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ABSTRACT
The three human Â¡sozymesof alkaline phosphatases were quantita
tively determined in normal testis and seminoma tissues. The highly
selective assays were based on isozyme specific monoclonal antibodies.
In the normaltestis approximately 90% of the catalytic activity originates
from the tissue unspecific alkaline phosphatase, and the remaining activ
ity was due to trace expression of both intestinal (approximately 5%)
and placenta! alkaline phosphatase (FLAP) or PLAP-like isozyme (ap
proximately 5%).
In homogenates of seminoma tissues, highly increased levels of all
three Â¡sozymeswere identified. Both the tissue unspecific alkaline phos
phatase and PLAP-like enzymes displayed relative increases of 10- to
100-fold and intestinal alkaline phosphatase 2- to 10-fold compared with
normal testis. This finding indicates that the entire genome coding for
alkaline phosphatases may be activated in seminomas. The PLAP-like
enzyme from seminoma cells comprises a heterogenous population of
molecules demonstrating partial heat sensitivity and microheterogeneity
upon starch gel electrophoresis in contrast to the pregnancy related
PLAP. These findings have implications for the different PLAP assays
used in the clinical monitoring of seminoma patients.

INTRODUCTION
The abundance in nature of alkaline phosphatases indicates
involvement of fundamental biochemical processes although
the physiological function(s) are not clear (1). In humans, at
least three gene loci encoding human alkaline phosphatases
have been identified, for one of which the complementary DNA
has been cloned and sequenced (2,3). The discovery by Fishman
et al. (4) that the placenta! form of the isozyme appeared in the
circulation in some malignant conditions was fundamental in
oncodevelopmental biology, and placental and placental-like
alkaline phosphatase determinations have been widely used to
monitor testicular and gynecological tumors (5-7). The serum
level of placental alkaline phosphatase in nonpregnant healthy
persons is usually very low (8) in contrast to the serum levels
of liver-bone-kidney and intestinal alkaline phosphatases which
are significantly higher. These isozymes are normally released
into the circulation, which may be one reason why their rele
vance as tumor markers have not attracted much attention.
Another reason is the lack of accurate methods to quantify each
of these isozymes.
In the normal testis the dominating form (>95%) of alkaline
phosphatase is the tissue unspecific (liver-bone-kidney) isozyme
with only trace amounts of placental-like alkaline phosphatase
present (9). This trace expression of eutopically synthesized
placental-like alkaline phosphatase has turned out to be very
useful as a tumor marker for malignant tumors of the testis,
specifically seminomas, which was recently recognized by the
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international group report on valuable clinical tumor markers
(10).
The introduction of hybridoma technology (11) has enabled
the development of highly specific immunochemical tools ca
pable of discriminating in quantitative assays between closely
related antigens. Recently, very sensitive immunocatalytical
assays based on monoclonal antibodies specific for each of the
three isozymes of alkaline phosphatases were developed3 mak
ing it possible to quantify changes in the levels of different
alkaline phosphatase isozymes (12). In the present report hu
man normal testes and seminomas were investigated.
MATERIALS AND METHODS
Assays of Alkaline Phosphatase Isozyme
MICA4 Assays for AP, IAP, and PLAP. MICAs were performed as
described by Hi rano et al. (12).' Briefly, Protein-A purified monoclonal
antibodies, specific for each isozyme, were covalently coupled to small
paper discs (one type of antibody to each set of discs). The discs were
incubated with serum or tissue homogenate for 3 h at 37'C. After
washing, the paper disc-antibody-antigen complex was incubated for
30 min with substrate solution (sodium phenylphosphate in the case of
AP and IAP determinations and 4-methylumbelliferyl phosphate for
PLAP). The enzyme reaction was stopped and the absorbance at 500
nm (AP and IAP) or the fluorescence (PLAP) was measured. No heat
inactivation was used, and the results obtained are dependent on both
intact immunoreactivity and catalytic activity.
Enzyme-linked Immunosorbent Assay for PLAP. An enzyme-linked
immunosorbent assay was used as described by Miliari and Stigbrand
(8) using Protein A purified rabbit polyclonal IgG both as coating
antibody and coupled to horseradish peroxidase as a conjugate. The
assay was performed in microtiter plates using orthophenylendiamine
and HjO. as substrates for the final horseradish peroxidase catalyzed
reaction. This assay only measures immunoreactive antigen (PLAP)
with no heat inactivation step involved.
Catalytic Assay for PLAP. A sensitive catalytic assay according to
Stigbrand et al. (13) was used. Heat inactivation of AP and IAP was
carried out at 65V for 10 min before incubation with 25 HIMphenyl
phosphate in 0.05 M carbonate-bicarbonate buffer, pH 9.8, with 5 HIM
MgClj added. This assay measures heat stable catalytically active en
zyme only.
Clinical Samples. Venous blood samples from healthy pregnant fe
males attending the gynecological ward for regular medical controls
were obtained from U men University Hospital. Sera from patients with
seminoma were obtained from Karolinska Hospital in Stockholm.
Autopsy material and tumor biopsies were obtained from South Hos
pital and Karolinska Hospital in Stockholm and the Department of
Pathology or Forensic Medicine at the University Hospital, Umea. All
samples were kept frozen at -70"C until use. Tissues were homogenized
and extracted with butanol before the different assays were performed.
Placental Samples. Placental homogenates of the common phenotypes were selected from a collection of different electrophoretically
typed samples. The three common variants of placental alkaline phos3 K. Mirano, H. Matsumoto, T. Tanaka, Y. Hayashi, S. lino, U. Domar, and
T. Stigbrand. Specific assays for human alkaline phosphatase isozymes, Clin.
Chim. Acta, in press, 1987.
4 The abbreviations used are: MICA, monoclonal immunocatalytic assay; AP,
tissue unspecific alkaline phosphatase; IAP, intestinal alkaline phosphatase;
PLAP, placental alkaline phosphatase; HCG, human chorionic gonadotropin.
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phatase (variants 1, 2, and 2-1) were purified as described by Holmgren
and Stigbrand (14).
Starch Gel Electrophoresis. Starch gel electrophoresis and enzymatic
staining were performed as described by Beckman et al. (IS). Common
purified phenotypes of placenta! alkaline phosphatase and homogenates
of seminomas with high content of the PLAP-like enzyme were run in
two different buffer systems, one alkaline (pH 8.6) and one acid (pH
5.6) in order to differentiate the various phenotypes. After electropho
resis the enzymatic activity of the bands was evidenced by adding a
newly prepared solution of 100 mg a-naftylphosphate and 100 nig fast
blue RR in 75 mM Tris-5 HIM citric acid (pH 8.65) solution. The
enzyme reaction was stopped by addition of 35% methanol and 10%
acetic acid in water.

