhibition of lymphocyte transformation (IHDSO). . . 

. . 

The relat ive proportion of HAFP-'3a (% HAFP-3a) i n  each 

i so la te  i s  plotted on the l inear  horizontal axis. 

FIG. 4. The molecular species of HAFP as revealed by 

i soe lec t r i c  focusing. The sol id  1 ines represent the 

.spectrophotometric scans, a t  540 n m ,  of electrofocused 

samples of HAFP i n  polyacrylamide gels containing 8 M 

urea. Beneath each of these i s  displayed the resul t  

of crossed immunoelectroplioresis of the electrofocused 

HAFP sample, as well as a repl icate  of the original 

electrofocused sample reproduced to  approximately the 

same scale.  Each band of focused protein i s  shown t o  

be' HAFP and i ts  re la t ive  proportion in each i so la te  

may be quantitated as the area under i t s  peak in the 

s.pectrophotometric scan. 

FIG. 5. A comparison of the i soe lec t r ic  focusing patterns 

of native and desialyl ated (ds) HAFP prepariitions. . ' 
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