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ABSTRACT

Monospecific antiserum to human placental alkaline phos-

phatase was purified by immunoabsorption and labeled with
horseradish peroxidase. The binding of this labeled antibody
to membrane fragments prepared from placental and tumor
tissue was measured using agarose gel filtration to separate
bound antibody. The antibody bound only to membrane frag
ments which contained placental phosphatase, and the amount
bound varied in the order ascitic fluid membrane fragments >
tumor extracts > placental extracts. Absorption of the antibody
with crude placental membranes yielded a population of anti
body which reacted with tumor tissue and pure placental en
zyme, but only slightly with placental membranes. These results
are interpreted to suggest that some antigenic sites are ex
posed in tumor tissue membranes which are not in placental
membranes.

INTRODUCTION

Human PAP3 is distinct from all other organ-specific alkaline

phosphatases in its heat stability (15), its sensitivity to inhibition
by certain amino acids (14) and peptides (11), and its immu-

nochemical reactivity (5, 39).
An enzyme which resembles the human placental enzyme,

the "Regan isoenzyme," has been found in some cancer

patients (16, 17). Several variants of this enzyme that have
been described (19, 31, 42) may suggest the predominance of
certain genetic variants in cancer patients (23), the presence
of several genes coding for similar enzymes in humans, or
some posttranslational modifications in this enzyme (4). De
tailed chemical (3, 12, 18, 20, 21) and immunochemical (9)
investigations are under way to resolve controversy on this
point.

Although the enzyme has been demonstrated to have phos-

phoprotein phosphatase activity, the actual physiological func
tion of PAP remains unknown (22). A logical objective in
studying this enzyme in cancer tissues and placentae is to
understand what role the enzyme plays in the cell and how it
differs between these tissues. Since the enzyme is localized in
the plasma membrane (6, 27, 29), the membrane-bound en

zyme is the appropriate object of study.
We were interested in studying the membrane-bound enzyme

found in human tumors and placentae, particularly since we
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had found previously (10) that membrane fragments containing
placental phosphatase can be isolated from ascites and cyst
fluids using column chromatography on agarose gels.

Although this study examines PAP, the quantitation method
using PO-Ab binding has been developed to examine other
cancer-associated membrane antigens, which may lack enzy
matic activity or have an unknown activity. Placental phospha
tase was selected for this study because its enzymatic activity
can be measured independently and correlated to the PO-Ab

binding. The rationale of this assay is that specific antibody will
bind to its antigen, and the presence of the antibody is moni
tored by the peroxidase label.

In a previous work, we demonstrated that the binding of PO-
Ab-specific for human placental phosphatase to membrane
fragments containing this enzyme could be specifically and
reproducibly measured (40). The technique used was to pre
pare membrane fragments from placentae, to suspend them in
rabbit serum by sonication, and to measure the binding of
specific PO-Ab to the membrane-associated enzyme excluded
from agarose gels. In this work, we have used the same
technique to measure the binding of this specific antibody to
membrane fragments isolated from tumor tissues and cancer
fluids. We have found that there is a significant difference
between the tumor tissue-bound enzyme and that present in
placentae in the amount of PO-Ab which can bind to the
enzyme. At least a part of this difference appears to be due to
the exposure of more antigenic sites in the tumor-derived

enzyme.

MATERIALS AND METHODS

Materials

Rabbit serum (select hemolyzed sterile) was obtained from
Pel-Freeze Biologicals, Rogers, Ark. Sephadex G-25, Sepha-
dex G-200, and Sepharose 4B were purchased from Pharma
cia Fine Chemicals, Uppsala, Sweden. Peroxidase, RZ 2.65,
was obtained from Sigma Chemical Co., St. Louis, Mo. All
other chemicals were reagent grade from Fisher Scientific Co.,
Pittsburgh, Pa.

Human placentae were obtained from the obstetrical service
of Forsyth Memorial Hospital, Winston-Salem, N. C. Human
tumor tissues were surgical specimens; tumors, ascites fluids,
and cyst fluids were obtained from the gynecological oncology
service of the North Carolina Baptist Hospital. Table 1 gives
the histological diagnoses for ovarian and endometrial tumors
included in this study.