RESULTS
The specificity of the assays for each of the isozymes allowed
determination of their presence in normal human testicular
tissue. As shown in Table 1, all three forms of the isozyme,
including the intestinal type, are present. The dominating form
is the tissue unspecific AP, which amounts to 0.3-0.6 lU/g
tissue corresponding to approximately 90% of the total alkaline
phosphatase activity. Both IAP and PLAP-like are eutopically
expressed in similar trace amounts in the normal human testis
(0.01-0.08 lU/g) (approximately 5% each). The same levels are
observed for several nonspecific inflammatory affections or
other conditions of the testis like hydrocele, periorchitis, and
one hemangioma.
In seminoma cells all three isozymes are significantly ele
vated. The PLAP content, on the average 3-5 ILJ/g, corre
sponds to a relative increase of approximately 100-fold. Signif
icant elevations (P < 0.001) are also observed for IAP (0.030.4 lU/g) and AP (9-88 lU/g), relative increases amounting to

IN HUMAN SEMINOMA

TISSUE

2 to 10-fold for IAP and 10 to 100-fold for AP, which is the
same order of magnitude as that observed for the PLAP-like
enzyme. When these levels are compared with the amount of
the isozymes in normal liver, intestine, and placenta (Table 2),
the levels of AP in the seminoma tissues are higher than those
of the normal liver, whereas the absolute levels of IAP and
PLAP are lower in the tumors compared with normal small
intestine and placenta. These results together indicate a sub
stantial increase in gene expression of all phosphatase isozymes
in seminomas, most apparent for AP and PLAP.
The placenta! form of the enzyme has, as HCG, been estab
lished as a useful serum marker for pure seminomas, and a
variety of methods for the determination of PLAP have been
described (1). Three different assays using different properties
of the PLAP-like enzyme were used to compare the levels of
enzyme in both normal and seminoma testis tissue (Table 3).
The results obtained confirm significant increases with all three
types of assays (catalytic, immunocatalytic, and immunochemical), and the data indicate heterogeneity when enzyme activities
are compared to enzyme protein concentrations. Pregnancy
Table 2 Levels of alkaline phosphatase isozymes (AP, IAP, and PLAP), in
normal human tissues measured by MICA
Alkaline phosphatase activity
(lU/g tissue)
TissueLiverIntestinal

