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"~ ABSTRACT .

We'hayé demonstrated 3 variants of human alpha-
fetoproteiﬁ (HAFP) by'crossed immunoélectrophorésis,'
énd have correlated the capacity of HAFP isolates to
sﬁppress'human 1ymphocyté.transfofmatiqn in vitro |
with the re]atiVe propoftion of the electronegative
' variant, HAFF-3; present in each isolate. We have
now isolated HAFP from the serum, ascjtic f]uid,Aand
saline extract‘of>tumor from a single hepatoma
patient, and ffom.an homogenate of fetal livers.

When tested for their capacity.to inhiEit human
1ymbhocyte transformation in vitho; tumor and fetal
Tiver HAFP were found to be extremely potenﬁ; serum .
HAFP had intermediate poteﬁcy, and ascfticvfluid

»' HAFP was the ‘least poteht. | '

| g Analysis pf these HAFP isd]ates by crossed
7immunoé1ectrophoresis confirhed the correlation
between the proportidﬁ of HAFP-3 and the immuno-
suﬁpressivé'potency of each isolate. In addition,
ana]ysis_of'these HAFP isolates by isoelectric
focusiné in po]yacry]amidé gels containﬁng 8 M ureé
revealed further evidence of microheterogeneity; at
least 6 molecular variants Were apparent. The pro-
portion of one'of these variants, termed HAFP—3a, in

each isolate was correlated with the immunosuppressive



' pdtency of the isolate. The sialic acid content of

the various HAFP isolates did not vary significantly.
Our data Suggest that a post-synthetic modi-

fication of HAFP occurs, which modulates its immuno-

suppressive potency.

'Send proofs and reprints to Stanley Yachnin, M.D.

The Franklin McLean Memorial Research Institute,

950 East 59th Street, Chicago, IL 60637 USA.
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Human a]bha fetoprotein (HAFP) is capab]é of
suppressing the}response of humaﬁ Tymphocytes in.
vitro to'a variety of mitogenic stimuli (4). HAFP
isolates from»Various fetal and adult human éourceé'
vary over 3 orders of magnitude in their immuno-

_ suppressive pofency independentlof their sialic acid
éqntent (6). We have previously characterized HAFP
microheterogeneity by crossed imﬁunoe]ectrophoresis
in agarose gels, and have demonstrated that HAFP
cbnsists of 3 e]ectfophoretica]]y distinct species
whfch we have designated HAFP-1 the most electro-
positive, HAFP-2, and HAFP-B, the most electro-
negative. We have shown that total desialylation of
HAFP Ehanges, but does not abolish HAFP micro-
heterogeneity, demqnstrating that there is a varia-.
tion o0f a charged moiety other than sialic acid on
thebmolecule. In addition, total removal of HAFR
sialic acid does not inferfere with its 1mmun6- '
suppressive potency. We have also shown that the -
re]atiVevproporfion df the most é]ectronegative form
of HAFP, HAFP-3, in an individual isolate correlates
with its immunosuppressive potency (2).

We now report on the microheterogeneity and.

immunosuppressive potency of HAFP isolated from the




serum, ascitic f]uid, and tumor 6f a single patient
(Od ) dying of malignant hepatoma Analysis of the
variation.in the HAFP 1so1ated from these three
sources suggests that a ppst-synthetic biochemical
modification of the protein occurs which décreases
its immunosuppressive potency. Tﬁe micro- |
heterogene1ty of HAFP has been further character1zed
by isoelectric focusing in po1yacry1am1de ge1 in the
presence of 8 M urea (3). By this technique we have
found that the proportion of a particﬁlar isoelectric

variant, termed HAFP-3a, correlates with the immuno-

- - suppressive potency of a given preparation of HAFP

~ from patient 0d , and from feta] liver.

