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1. Introduction

Alpha-fetoprotein (a-FP), a protein of fetal origin
which is absent in sera of normal adults, has been
recognized also 45 a tumor antigen associated with
hepatoma and with malignant teratoma [1]. The
detection of o-FP, and its evaluation as a serological
test for primary liver cancer, have been attempted in
several laboratories [2—4]. Recently, the development
of a sensitive radioimmunoassay for a-FP has been
reported [5]. One prereduisite for an immunoassay of
any sort is, of course, a monospecific antiserum which
will not react with any other serum component.

The inethods generally employed for preparation
of such a monospecific anti-a-FP serum utilize whole
fetal scrum [6] ~- serum from patients with hepato-
cellular carcinoma [7] for immunization, and exhaus-
tive adsorption of the resultant antiserum with normal
human plasma, This method, however, runs the risk
that some serum components from normal human
plasnia thay contaminate the antiserum preparation.
For this reazon, in preliminary experiments in which
we tried to use the above approach, we chese for
adsorption human plasma that has been cross-linked
by glutaraldehyde. We did not find this method for
preparing anti-o-FP serum satisfacto:y, as the repeated
adsorptions with insolubilized normal plasma caused a
drastic decrease in the ant* ~EFP titer.

In a recent publication 3] it was reported that
a-fetoprotein of rat has a very strong estrogen-binding
capacity, thus enabling specific autoradiograph assay
for the protein using labeled estradiol or estrone. It
was, therefore, anticipated that the use of a prepara-
tion in which estradiol is bound to an insoluble matrix
may serve ak a means to adsorb o-FF from fetal serum
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or from the sera of hepatoma patients. We wish to
report the preparation of such an insoluble estradiol-
containing adsorbent, the specific binding of a-FP to
it, and the use of the resulting material for preparation
of monospecific anti-o-FF serum,

2. Materials and methods

Sepharose 4B was obtained from Pharmacia, Upp-
sala; diaminononane from: Fluka, Switzerland; labeled
estradi~] {estradiol-178- [4-3H], 100 mCi/mM) was
fiom New England Nuclear, Boston; estradiol-173-
monoh.2misuccinate from Tkapharm, Isreel; and
1-ethyl-3-(3-diethylaminenropyl) carbodiimide (EDCI)
from the Ott Chemicals Company, Muskagon,
Michigan.

Plasma samples containng o-FP from patents with
primary liver carcinonfa were obtawr 2d through the
courtesy of Drs, Smith and Osunkoya from the Medical
School of the Ibadan University in Nigeria. Normal
plasma was from the blood bank of the Kaplan Hospr-
tal, Rehovot. Ant: &-FP serum samples were purchased
from Instituto De Investigacion, Ulta, Spain, or from
Meloy Laboratories, Springfield, Virginia.

2.1, Determination of extradiol-binding proteins
The estradiol binding proteins in plasma samples
were determined by a radioassay using 14C-labejexi
cstradiol, according to the method described by Lindner
ctal. [9]. v

2.2, Immunization procodures
Immuniztaion of a goat and two rabbits was per-
formed by multisite intradermal injections of the
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Sepharose-bound a-FP in complete Frennd’s adjovant.
0.5 g of the insoluble material in a total volume of

2 mi adjavant spixture was injecied per goat or per
rabbit. A booster injection of a similar amount was
given 10 days later. The animals were bled weekly,
starting one week after the booster injection.

2.3, Adsorptiors

Whenever necessary, seva were adsorbad with jn-
solubilized human plasma, obtainsd by polymerization
with ghatarsidehyde J10] {1 m] sernm adsorbed with
with polymerized ynaterial obtained from 1 mil plasmia).

2.4, Detection of a-FP or anti-o-FP

Imrmunoditfusion acco ding o Ouchierlony [117]
or immunoelectrophoresis {12} were used for the
detection of 2ither o FP or antibodies to it in the
various samples.

