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MATERIALS AND METHODS

Evidence is presented for the occurrence of an apparently
identical alkaline phosphatase isozyme in sera and cancer
tissues of different patients with hepatocellular carcinoma.
The enzyme resembles the D-variant phenotype of the
placental alkaline phosphatase in inhibition of amino acids
including L-phenylalanine and L-leucine, ethylenediammne
tetraacetate, and urea, and also in the molecular weight.
However, it differs from it in heat stability, electrophoretic
mobility, pH optimum and inhibition by phosphate. Immuno
chemically, the hepatoma-associated enzyme possesses anti
genicity partially common to the placental isozyme.

Ihese facts, in addition to its almost exclusive localization
in hepatoma tissue, suggest that the enzyme is produced by
the hepatoma.

INTRODUCTION

Recent investigations by Warnock and Reisman (9) and by
Higashino et a!. (3) have shown the occurrence of an abnormal
alkaline phosphatase (the variant isozyme) which seems to be
associated with some type of hepatic carcinoma. Higashino et
aL (3) also reported that the enzyme shares some of its
properties with both liver and placental alkaline phosphatase,
but that it may be regarded as a variant of the placental
isozyme because of its sensitivity to inhibition by amino acids
or urea and its cross-reactivity with antiplacental alkaline
phosphatase antibody.

Since these findings were obtained with the enzyme from
the serum of only one hepatoma patient, the possibility
cannot be excluded that the enzyme may be an artifact arising
during purification procedures.

To examine more fully the occurrence of this isozyme in
hepatoma patients, a few patients were selected, and the
enzyme was purified from hepatoma tissues and sera and its
properties were compared with those of the isozyme pre
viously obtained from Patient I. K. (3).

In this report, evidence is presented that this type of variant
alkaline phosphatase is found in other patients with hepatoma.
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Serum and Hepatic Cancerous Tissue. Blood was obtained
from patients with hepatoma and the serum was separated by
â€˜centrifugation.Hepatoma tissue was obtained at autopsy and
stored at â€”20Â°until used.

Chemicals. Sephadex G-200 was purchased from Pharmacia,
Uppsala, Sweden, and DEAE-cellulose was from Brown Co.,
Berlin, New Hampshire. L-Homoarginine was obtained from
Fluka Chemische Fabrick, Buchs, Switzerland. Fast blue BB
salt was from Sigma Checmical Co., St. Louis, Mo. Other
chemicals were obtained from Wako Pure Chemical Industries,
Ltd., Osaka, Japan.

Partial Purification of Variant Alkaline Phosphatase from
Serum and Cancerous Tissue. The serum variant alkaline
phosphatase was purified from the serum of 1 patient to the
same specific activity as the enzyme previously studied (3).

The hepatoma tissue variant alkaline phosphatase was
extracted with one-third volume of 1-butanol from 75%
homogenate of cancerous tissue in 20 mM Iris-HC 1, pH 7.4,
by a modification of Morton's procedure (7), and purified by
the method similar to that used for purification of the serum
enzyme. A summary of typical purification procedure is
presented in Table 1. In the table, the preparations of the 1st 3
steps contained the liver alkaline phosphatase in addition to
the variant alkaline phosphatase. Chromatography on DEAE
cellulose enabled the separation of the variant enzyme from
the liver enzyme, and the last 2 preparations were free from
contamination with the liver enzyme, as examined by
electrophoresis on polyacrylamide gel.

Enzyme Assay. Enzyme activity was measured at 37Â°. The
standard assay mixture contained, in 2.0 ml of 50 mM
carbonate bicarbonate buffer, pH 10.1, 1 mM MgC12 , 10 mM
disodium phenyl phosphate, 0.06% 4-aminoantipyrin, and the
enzyme. The phenol liberated was measured at 500 nm after
color development with addition of 2.0 ml of a solution
containing 1.2% potassium ferricyanide and 80 mM acetic acid
(3,4).

Protein determination was carried out by the method of
Lowry et a!. (6) with bovine serum albumin as the standard.

Immunological Studies. For the preparation of antibody
against placental alkaline phosphatase, purified antigen was
mixed with an equal volume of complete Freund's adjuvant
(Difco Laboratories, Detroit, Mich.) and the mixture was
injected s.c. into rabbits. A booster injection was given 2 to 3
weeks later. Antivariant alkaline phosphatase antibody was
produced in the same way. Since the latter antiserum
produced was found to contain a small amount of antibodies
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FractionStepSpecific

activity
(j@mo1es

phenol/mm/mg
protein)Total

activity
(j@molesphenol/mm)Total

protein
(mg)IButanol

extract0.2415206250IIAcetone,
30â€”60%0.4914803040IIIEthanol,55â€”75%0.7212151690IVDEAE-cellulose3.70534144.3VSephadexG-20013.642030.8

K. Higashino et aL

Table 1
Purification ofa variant alkaline phosphatase from hepatoma tissues

against a few serum proteins on double diffusion, these
antibodies were absorbed with normal serum. An antibody
rich 7-globulin fraction was isolated from the antiserum by
ethanol fractionation (1).

