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UMMARY ~ Monospecific antiserum against human a-fetoprotein was prepared
S from the ascites of a patient with primary liver cancer. Using this antiserum,
the localization of u-fetoprotein in tissue specimens at autopsy was investigated by
the direct immunofluorescent method.

In liver tissues, specific fluorescence was diffusely observed in the cytoplasm and
in part of the nucleus (probably the nucleolus) of cancer cells. In kidney tissues,
in the absence metastasis and bleeding, strong specific fluorescence was found in the
cytoplasm of glomerular cells, and also in epithelial cells of the renal tubules. More-
over, cells in the sediment of urine showed specific fluorescence.

INTRODUCTION

In 1964, Tatarinov reported the occurrence of
#-fetoprotein in the sera of patients with pri-
mary liver cancer. Subsequently, the signi-
ficance of w-fetoprotein in the diagnosis of
primary liver cancer has been widely recognized
(Abelev et al., 1967; Uriel et al., 1967; Mas-
seyefl et al., 1968).

Antiserum against «-fetoprotein used in
previous studies was obtained from human fetal
serum or cord blood serum. In the present
work monospecific antiserum iwas prepared
from the ascites of a patient with primary liver
cancer. 'This antiserum was used to test for

the presence of w-fetoprotein in the serum,
ascites and urine of patients with primary liver
cancer. 'The site of production of z-fetopro-
tein is unknown, although Abelev et al. (1967)
reported that «-fetoprotein is specifically syn-
thesized by malignant liver cancer cells.
Immunofluorescent studies have been carried
out by several investigators to clarify this prob-
lem, but all previous studies were done by an
indirect method. The present antiserum was
highly purified to avoid non-specific fluores-
cence and was used for direct immunofluores-
cent studies on various tissues obtained at
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autopsy, and on the sediment of urine.

MATERIALS AND METHODS

1. Specimens

The materials examined were 25 specimens of
serum, 3 specimens of ascites, 3 specimens of urine
and 2 specimens of sediment of urine obtained from
patients with primary live cancer, and 3 specimens
each of liver and kindey obtained at autopsy. As
controls, a large number of sera from healthy adults,
pregnant women, umbilical cord sera and sera of
patients with various other diseases were examined.

2. Isolation of human a-fetoprotein and preparation
of rabbit antiserum agatnst a-fetoprotein

The method used is summarized in Fig. 1. The
ascites of patients with primary liver cancer were used
as starting material. Ammonium sulfate was added
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to the ascites to make a 509, saturation. The
mixture was allowed to stand at room temperature
for 3 hr., and then centrifuged at 28,000 rev/min
for 30 min at 4 C using a Beckman L type ultracen-
trifuge. The sediment contained no a-fetoprotein
(Fig. 2), so it was discarded. Ammonium sulfate
was added to the supernatant to make a 75%, satura-
tion. The mixture was allowed to stand at room
temperature and then centrifuged as before. Fig.
2 shows that the precipitate contained «-fetoprotein.
It was washed 3 times with cold 759 saturated
ammonium sulfate solution and then dissolved in
distilled water and dialyzed for 48 hr. against
phosphate buffered saline, pH 7.2, with frequent
changes of the outer solution. Then it was submitted
to agar zone electrophoresis. The area containing
a;-globulin was cut out, and the fluid obtained by
freezing and thawing the agar matrix was concen-
trated to a suitable volume by negative pressure
ultrafiltration and used as the crude a-fetoprotein
preparation. This crude fraction, con-
taining a high level of a-fetoprotein, was
injected intramuscularly into rabbits with
Freund’s complete adjuvant. Five in-
jections were given at two week intervals.
One week after the final injection, 20
ml of blood were drawn. As shown in
Fig. 3, this antiserum contained at
least 4 antibodies against proteins other
than «-fetoprotein. To remove these
other antibodies, this antiserum was ab-

SUP sorbed with immunoadsorbent, glutaral-

dehyde-gelated human serum contain-
ing no a-fetoprotein, by the method of
Avrameas (1969). The absorption pro-
cedure was repeated until the prepara-
tion gave no precipitation line against
normal human serum. Generally, one
or two absorption treatments were suf-
ficient.

CRUDE ANTISERUM

3. Detection of a-fetoprotein

The immunodiffusion test (Ouchter-
lony’s method) and microimmunoeclect-

SEPHADEX G200
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rophoresis were used.

|
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Ficure 1. Isolation of human a-fetoprotein and preparation of

rabbit antiserum.
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4.  Quantitative determination of «-
fetoprotein
The single radial immunodiffusion

method was used. For this method, a
highly purified preparation of «-feto-












TasBLE 3.