3. Resnlis

3.1, Binding of estradiol io Sepharose

The first stage in the preparation of this material
was the binding of diaminononane, via ong of its
arnino groups, to CNBractivated [13] Sepharose. In
the second stage, estradiol-178-monchemizuecinaie was
bound to the diaminonanz-Sepharose preparation via
its carboxylic group, using a soluble carbodiimide
yeagent.

To 10 g of activated Sepharose 4B 20 mg of dismino-
noenane weze added in 0.1 M NaHCO,. The reaction
was zilowed to proeeed for 16 hr at 47 with stirring,
after which the material was washed with 0.1 M
NaHCO4, followed by 30% diesanc/water sclation.
The estradiol-178-hemisuccinate {9 mg) was activated
in 30% dioxane/water solution with EDCI (5 mg) for
30 min at room temp. Afier centrifuging off the preci-
pitate the material was added 1o the dimminononane-
Sepharose. The reaction raixture was stirred for 16 hr
at 4°, The amount of estradiol bound 1o diamino-
nonane-Sepharose, 0.45 mgf1 g Sepharose, was deter
mined by monitering the optical density at 280 mun of
the sclution before and after the binding procedure.

3.2. Bindirg of a-FP ro estradiol-Sepharose
- The various plasma samples {5 ml) were passed

either over colarans made with estradicl-Sepharose -

336

FEBS 1 ETTERS

June 1973

beads (2 g), or — a3 a control — on columns of a
Sepharose praparalion 1o which only diaminonans was
attached. The amonnt of estradicl-binding proteins in
those samples before and after the adsorption was
determined by radioassay {table 1). As seen from the
table, both normal and o-FP-containiing vlazsma showed
similar levels of estradioi-binding capacity. This bind-
ing caparily was not decreased afier passage through a
eolomm of diaminonane Sepharpse. A drastic decrease
was, however, observed afier passage nf a-FP-contain-
ing plasma through the estradici-5epharose column,

in this case the most efficient adsorption of estradiok-
binding proieins was obtained from fractions enriched
in 0-FP, obtained by precipitation between 40% and
T0% saturzicd ammonium sulphate. Cnly such
preparations were used in subsequent experimenis.
Normal plasma, which does not contain any o-FP as
tesied by immunodffusion, showed only a siight
re¢uction in its estradiol-binding capacity afier adscrp-
tion on the sstradiol Sepharose eolumn, The soluions
passed throngh the estradiol-Sepharose column still
showed the presence of o-FP in immunodiffusion in-
dicating that the adsorption was not complete.

3.3, Avrtempis to elute - FP

After passags of the samples containing o-FP, the
estradiol-Sepharose columns were washed repeatedly
with 0.15 M NaCl—0.01 M sodinm phosphate buffer
iPBS), pH 7.0, followed by 1 M acetic acid. The acidic
eluate, thovngh containing proiein {OD5g, = 1.33), did
nci show the presence of o-FP. Washing with 0.05 M
ammonia, or with 6 M urea, did not bring sbout the
slution of the 2FP from the column.

3.4, Imsnunizations

Rabbits were invnnnized with the estradiol-
Sepharose beads reacted with o-FP snriched fractions
and treated as described above. One rabbit {R-1) was
innnumized with the beads washed only with PRS,
whereas the second rabbit (R-2), and one goat (G)
were Immunized with the beads obtained after washing
with both PBS and acetic aeid. As shown in fig. 1, all
three animals developed anti-o-F¥ antibodies, but
whereas in the antiserum toward the first rabbit (R-1?2
several precipitin bands in immunndiffusion could be
observed, the sera of either R-2 or the goai gave only
two precipitin bands with o-FP containing plasima, of
which one was identical with commercial anti-a=FP.
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Table &
Adsprplion of pstradiol-binding proteins by Sephaross-
estradiol columm.