mucosaPlacentaAP0.90.41.11.32.61.20.20.50.50.140.120.18IAP0.030.140.0070.0040.0570.51

Table 1 Content of alkaline phosphatase isozymes (AP, IAP, and PLAP), in
normal and pathological testis tissues measured by MICA
tissue)SamplesNormal

Alkaline phosphatase activ
ity (lU/g
Table 3 Content of PLAP in testis and various testis tumors measured by three
different assays

testisHydrocelePeriorchitisHemangiomaSeminomaChoriocarcinoma

assay
(IU/g)0.03

SampleNormal

immunosorbent0.05

testisMICA0.03

seminomaChoriocarcinomaYolk
+

0.04
0.03
0.04Catalytic

0.03
0.02
0.02Enzyme-linked

Seminoma

2.70
2.64
5.53
2.30
2.24
0.90
3.15
5.76
0.33
4.29
3.31
3.17
2.56
3.08
3.49
3.42
1.54

1.15
1.41
1.64
0.35
0.96
0.45
1.19
2.68
0.18
1.44
1.13
2.00
1.22
1.05
3.10
4.78
1.40

8.4
2.4
19.6
2.1
2.2
1.3
7.9
31.6
0.6
10.3
8.2
10.8
5.3
7.2
19.8
19.0
2.9

Choriocarcinoma +
seminoma

2.36

1.46

6.5

Choriocarcinoma

0.03

0.04

0.04

0.18
0.26
0.26

Yolk sac tumor
0
0.15
sac tumorAP0.30.60.60.60.40.50.58816341312142045222439323554643393006.91.6IAP0.080.030.040.010000.100.040.140.150.080.030.080.2700.210.140.430.220.270.320.390.120.2600.7
0.08
0.02
0.06
0.03
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Table 4 Content of placenta! alkaline phosphatase in serum from seminoma
patients determined by two different assays

phosphatase (16). This isozyme is detectable in normal human
sera during pregnancy and certain malignant conditions, and
assay
the identification is simple because of the low levels of PLAP
(IU/liter)4.922.411.821.170.600.860.411.280.451.03
(IU/liter)12.945.462.482.511.421.380.562.630.751.67Catalytic
Sample12345678910MICA
in a normal healthy population and the access to highly sensitive
assays (12).3 The other two isozymes, the tissue unspecific
(liver-bone-kidney) and the intestinal alkaline phosphatases
have so far not been identified as typical oncodevelopmental
antigens. One major reason for this is that the high normal
circulating serum levels of these isozymes make a minute ad
dition of tumor derived isozyme difficult to trace. However,
elevated serum levels of AP in cancer patients are often seen,
although no involvement of the liver is observed.
By means of sensitive discriminating assays capable of mea
suring each of the three major phosphatase isozymes (12)
without any cross-reactivity,3 it has been possible to make

c

d

e

12-12

Fig. 1. Starch gel electrophoresis (pH 5.6) of placenta! alkaline phosphatase
in seminoma homogenates (a-e) after heat treatment at 65'C for 10 min. The gel
was stained for enzymatic activity. To the right of the gel the normal purified
phenotypes (/, 2-1, 2) of placenta! alkaline phosphatase are applied.