Methods

Preparation of HMW-PAP from Solid Tissues. Tumors and
placentae were processed by the procedure described previ
ously (40).
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Table 1

Histological diagnoses of the malignant ovarian and endometrial tumors
included in this study

Patient Histological diagnosis

D. M. A. Poorly differentiated serous cystadenocarcinoma
H. A. B. Poorly differentiated adenocarcinoma
O. L. H. Poorly differentiated serous cystadenocarcinoma
E. D. K. Poorly differentiated serous cystadenocarcinoma
L. F. Moderately differentiated papillary serous cystadenocarcinoma
C. H. Moderately differentiated papillary serous cystadenocarcinoma
A. A. K. Poorly differentiated papillary adenocarcinoma
M. B. K. Moderately to poorly differentiated papillary serous adenocarci

noma
V. J. T. Moderately to poorly differentiated papillary adenocarcinoma
R. B. V. Moderately differentiated papillary adenocarcinoma
A. B. P. Moderately differentiated clear cell carcinoma
M. J. S. Clear cell adenocarcinoma
B. E. H. Endoderma! sinus tumor, clear cell adenocarcinoma
N. E. S. Undifferentiated granulosa cell tumor
M. L. Well-differentiated mixed endometrial mucinous cystadenocarci

noma
L. A. Anaplastic carcinoma
E. H. Well-differentiated adenocarcinoma of endometrium

Preparation of HMW-PAP from Ascites and Cyst Fluids.
Fluids were centrifugea at 27,000 x gmaxfor 30 min, and the
supernatant was applied to a Sepharose 4B column (4 x 48
cm). The excluded peak fractions were pooled and centrifuged
at 150,000 x gmaxfor 60 min. The supernatant was discarded
and the pellet was washed twice with 10 HIM Tris-acetate-
buffered saline (0.9% NaCI), pH 7.6, and recentrifuged. The
pellet was suspended in rabbit serum, sonicated for 60 sec in
15-sec bursts with a Heat Systems W140 sonicator (Setting

4), and centrifuged at 150,000 x gmaxfor 60 min. This super
natant was passed through a Sepharose 4B column (1.5 x 26
cm) equilibrated with rabbit serum, and the excluded fractions
were pooled (see Chart 1). Throughout this procedure, PAP
was monitored as a marker for tumor plasma membranes.

Rabbit serum was used to dilute samples, since it was able
to mimic the normal fluid environment of the membrane frag
ments but lacked the background of other human-derived
proteins. In addition, the high protein concentration and rabbit
immunoglobulin concentration of the rabbit serum helps to
prevent nonspecific PO-Ab binding.

Preparation of Purified PAP. Homogeneous human PAP
was prepared from placental tissues, as described previously
(12). Purified cancer patient PAP was purified through the
immunoabsorbent steps (12).

Preparation of Purified Antibody to PAP. Purified rabbit
antibody to PAP was prepared as previously described (40).

Peroxidase Labeling of IgG. The purified antibody was
labeled with peroxidase by a modification of the method of
Nakane and Kawaoi (30). Activated peroxidase is separated
from the reagents by passing the mixture through a Sephadex
G-25 column equilibrated with 0.05 M sodium bicarbonate.
Two different preparations of PO-Ab were used. Preparation 1
was used for data in Chart 2, Chart 3, and Table 4; Preparation
2 was used in all other studies.

Radial Immunodiffusion. Radial immunodiffusion was used
to determine the amount of immunoreactive PAP, as described
previously (8).

Assaying for the Presence of HMW-PAP. The presence of
membrane-bound placental phosphatase was measured by the
PO-Ab column chromatography technique described by Taylor

and Doellgast (40). Briefly, the technique involves incubating
membrane fragments with a subsaturating amount of peroxi-

dase-labeled anti-PAP. This level of PO-Ab was used, since it

had been shown by the Reynolds model (36) to allow the
formation of predominantly monovalent complexes of divalent
antibody with cell surface ligands. The free and membrane-
bound PO-Ab were separated on an agarose gel and the
amounts of peroxidase and enzyme were determined. Incuba
tion was for 2 hr at 37Â°,since this was found to be the optimal

incubation time.
Protein Concentrations. Protein concentrations were deter

mined by the method of Lowry ef al. (28), using a bovine serum
albumin protein standard, and were expressed as mg/ml.