Sample Binding of 1C1abeled estradicd ()
Non- Adsarbedd  Adsorbed
adsprbed on Gami-  on esira-

nencoant giol
Sephaross  Sepharose

Normal plasma 36 35 i)

Plasma of hepa-

trma patient 43 38 23

o-FP-enTiched™®

fraction of above

plazmsa 40 38 i7

- FP-enriched®

fraction of

anoller hepatoma

plamna 4% 40 21

e-PF-snriched™

fraction from

mprr 2] plasma e 35 33

Humnn serum

albumin

{40 mgfmi) 2 20 20

* Tt e fraction precipiiated with 70% saturated ammonivm
su fate from the sepernatant obiained after precipitating
wilh 0% saturated ammominm suifate.

Tht second precipitin hand disappeared after one
adsyrption of these antisera with insclubilizen whole
huraan plasma (fig. 1). In contrast, 2 rabbit immunized
with the whole serum of 2 hepatoma patiznt yisided
antizsmm giving many precipitia bands {(fip, 23, which
were very difficult to eliminate even by several adsorp-
tions with insplubilized human plasma. Exhaustive
adsorption caused a drastic decrease in the titer of
anii-o-FP (fig. 2).

4, Diseussion

We have described here 2 meihod by which a mono-
specific antiserimn for a-Fetoprotein can be prepared,
The method is simple, does not regquire the tedious
purification of the antigen, and vet brings abont the
formatien of antibodies 1o a-FP which are contamin-
ated by antibodies against only pne other serum comn-
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Big. 1. Immenodiffusion on agar plate. Middle wel: plasnia of
Thepaioma patieni. Peripheral weils: a) commercial anh o-eio-
prolein; o) goat antiseram against o-fetoprotcin afie: one
adeorption with insplubilized human plasma; ¢) goat aph-
serum befors adserption: d) rabbit {R-1) antiserumm against
c-feioprotein, non adsprbed; e} rabbit {R-2} antiserum apzainst
w-fetopzolein, Don-edsorbed; £) rabbit (R-2) antiserom after
one zdsorption with insoinbilized haman plasma.

ponent. The contaminating antibodies can be easily
rernoved in one adsorption step with insolubilized
norma plasma,

The mgthod employsd here is based on the prin-
ciples of affinity chromatography — it takes advantage
of the affinity binding of estradivl to o-FP, an® sed
an estradiol column for the specific extraction of this
protein from whole serum. There are several other
proieins in the serum with binding atfinity to estradiol
[i57] and they may also bind to the column, However,
all these proteins with the exception of one, are
removed from the colnmn by acid elution. o-FP was
not remaved from the beads by sither 1 M acetic acid
or G.05 M amvronia o 5 M ures. This may be due to
the high affinity binding of estradiol to o-FP. The
reported affinity binding constant of 0-FP 1o estradiol-
178 or esiron is 108 M1 [14], whereas the Linding
comsi mi of these steroids 1o human serum albuamds is
105 M- 315

The norms? ciasma seemed to possess zZimost as
much estradiokbingding capacity as the o-FP-enriched
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¥ip. 2. immunodiffusion in agar plate. Middie well: plasma of
hepatosa patient. veripher.d wells: a) zabbit axiiserum againsl
'whole plasma of hepaloma patient. b) The same rabbit anti-
=prum afler two adsorptions on insclicbilized haman plasma.
) The astiserum afler three adsorpiions, 4) Commercial anti-
nefeisproiein.

fractions, even thongh i1 does not contain o-FP, in:
dicaiing the prssence of other estrogen-binding proteins.
Such estradiol-173-binding proteins were most prob-
ably present in the o-FP-enriched fraciions as well.
They were apparently either ehrted from the modifisd
Sepharose by elution with acid, or did not lead 1o
antibody formatinn, as — with the exception of a single
protein as mentioned above — no oBer antibodies
were detected in our experimental srtiserum that
would react with another human serum protein.

o-FP conld not be ehated, nnder the conditions
used, from the estradiol-Sepharose column, and it
thus seems that such a ¢columm: may noi be nsefnl
for the isplation of o-FP by affinity chromatography.
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The colmmn procedure was, neveriheless, useful as an
efficient and direct methed for obraining a snonospeci-
fic anti-o-FP antiserz.
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