Immunodiffusion of the alkaline phosphatase with antibody
against either alkaline phosphatase in the agar gel was carried
out by Ouchterlony's technique (8). The minute concentration
of enzyme protein used generally produced no visible
precipitin line. Detection of the line was, therefore, made by
staining the enzyme activity of the antigen-antibody complex.

Electrophoresis. Horizontal thin-layer polyacrylamide gel
electrophoresis (2 mm thick) was run in 0.3 M borate buffer,
pH 8.0, at a constant current of 1.0 ma/cm for 3.5 to 4 hr at
40 (3). The bands were visualized by staining the enzyme

activity as previously described, except that fast blue BB salt
was used instead of Naphthanil Diazo blue B salt (3).

RESULTS

Electrophoretic Studies. Chart 1 shows the electrophoreto
grams of hepatoma tissue from 3 patients with the variant
enzyme in their sera. When they were stained for alkaline
phosphatase activity, 2 bands were seen; the faster was the
variant enzyme and the slower was the liver enzyme. The
tumor extracts from 3 patients clearly contained the variant
isozyme with identical electrophoretic mobility. The mobility
was also the same as that of the serum variant isozyme
(represented by serum from Patient K. 0. in the Chart) and, of
course, the same as that of the enzyme studied previously (3).
As previously mentioned (3), the variant alkaline phosphatase
had the fastest anodal migration among human alkaline
phosphatase isozymes under the condtions examined.

Comparison of the Enzymatic Properties of Variant
Alkaline Piiosphatase from Hepatoma Tissue and Serum with
Those of the Original Enzyme. Since the occurrence of an
electrophoretically identical alkaline phosphatase in both
hepatoma tissue and serum from different patients has been
established, the identity of these enzymes was further
examined by a study of their enzymatic properties. As shown
in Tables 2 and 3, both enzymes were almost equally inhibited
by amino acids, phosphate, EDTA, and urea. The pH
optimum, heat stability, and molecular size as revealed by
elution profile from the gel filtration also were not different.
Finally, with respect to the cross-reactivity with antiplacental
alkaline phosphatase antibody by Ouchterlony's technique,
these enzymes from both hepatoma tissue and serum showed
immunochemical identity. However, the precipitin line of the
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Chart 1. Electrophoretogram of the alkaline phosphatase of the
butanol extracts of hepatoma tissues. 1 and 6, serum with high liver
alkaline phosphatase activity; 2, 3, and 4, hepatoma tissue extracts
from Patients I. K., S. S., and K. 0., respectively; 5, serum from Patient
K. 0.

placental alkaline phosphatase spurred over that of the variant
isozyme (Chart 2).

On the contrary, the lines of both variant and placental
alkaline phosphatase produced by antivariant alkaline phos.
phatase antibody fused completely (Chart 3). These results
suggest that the variant enzyme shares some of the antigenicity
with the placental enzyme. This antigenicity was not different
among the isozymes from serum and hepatoma tissue of
different patients.

Localization of the Variant Alkaline Phosphatase in
Cancerous Tissue in the Liver. To ascertain further if whether
the variant alkaline phosphatase is a product of the hepatoma
cells, the enzyme activity was examined in specimens from the
central and peripheral parts of the hepatoma, and from an
apparently normal part of the liver; 1-butanol extracts from
these parts were subjected to electrophoresis. By densitometry
of the zymogram obtained by staining the enzyme activity, the
percentage of the activities of 2 alkaline phosphatases, namely
the liver and the variant enzymes, was calculated for each
specimen. The variant alkaline phosphatase activity was
preferentially localized in the hepatoma (Table 4). However,
unlike the previous observation (3), a little activity was found
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%inhibitionVAPfromVAPfromVAP

fromcancer
tissue ofserum ofserumofInhibitorConcentrationPatient

K. 0.Patient K. 0.Patient T.K.L-Phenylalanine1

0 mM
5 mM
1 mM85.1

75.1
40.380.0

70.2
38.089.1

77.2
45.0L-TryptophanS

mM
I mM
0.5 mM72.5

51.0
38.878.8

57.5
40.079.2

58.5
46.8L-Leucine10

mM
5 mM
1 mM76.6

60.4
22.573.1

60.9
25.678.8

65.1
26.7L-Homoarginine10

mM
S mM21

.8
13.230.9 19.317.28.5EDTAb1

mM
0.5 mM85.7 70.475.6 59.884.471.5K2HPO420

mM20.321.831.4urea4
M

2 M75.4 42.868.1 36.575.8 36.2

Source of
VAPOptimum pHElution

volume
(ml) from

Sephadex G-200Â°Heat

stabilityb (% inactivation)Cross-reactivity
with

antiplacental
alkaline phosphatase

antibodyAt

56Â°At65Â°30

mm 60 mm2 mm 4mmCancer

tissue of10.123214.2 30.153.172.6+Patient
K.0.Serumof10.1â€”10.1523216.5

27.056.476.3+Patient
K.0.Serum

of10.0â€”10.0523612.2 20.946.868.1+Patient
T. K.