Alkaline Phosphatase. Alkaline phosphatase was assayed
at pH 9.8 as described previously (12). All samples were
heated at 65Â°for 10 min and assayed in the presence of 0.1

mW bromotetramisole (41 ). The amount of PAP was determined
as fimol/mm/ml and calculated as ng/ml, dividing by the
specific activity for pure PAP [450 /imol/min/mg (12)] x 106.

Assays for Peroxidase. These were performed as previously
described (40).

Measurement of PO-Ab that Does Not Bind to Membrane-
bound PAP. The PO-Ab against PAP was absorbed against a
placental 150,000 x gmaxpellet, containing 141.6 mg protein
and 454.2 /ig PAP. PO-Ab (20.0 /xg peroxidase) was incubated
with the membrane fragment-bound enzyme for 2 hr at 37Â°.

The sample was centrifuged at 150,000 x gmaxfor 1 hr, and
the supernatant was measured for the amount of PO-Ab. The
PO-Ab in the supernatant was diluted (final concentration, 1:
100) and added to aliquots of HMW-PAP from tumors and

placentae at a dilution comparable to that for experiments
using unabsorbed PO-Ab. The binding of PO-Ab was measured

for each sample.

RESULTS

Comparison of Immunoreactivity of Enzyme Isolated from
Placentae and Tumors. Since our objective in this study was
to compare the immunoreactivity of membrane-associated PAP

from placental and tumor tissues, it was appropriate to compare
the immunoreactivity of purified enzymes from these sources.

ASCITES(ORCYST)FLUID

CENTRIFUGEAT27.000XGFOR50Â«IN'

PELLET(DISCARD) SUPERNATANT

APPLYTOSEPHAROSEIB
COLUW

EXCLUDED RETA!KD

CENTRIFUGEATISO,000XGFOR1HR

PELLET SUPERNATANT(DISCARD)

HASH2 X ylTH TR1S-ACBUFFERSALINE, fH 7.6

RESUSPHDIII RABBITSCRUTI,SONICATEANDCENTRIFUGE
AT ISO,000 XGFOR1 HR

reun SUPERWTANl

RETAIÂ«)

APPLYTOSEPHAROSEIB,EQUILIBRATED
INRABBITSERUM

EXCLUDED
(HW FRAGBENTSINRABBITSERUM)

Chart 1. Scheme for the preparation of high-molecular-weight (HMW) frag
ments from cancer fluids. Tris-Ac, Tris-acetate.
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In Table 2, we compare homogeneous FF, SS, and SD phe-

notype placental enzymes with 4 cancer patient enzyme sam
ples purified by immunoabsorption, using radial immunodiffu-

sion. The Kenzvalue (8) measures the ratio of immunoreactive
protein to enzyme activity. This ratio is identical for placental
FF and SS phenotype enzymes and the 4 tumor specimens,
within the known precision of the method (8), but the SD
phenotype appears to have somewhat less immunoreactive
enzyme protein per unit enzyme activity.

Comparison of PO-Ab Binding to HMW-PAP from Placen
tae and Tumors. To measure the binding of PO-Ab to HMW-
PAP, increasing quantities of PO-Ab (0 to 688 ng peroxidase)
were added to a constant amount of either placental HMW-
PAP (containing 120 ng PAP) or tumor HMW-PAP (containing
108 ng PAP). The amount of PO-Ab binding to the HMW-PAP
was plotted against the amount of PO-Ab added (Chart 2). The

relationship appears to be linear for both up to 516 ng peroxi
dase, after which there is an apparent saturation of the anti-
genie binding sites. At the concentration of PO-Ab used in later
studies (172 ng), the amount of bound PO-Ab per unit of PAP

was 1.3 times greater for the tumor specimen than for the
placental specimen. This same result was obtained for a sec
ond tumor specimen (Table 3, Experiment 1). To test the
generality of this observation, a second preparation of the PO-