sera assayed in the same way by the three methods (results not
shown) display a more homogeneous population of enzyme
molecules. In sera from seminoma patients (Table 4) enzyme
activities assayed by the MICA and the catalytic assays are
variable, in agreement with data obtained from the seminoma
tissues. It should furthermore be concluded that in pregnancy
sera the MICA and catalytic assays give almost identical values,
but in tumor sera the MICA results in 2-fold higher values. It
is concluded from these observations that the tumor associated
PLAP-like form of the enzyme is partially heat sensitive com
pared with the pregnancy related FLAP.
Some of the homogenates demonstrating high content of
PLAP were subjected to starch gel electrophoresis after heat
treatment as shown in Fig. 1, and the phenotypic expression
was compared with that of the three common purified pheno
types. It can be concluded that the tumor associated isoforms
are polymorphic, but the patterns cannot be allocated to any of
the normal placenta! types. A considerable microheterogeneity
is also observed with broad bands for all samples investigated.
When all the phosphatase isozymes, used as markers, were
compared with the levels of a-fetoprotein and HCG in the
tumors (results not shown) a-fetoprotein was significantly ele
vated in the yolk sac tumors and not detected in any other
conditions, whereas HCG content was significantly elevated in
the choriocarcinomas and elevated in 4 of the 17 seminomas.
Interestingly, the highest levels of IAP in these groups were
observed in the yolk sac tumors in agreement with the endo
derma) origin of these tumors.
DISCUSSION
One of the basic concepts in oncodevelopmental biology has
been the similarities in enhancement of specific gene expression
during both the normal embryogenesis and malignant transfor
mation causing rapid growth. This process generates an in
creased synthesis of growth promoting cell components which
are typical and often identical in both the tumor and the fetal
cells. A number of such oncofetal or carcinoembryonic antigens
have been described, one of which is the placenta! alkaline

several basic observations presented in this report. The first is
the identification in the normal testis of all three phosphatase
isozymes. So far the appearance of the intestinal form of the
enzyme in amounts equal to those of PLAP has not been
described earlier, whereas the identification of AP and trace
amounts of PLAP has been recognized (5,9). It is still too early
to evaluate the implications of this finding in relation to the
physiological role of this enzyme system.
Another major observation is that all the investigated tumors
demonstrate highly increased levels of all three isozymes, not
only PLAP, which is related to the fetal-placental unit. This
indicates that the entire genome coding for alkaline phospha
tases is activated in seminomas. The relative increase is the
same for AP as it is for PLAP, demonstrating that the increased
expression of isozymes typical of the fully differentiated cells is
of the same magnitude as that of the fetally related isozymes.
This observation may have physiological implications and is an
indicator that the catalytic properties of the enzyme might be
of importance for the tumor progression.
The same type of simultaneous expression of different phos
phatases occurs in the early placenta, which from the sixth to
the tenth week after implantation only expresses AP and after
the first trimester of pregnancy switches to synthesis of PLAP
(17). The functional role of these enzymes is, however, not yet
known. In the seminoma tissue as compared with the mature
placenta the dominating form of the phosphatases is still the
AP. The increased levels of all isozymes in seminoma tissues
are however not necessarily correlated to high serum levels of
the same enzymes due to differences in clearance rate.
The mechanisms leading to the appearance in the normal
testis and in seminomas of the PLAP-like enzyme, an enzyme
which is almost indistinguishable from PLAP, are still a matter
of controversy. Differences in reactivity with monoclonal anti
bodies (6, 18) and inhibition patterns with certain inhibitors
have been reported (19). Whether a separate gene for the PLAPlike enzyme exists is not yet known. The present investigation
adds some important facts to this controversy. The first is that
activity versus enzyme protein of PLAP, as measured in preg
nancy sera, is constant, indicative of a population of circulating
PLAP molecules during pregnancy which is rather homoge
nous. In tumors and tumor sera a significantly higher variation
is observed, indicating that the tumor derived enzymes belong
to a population of heterogenous molecules. This observation is
supported by the fact that the electrophoretic patterns obtained
from starch gel electrophoresis demonstrate not only microhet
erogeneity within each investigated tumor but also significant
differences in surface charge between samples, a variation which
is not consistent with the normal placenta! phenotypic classifi
cation system. These observations are important when PLAP
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and PLAP-like enzymes are used as tumor monitoring agents
and different types of assays are used (catalytic, immunocatalytic, and immunochemkal). The existence of a population of
tumor derived PLAP-like enzymes which are partially heat
sensitive may indicate a loss of information when catalytic
techniques are used. Decreased catalytic activities in tumor sera
after heat denaturation were observed in contrast to constant
catalytic activities in pregnancy sera.
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