HAFP was isolated from serum, ascitic fluid, or
saline tissue homogenates by passage over an anti- |
AHAFP affinity column. Impurities were removed by
subsequent cblumn chromatography over an anti-human
sefum pfotein afffnity column and Sephadex G150 _
(2,4,5,6). A1l HAFP preparations were pure as judged
By immhnoelectrophoresis, and polyacrylamide gel
e]ectrophoresié. For analytic isoelectric focusing
5% po]yaéry]amide gels slabs containing 8 M urea and
ampholytes with a pH range of 5-7 were employed.

Gels were stained with Coomassié Blue and scanned at
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540 nm wﬁth a linear trénsport chfométogram spectro-
- photometer. | |
Thefimmunosuppressive'potencfes of HAFP iso-
Tated from thé ascitic f]uid,-serum, and tumor
,homogéﬁaté'of patient 0d. are shown in Table I.
B FetaT 1iverland tuﬁor homogenate HAFP were extremely
.potent; whereas high doses of ascitic fluid HAFP were
required for inhibition of ]ymphocyte transformation;
serum HAFP was of intermediate potency. The sialic
| acfd content of'allvfour HAFP preparations were
similar. | -
Crossed immunoelectrophoresis of isolated .
ascitic fluid HAFP revealed 3 molecular species
"~ (Figure 1) as brevioﬂs]y descfibed.. Serum HAFP con- .
~ tained relatively more HAFP-3, and less HAFP—] than
" did ascitic fluid HAFP. Tumor and fetal liver HAFP
“were nearly identical in that virtually no HAFP-1 was
| present; and HAFP-3 predominated. The reiative"
‘_ content of HAFP-3 in'each preparation may be-cof— |
related with~immunosuppr¢ssive potency (Table I).
Isoelectric focusing in po]yacry]aﬁide gel éqn-
téfhing 8 M urea revealed the microheterogeneity of |
human HAFP in greater detail (Figure 2). Six major

jsoelectric variants could be discerned over a pH




range of 6.0-6.2; these are termed HAFP-la, the most
electropositive, HAFP-2a, HAFP-2b, HAFP-3a, HAFP-3b,
and HAFP43c,Athé most e]ectronégativé.' The‘immuno-
suppressive potency of each HAFP preparatioﬁ cor-
.:rélateé with the relative content of HAFP-3a in each
preparation'(Figuré 3). |
In order to verify that each protein band seen
in isoelectric focusing was, in fact, an HAFP
variant, we analyzed replicate acrylamide gel s]ices.
following isoelectric focusing by crbgsed immuno-
e1ectrophdresis into anti-HAFP céntaining agarose gel
(Figure 4).“Reproducib1é patterns of HAFP composi- -
tion weré thus obtained which closely resemble the
- spectrophotometric scans of the Coomassie Blue stained
isée]éctric focusing gels for each HAFP preparation.
A Total deéialyTation of all four HAFP prepara-
tions alters the isoelectric focdSing bands but |
- results in little or no reduﬁtion in their number
(Figure 5). Thus it appearsAfrom\our jsoelectric
focusing results with native and desialylated HAFP
(dsHAFP) that, apart from sialic acid content, there
may be multiple biochemical bases for HAFP micro-
heterogeneity. Based on our knowledge of the rela-

tive proportions of HAFP isoelectric variants in each
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isolate, it apbears that dsHAFP-1b is the desialylated .

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

" a potent immunosuppressive form of desialyiated HAFP

preparations.

Our data suggest that HAFP is initially syn-

 thesized in a relatively electronegative form with a

large proportion of HAFP-3 as is seen in both thé

~tumor and fetal 1ivér HAFP isolates. Subsequently,
-small amounts of HAFP-1 are seen in the serum. As

~ HAFP passes into the extravascular compartment

(ascitic fluid) the relative quantity of HAFP-1
increases, and that of HAFP-3 decreasés; As these

changes in the electrophoretic variants of HAFP occur,

" there is a simu]taneous loss of HAFP-3a, so that

ascitic fluid is almost devoid of this isoelectric

 variént.'“Two explanations for this progressive shift

from e]ectronegative'td e]ectroposithe species are
possible: (a) a post-synthetic, probably post |
secretory, biochemical modificationldf tHe molecule
‘may occur, or (b), the various HAFP species may. have
differing catabolic rates. Various.theoretical and
experimental considerations lead us to févor'thé
former hypothesis (1). Thus we believe that HAFP

undergoes a biochemical modification following its
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synthesis and secretion, which conVerts the molecule
from an electronegative to an e]ectropoéitive
species.  We poétu1ate'that this conversion modulates
theAimmunosuppressive potency of the HAFP molecule.
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TABLE I