Clinical and laboratory findings of autopsied cases

Case AS. 53y. & TT. 46 y. & SS. 75 y. &
Onset June, 70 July, ’70 December, 70
Main physical sign
Liver swelling ca. 3.6 cm ca. 9.0cm ca. 6.0 cm
(below the costal margin)
Ascites (#) (#) (=)
Main laboratory findings
Total bilirubin (mg/dl) 3.9 70.0 5.4
S-GOT (u) 650 1640 160
S-GPT (u) 150 260 128
Alkaline phosphatase (u) 31 40 94
Urine
Protein — - —
Sugar - - -
Urobilinogen + +H H
Bilirubin + + +H
Serum protein (g/dl) 8.7 6.4 6.5
A/G ratio 0.60 1.18 0.57
«, globulin (g/dl) 0.67 0.43 0.64
Orosomucoid (g/dl) 0.250 0.0%6 0.140
w-fetoprotein
Serum (mg/dl) 125.0 90.0 30.0
Ascites (mg/dl) 15.0 15.0 —
Urine (mg/dl) 0.33 0.33 0.12
Findings at autopsy
Liver weight (kg) 2.6 5.3 3.2
Ascites (#) (#) (-)
Histopathology Primary liver cancer with liver cirrhosis (trabecular type)
Metastasis to other organs and tissues (=) (=) (=)

cancer cells. No specific fluorescence was ob-
served in non-cancerous cells. In contrast,
no specific fluorescence was noted in metastatic
cancer cells in the liver or in liver cells of cases
of hepatitis or liver cirrhosis obtained by biopsy
or autopoy so far as examined. In kidney
tissues, as shown in Figs. 8 and 9, strong specific
fluorescence was found in the cytoplasm of
glomerular cells and also in epithelial cells of
renal tubules.

From the findings in the kidney and urine,
the sediment of urine specimens of patients
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with primary liver cancer whose sera showed
a positive a-fetoprotein reaction were examined
by the direct immunofluorescent method. As
shown in Fig. 10, specific fluorescence was ob-
served in cells of the sediment of urine. These
cells could not be identified exactly, but may
be epithelial cells of renal tubules. No protein
was detected in the urine by routine laboratory
tests in the clinical course of the disease and
neither metastasis nor bleeding nests were
found in the urogenital system at autopsy.






DISCUSSION

In almost all previous work, fetal material
(serum or extract) and sera from patients with
primary liver cancer, because they have high «-
fetoprotein contents, have been used as im-
munogens for preparation of antiserum against
a-fetoprotein. However, the supply of fetal
materials is restricted and it is also very dif-
ficult to obtain a large quantity of blood from a
patient with primary liver cancer.

So, as recommended by Uriel et al. (1967),
we used ascites of patients with primary liver
cancer as a source of immunogen.

When untreated ascites was injected into rab-
bits as an immunogen, no antibody was evoked
against «-fetoprotein although many antibodies
were produced against other proteins. The
same phenomenon was observed using cord
blood sera or sera of patients with primary liver
cancer. The reason for this is not known, but
may be because of the low content of «-feto-
protein in the immunogen relative to the con-
tents of other proteins. Therefore, we ob-
tained the o, globulin fraction of ascites by
ammonium sulfate precipitation and zone elec-
trophoresis on agar gel. This fraction was
concentrated by negative pressure ultrafiltra-
tion and injected into rabbits. The w-feto-
protein contents of this immunogen, measured
by the single radial immunodiffusion method,
was calculated as 2 mg per ml, so each rabbit was
immunized with 10 mg of a-fetoprotein.

Recently, Rappe et al. (1971) reported the
partial purification of u-fetoprotein from ascites.
They found the a-fetoprotein in the supernatant
after 60%, ammonium sulfate precipitation and
purified by stepwise DEAE-cellulose chromato-
graphy. They immunized rabbits with 15 mg
of «-fetoprotein and evoked 4 or 5 antibodies
at least against proteins other than u-fetopro-
tein.  Our method is easier and simpler than
that described by Rappe et al.

Furthermore, using cord blood serum as
starting material, we found that the o,-globulin
obtained by this method could also be used as
crude immunogen.
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Using this antiserum, we examined the pre-
sence of a-fetoprotein in the sera, ascites and
urine samples of patients with primary liver
cancer and various other diseases. Qur results
were almost the same as those reported by
others. But we detected a-fetoprotein in the
urine after concentrating the latter 85-200
times, whereas Kithier et al. (1966) reported
finding it in urine which had been concentrated
500 times,

The localization of «-fetoprotein in tissue
sections obtained at autopsy from patients with
primary liver cancer was also investigated.
Previously, specific fluorescence has been ob-
served in the cytoplasm of cancer cells using an
indirect immunofluorescent method. This pa-
per is the first report of use of a direct immuno-
fluorescent method.

In liver tissues, specific fluorescence was dif-
fusely seen in the cytoplasm and part of the
nucleus (probably the nucleolus) of cancer
cells. No specific fluorescence was noted in
non-cancerous cells, These are important
findings, suggesting that «-fetoprotein is syn-
thesized in cancer cells.

In kidney tissues, strong specific fluorescence
was found in the cytoplasm of glomerular cells
and also in epithelial cells of renal tubules.
Furthermore, cells (probably, epithelial cell of
renal tubules) in the urine of patients with
primary liver cancer (the serum gave a positive
reaction for a-fetoprotein) showed specific
fluorescence.

There are no previous reports of finding o-
fetoprotein in the kidney or the sediment of
urine. Further studies are now in progress on
this in our laboratory.
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