A Variant ofPlacentalAlkaline Phosphatase

Table 2
Comparative enzymatic properties of VAP'@from 3 sources

The values represent the results of singledeterminations, and Â±5(%)is the acceptable range
for the determination. Each inhibitor was incorporated in the standard assay mixture so as to
give the final concentration indicated. Activity remaining was expressed as the percentage
obtained by comparison with untreated control.

a VAP, variant alkaline phosphatase.
b Assayed after 30 mm of preincubation at 37Â°as described previously (3).

Table 3
Comparativeenzymatic properties of VAPfrom 3 sources

a A 2.5- x 90-cm column of Sephadex G-200 was used.
b An aliquot of enzyme solution was incubated in 20 mM Tris-HC1, pH 7.4, at the temperature and for the time indicated.

The solution was immediately chilled in an ice bath and the enzyme activity was determined. Activity remaining after heat
treatment was expressed as the percentage obtained by comparison with unheated enzyme.

in the macroscopically intact part of the liver. This may be due
to the contamination of the hepatoma cells and the blood in
the specimen. Although the percentage of the variant enzyme
activity was different for the central and peripheral parts of
the hepatoma, there was no difference between these parts in
the absolute variant enzyme activity in 5 g of specimen. The
total activity of the alkaline phosphatase was lower in the
central than in the peripheral part, possibly due to the necrosis
of the hepatoma cells in the former part. The percentage of
the variant enzyme in the serum obtained at autopsy was less
than that of cancerous tissue, but was higher than the
apparently intact part. These facts indicate that the tumor
tissue produces the variant alkaline phosphatase and the
enzyme comes into the blood stream together with the liver

alkaline phosphatase derived mainly from the noncancerous
part of the liver.

DISCUSSION

We have reported (3,4) that an alkaline phosphatase (the
variant isozyme) that had properties distinct from any
isozymes in humans was found in the serum of a patient with
hepatocellular carcinoma.

Some of its properties corresponded to the D-variant
phenotype of the placental alkaline phosphatase (5), others
matched the liver isozyme, and still others differed from both
enzymes. Like the placental D-variant, it was inhibited by
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Site of the liver from
which specimena obtainedTotal

activity@' @tmoles
phenol/min/S g tissue)%

activity@'Liver

alkaline
phosphataseVariant

alkaline
phosphataseCentral

part of a
massive type carcinoma

Peripheral part of
the same tumor

Macroscopically almost
intact part of the liver

Serum1

1.8

16.2

31.223.5

45.7

89.6

74.276.5

54.3

10.4

25.8

K.HigashinoetaL

Chart 3. Immunodiffusion of the variant alkaline phosphatase by
Ouchterlony's technique. Enzymes in the peripheral wells are as
indicated in Chart 2; G, antivariant alkaline phosphatase antibody.

Table 4
Activity of the variant alkaline phosphatase

a Five g of each specimen were extracted with l-butanol, and the extract was fractionated

with acetone from 30 to 60%. The precipitate was dissolved in 10 mM Tris-HCI buffer, pH 7.4,
and the final volume of each fraction was made equal with the buffer after dialysis.

b Each extract contained both the liver and the variant alkaline phosphatase.
CPercentages were obtained from the densitometric analysis of electrophoretogram.

L-phenylalanine, L-tryptophan, and L-leucine, but not by
L-homoarginine. It was also inhibited by urea and EDTA, was
cleaved by neuraminidase, and had the same molecular weight.
The pH optimum and the inhibition by phosphate resembled
those of liver isozyme, but the variant isozyme was different
from both in heat stability. Its electrophoretic mobility was
characteristic and corresponded to that of fast a2 -globulin,
while the mobility of the liver and the placental isozyme
corresponded to that of a2 -globulin and the region between

@2-and j3-globulin, respectively.

Since the Regan isoenzyme that is identical to the placental
isozyme is produced by the cancer cells (2), we speculated that
the variant isozyme is also produced in hepatoma tissue.

The results presented in this paper show that a peculiar
alkaline phosphatase that occured in the hepatoma tissue and
sera of different patients was identical to the variant isozyme
found previously in the serum of a hepatoma patient. This fact
and its almost exclusive localization in hepatoma tissue (Table
4) suggest that the isozyme is the actual product of hepatoma
tissue.

Whether this variant isozyme arises as a resurgence of
alkaline phosphatase of the fetus, or the intrauterine tissues
associated with fetal growth, or whether it is a hybrid
composed of a subunit of liver enzyme and that of placental
enzyme (D-variant) produced in cancer tissue, must await
further investigation.
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Chart 2. lmmunodiffusion of the variant alkaline phosphatase by
Ouchterlony's technique. A and C, placental alkaline phosphatase; B
and E, variant alkaline phosphatase from serum of Patient K. 0. ; D,
variant alkaline phosphatase from serum of Patient T. K.; F, variant
alkaline phosphatase from hepatoma tissue of Patient K. 0. ; G,
antiplacental alkaline phosphatase antibody.
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