Ab was prepared. Its binding to tumor specimens from 11
ovarian and one endometrial cancer patients and to 5 placental
specimens was tested. Table 3, Experiment 2, summarizes this
experiment. The tumor specimens were very similar in the ratio

Table 3
Quantitation of PO-Ab bound to HMW-PAP from placental and tumor specimens

containing various levels of PAP
Experiment 1 was performed using PO-Ab Preparation 1 (172 ng peroxidase);

Experiment 2 was with PO-Ab Preparation 2 (198 ng peroxidase). Data on
placental HMW-PAP in Experiment 1 was reported in Ref. 40. Ratio of tumor to
placenta = 1.3.

SampleExperiment

1TumorsPatient

D. M.A.Patient
M. B.K.Patient
A. B.P8

placentaeExperiment

2TumorsPatient

D. M.A.Patient
M. J.S.Patient
L.F.Patient
E.H.Patient
O. L.H.Patient
R. B.V.Patient
V. J.T.Patient
C.H.Patient
B. E.H.Patient
M. B.K.Placentae8781466056HMW-PAP

(ng)133.542.00.5158.4102.948.755.2124.8138.032.5138.270.2154.6137.058.8139.8110.4128.3Bound
PO-

Ab(ng)9.83.212.89.54.24.710.711.03.011.66.313.19.73.99.56.58.0PO-Ab/PAP0.0740.0760.057

Â±0.004a0.0810.0920.0860.0850.0860.0800.0920.0860.0900.0850.086

Â±0.004a0.0710.0660.0680.0590.0620.065

Â±0.005a

Mean Â±S.D.

Table 2
Immunoquantitation of 7 different alkaline phosphatase preparations by radial

immunodiffusion
Ten ul of each sample, approximately 2.0 units/ml, were applied to the wells.

Table 4
Quantitation of PO-Ab bound to HMW-PAP derived from ascites and cyst fluids

of ovarian cancer patients
PO-Ab (172 ng) was added to each sample.

diiu uiiiubiuii was aiiuweu TOproceea Tor,SamplePlacental

enzymesFF
phenotypeSS
phenotypeSD

phenotypeTumor

enzymesPatient
C.O.Patient
M. E.L.Patient
S. A. M.

Patient E A Vi

Gays ar j/ in seaitMIDays.K"*

Patient3900

Â±3500
Â±2900
Â±3900

Â±4200
Â±3800
Â±4200

Â±300a400200400400400400A.C.E.E.E.H.L.MN.A.H.D.D.D.A.A..

L.E.aK.K.K.K.B.S.AF

9CSampleAF8CFCFAFAFAFAFCFAFr*itÂ»cf li liH'Date7/29/774/26/7810/21/7610/21/7612/6/768/28/7612/30/7711/28/762/8/77r.Fruct fluid- NnHMW-PAP

(ng)6.42.46.712.434.71.52.275.02.3nnt

rlptpr.talBound

PO-Ab

(ng)0.73ND0.761.373.59NDND7.90ND-Â¡\KPO-Ab/PAP00000.114ND.113.110.104NDND.105ND

Mean Â±S.D.

_ 3'o
X

2

â€¢o
-S

â€¢* PLAC HMW

â€¢â€¢TUMORHMW

200 400 600
PO-Ab added (ng PO)

Chart 2. Quantitation of Sepharose 4B excluded PO-Ab upon addition of
increasing increments of PO-Ab. comparing placental HMW-PAP (PLAC HMW)
(containing 120 ng PAP) and tumor HMW-PAP from patient D. M. A. (containing
108 ng PAP).

of ng PO-Ab bound per ng PAP (0.086 Â±0.004). Two tumor
specimens contained no excluded PAP and did not bind any
labeled antibody, which confirms the specificity of the assay
using this second antibody preparation. Comparison of the
placental specimens with tumor samples in both experiments
shows that the tumor HMW-PAP contains 1.3 times more
immunoreactive enzyme per unit PAP than does the placental
HMW-PAP. The mean ratio for the tumor HMW samples was

approximately 4 S.D. from the mean of the placental specimens
in both experiments.