Quantitation of‘E1ectrophoretié Variants, Isoelectric Variants, Biological Potency, and
Sialic Acid Content of Various HAFP Isolates

HAFP variants ‘ ; . Moles sialic

Agarose gel electrophoresis _ HAFP isoelectric variants : : acid/mole HAFP
. % of total HAFP = - : % of total HAFP '
(ug/m1) . HAFP 1 HAFP 2 HAFP 3 HAFP-Ta HAFP-2a HAFP-2b HAFP-3a HAFP-3b HAFP-3c
| HAFPOD » 2000 28 53 19 12 28 22 6 21 13 1.45
'~ ascites - | 4 L ‘

HAFPy, 822 11 3% 53 4 15 23 8 22 2w 1.42
serum ' ‘ | | '
HAFPOD 4.7 -- 43 57 1 20 15 20 23 22 - - 1.43

~tumor ' ‘ - - - ,
. HAFPfeta1 2.7_ -- 82 72 0 <] | 10 6 .27 - 26 31 - 1.56
liver ' ' ' '

*Amount'df HAFP producing 50% inhibition of lymphocyte mitogenic response to ATS, nonhemagglutinating phytohemagg]utinin,

or Con-A.



FIG. 1. Cfoséed immunoe]ectrobhoretic patterns of HAFP

isolates. The crossed iﬁhunoe]ectrophoretic'pattern of
HAFP isolated from Od. ascitic fluid (top) reveals thfee
species, a cathodal HAFP-1, an intermediate HAFP-2, and
an anodal HAFP-3. There is more HAFP-3 and' Tess HAFP-1
in the Od. serum isolate. The Od. tumor and fetal liver

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

FIG. 2. Isoelectric focusing of HAFP in a polyacrylamide

gel in the presence of 8 M .urea. The pH range of the

ampholytes used was 5-7. The photographic inset (top).‘
reveals the six molecular species of HAFP: HAFP—]a, the
most electropositive, HAFP-Za, HAFP-2b, HAFP-3a, HAFP-3b,
and HAFP-3c, the most electronegative. Od. tumor and -
fetal liver HAFP coﬁtain proportionately morevHAFP-Sa
than do 0d. ascitic_f]uid or 0d. serum HAFP. The pH

~ gradient écross the gel, as measured with a §urface pH
Ae]ectrode, ié displayed on the bottom. A samp1e'of human
serum albumin is included in the gel for comparison; no
impurities are seen in the HAFP fso]étes. The énode.is

to the right.



FIG. 3. Corre]étion of immunosuppressive potency of

varibus HAFP isolates with their proportion of HAFP-3a.

The immunosuppressive potency is plotted on the vertical

logarithmic axis as the dose of HAFP required to produce

‘a 50% inhibition of lymphocyte transformation (IHDSO)"

The relative proportion of HAFP-3a (% HAFP-3a) in each

isolate is plotted on the linear horizontal axis.

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

isoelectric focusing. The solid Tines represent the

spectrophotometric scans, at 540 nm, of e]ectrofocdsed

samples of HAFP in polyacrylamide gels containing 8 M

ufea; Beneath each of these is displayed the result

- of crossed immunoelectrophoresis of the electrofocused

HAFP samp]e; as well as a rep]fcaté of the original
electrofocused sample reproduced to approximate]y the
same scale. Each band of focused protéin is shown to
be HAFP and its relative proportion in each isolate
may be quantitated és‘the area under its péak in the

spectrophotometric scan.

FIG. 5. A comparison of the isoelectric focusing patterns

of native and desialylated (ds) HAFP prepafatiohs.~'
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