Binding of PO-Ab to HMW-PAP from Cancer Fluids. We
also determined the binding t>f PO-Ab to HMW-PAP isolated

from ascites and cyst fluids. As seen in Table 4, by comparison
with the tumor membrane fragments, those present in cancer
fluids which have PAP present bound more labeled antibody
than either the placental sample or the tumor samples; the
mean was 0.109 Â±0.005 for the 5 positive samples. Again, no
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PO-Ab bound to fluid-derived membrane fragments which did
not contain placental-type phosphatase.

Inhibition of PO-Ab Binding by Soluble PAP. The ability to
inhibit the binding of PO-Ab to HMW-PAP was examined using
pure PAP. In this experiment, 172 ng PO-Ab was used and a
constant amount of placental HMW-PAP (120 ng PAP) or tumor
HMW-PAP from Patient D. M. A. (116 ng PAP). Soluble PAP
was added at concentrations from 0 to 240 ng. The percentage
of inhibition was determined and was plotted against the
amount of soluble PAP added (Chart 3). Inhibition curves were
superimposable for the placental and tumor enzymes.

Preparation of PO-Ab which Does Not Bind to Placental
Membrane Fragments. Since more of the PO-Ab preparation
appears to be able to bind to tumor membranes than to pla
cental membranes, it is possible that: (a) the enzyme in tumors
has lower catalytic activity but equal immunoreactivity; (b) the
antibody binds more avidly to the membrane-bound tumor
enzyme; and (c) more antigenic sites are exposed on the
enzyme bound to tumor membrane.

The first appears to be excluded by the results in Table 2.
There appear to be some differences in the amount of immu-

noreactive enzyme from the various sources; however, these
differences are small. The second possibility appears to be

IOO

o

CD 50
X

o=PLAC HMW

D =TUMOR HMW

OO 20O

Soluble PAP added (ng)
Chart 3. Inhibition of PO-Ab binding to high-molecular-weight (HMW) frag

ments from placenta (PLAC) (containing 120 ng PAP) and tumor (containing 116
ng PAP).

Table 5
Quantitation of PO-Ab bound to HMW-PAP with different tumor and placental
samples containing various levels of PAP. using PO-Ab absorbed against a

placental 150,000 x gmâ€žxpeHef

SampleTumorsPatient

D. M.A.Patient
M. J.S.Patient
L.F.Patient
E.H.Patient
O. L.H.Patient
R. B.V.Patient
V. J.T.Patient
C.H.Patient
B. E.H.Patient
M. B.K.Placentae8781466056HMW-PAP

(ng)158.4102.948.755.2124.8138.032.5138.270.2154.6137.058.8139.8110.4128.3Bound
PO-

Ab(ng)1.210.890.280.321.041.050.190.870.581.310.18ND"0.220.100.09PO-Ab/PAP0.00760.00860.00570.00580.00830.00760.00580.00630.00820.00850.0072

Â±0.0012a0.00130.00160.00090.00070.0009

Â±0.0006a

Mean Â±S.D.
1ND, not detectable.

excluded by the equal competition of soluble enzyme with the
membrane-associated enzyme from both sources (Chart 3).

The third possibility suggests that antigenic sites are exposed
on the tumor membrane which are not in the placental mem
brane preparation. To test for this possibility, we absorbed a
preparation of PO-Ab with a placental-derived 150,000 x gmax
pellet and tested binding of the absorbed PO-Ab to both tumor

and placental membrane fragments (Table 3). The absorbed
PO-Ab preparation was diluted so that its concentration was
comparable with earlier studies using unabsorbed PO-Ab. If

there are immunoreactive sites available on the tumor mem
brane fragments which are not present on the placental mem
brane, then it would be expected that some of the PO-Ab

recovered from the supernatant after absorption would still be
able to bind to the tumor membrane preparations but not to the
placental membranes. This was found to be the case, as seen
in Table 5. Some PO-Ab could still bind to several placental

samples, but the amounts bound were consistently lower than
the amounts bound to tumor specimens; the ratio of PO-Ab

bound to tumor and placental samples was 8.0 for the absorbed
antisera, compared with 1.3 for the unabsorbed antisera. This
suggests that these are antigenic sites on the enzyme which
are more exposed in the tumor membrane preparations than in
the placental membrane. This could account for part of the
difference between the amount of PO-Ab which these 2 types
of membrane-bound enzyme can bind.

DISCUSSION

In this work, we have measured the binding of PO-Ab specific

for human PAP to membrane fragments prepared from placen
tal and tumor tissue and cancer fluids. The binding of PO-Ab
to PAP was used as a specific "probe" of the exposure of

antigenic sites on the membrane-bound enzyme. The separa
tion of the bound and unbound PO-Ab was accomplished by

agarose gel filtration, which we demonstrated in a previous
study (40), was an effective technique for determining the
amount of enzyme "exposed" on these membrane fragments

from placentae. The present study was undertaken to compare
the binding of specific antibody to normal (placental) and
neoplastic tissues.

As we found for placental membrane fragments (40), the
amount of PO-Ab which binds to tumor tissue fragments is
proportional to the amount of placental-type phosphatase in
these fragments. The membranes of tumor origin bound signif
icantly more PO-Ab than did the placental membranes, as
shown in Table 3. This is possibly due to either of 2 factors: (a)
the normal exposure of additional phosphatase antigenic de
terminants in the tumor membranes (Table 5); and (b) labile
structural differences in the plasma membrane.

We recognize that the preparation of membranes by the
above procedure will probably result in alterations in the mi-
croenvironment of the membrane-bound enzyme. If this is
responsible for the difference between the placental and tumor
membranes, the sensitivity to such alteration is significantly
different for these 2 tissues. Thus, we have determined that
there is a measurable difference between the tumor and pla
cental membrane-bound enzyme. It is likely either that the

enzyme is more exposed in the cancer cell membrane or that
it is more susceptible to becoming exposed when these frag
ments are prepared. It is worth noting that the steps in prepa-
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ration of these membranes are less chemically destructive than
the several fixation steps needed for tissue preparation in
Â¡mmunohistochemical studies.

Several investigators have noted that tumor cells are capable
of "shedding" soluble antigens (1, 2, 25, 26, 33, 34) and

fragments of the plasma membrane (7, 13, 24, 32, 35, 37, 38).
Our study of membrane fragments in the peritoneal fluids and
cyst fluids of ovarian cancer patients therefore has a broader
context. The presence of membrane fragments in the fluids of
these cancer patients could provide a mechanism for escaping
immunological destruction by "competing" with the tumor for

the host immune responses. This could occur by blocking
cytotoxic T-lymphocytes, macrophages, and antibodies. Raz
et al. (35), for example, demonstrated that membrane frag
ments are capable of specifically inhibiting the association of
macrophages with rat YAC lymphoma tumor cells.

Our study of the specific antigen, PAP, was appropriate as
a general model of membrane-associated antigens. There are
advantages in studying this antigen, since it is possible to
measure its concentration accurately by enzyme assay, it is an
integral membrane protein, and it is generally present on the
plasma membrane. We have commonly found it to be present
in the cyst and ascites fluids of ovarian cancer patients, largely
in the form of "membrane framents;" thus, it is representative
of other antigens which may be "shed" into the peripheral

circulation.
In this study, we found that the membrane fragments re

leased by the tumor and found in cyst fluids and ascites fluids
have significantly more reactivity with specific labeled antibod
ies than do membrane fragments prepared from tumor tissue
of the same patient. If this is true for membrane antigens in
general, it would suggest that the release of membrane frag
ments from tumors maybe related to "blocking" of the immune

response. The fragments could bind to specific cytotoxic cells
or antibodies more strongly than the original tumor. If large
amounts of tumor cell membrane are released as disease
progresses which can compete for cytotoxic activities, this
could have a significant impact on the outcome of the disease.
Studies are currently under way in our laboratory to determine
whether other tumor-associated antigens can be found on

these membrane fragments.
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