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The incidence and histologic characteristics of the ex-
pression of placental alkaline phosphatase (PLAP) in
ovarian tumors was compared with that of five other
tumor antigens. Three monoclonal antibodies were
used for the specific localization of PLAP. PLAP was
present in some sex cord cells of the 13 -16-week fetal
ovary, probably germ cells. In normal ovaries, all anti-
gens except carcinoembryonic antigen (CEA) were
frequently found in inclusion cysts; the germinal epi-
thelium was positive only for cancer antigen 125 (CA
125). The frequency and extent of PLAP expression in

nonmucinous carcinomas was higher than observed
for CA 19-9 and CEA, but was lower than for CA 125
and human milk fat globule antigen. Serous tumors
had the highest PLAP expression, followed by endo-
metrioid and poorly differentiated adenocarcinomas,
and some other tumors. PLAP was predominantly
membranous; its histologic distribution was in general
heterogeneous. Different antibodies to PLAP gave dif-
ferent staining intensities in some tumors, but the
staining patterns were always qualitatively identical.
(Am J Pathol 1987, 126:230-242)

AN INTERESTING application of hybridoma tech-
nology as a tool in cancer research consists in the
production of specific monoclonal antibodies against
tumor specific substances called “tumor markers”
and the use of these antibodies in tumor immuno-
scintigraphy and immunotherapy of metastatic dis-
ease. For this purpose, a marker substance should be
expressed in sufficient amounts by malignant cells
only and preferably by all malignant cells in a tumor,
including its metastases, and it should be located on
the cell surface. Unfortunately, several studies have
revealed that malignant tumors are often very hetero-
geneous in the expression of tumor-associated
antigens.'~> This problem might be significantly re-
duced, however, by the combined use of monoclonal
antibodies against different markers, provided that
their histologic distribution is at least partially differ-
ent. Inmunohistology is a useful tool for investigating
those features.

Using monoclonal antibodies, we have compared

on adjacent sections the histochemical distribution of
six tumor-associated antigens that are more or less of
interest in ovarian cancer. Different types of malig-
nant and benign ovarian tumors and the normal adult
and fetal ovary and reproductive tract were studied.
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Placental alkaline phosphatase (PLAP; EC 3.1.3.1.)is
frequently expressed by malignant ovarian neo-
plasms.*®7 It is essential to use monoclonal antibod-
ies for its specific localization, because all other
methods suffer from interference with other nontu-
mor specific isoenzymes of alkaline phosphatase
present in these tissues. HMFG 1 and HMFG 2 are
monoclonal antibodies directed against human milk
fat globule membrane components and have been
used for tumor immunoscintigraphy and radioim-
munotherapy of ovarian cancer.® The other tumor-
associated antigens investigated were cancer antigen
125 (CA 125),%!9 CA 19-9,!! which is identical to sia-
losyl-Lewis?, '>!3 and carcinoembryonic antigen
(CEA).

Materials and Methods
Materials

3-Amino-9-ethylcarbazole, poly-L-lysine (molec-
ular weight >300,000), nitroblue tetrazolium, and
trypsin (Type IlIs, 11,700 units/mg) were obtained
from Sigma Chemical Co., St. Louis, Missouri; bio-
tinylated horse anti-mouse immunoglobulin serum,
avidin, and biotinylated horseradish peroxidase were
obtained from Vector Laboratories, Inc., Burlin-
game, California; L-p-bromotetramisole was ob-
tained from Janssen Chimica, Beerse, Belgium; 5-
bromo-4-chloro-3-indoxylphosphate-p-toluidine salt
was obtained from Serva Feinbiochemica GmbH,
Heidelberg, Federal Republic of Germany; low-melt-
ing-point (49 C) paraffin was obtained from BDH
Chemicals Ltd., Poole, United Kingdom.

Tissues

The study comprises 54 malignant, 6 borderline,
and 31 benign ovarian tumors; 23 normal ovaries (age
ranging from 17 to 74 years); 7 normal oviducts; and 2
normal endometrium samples. All tissues were surgi-
cal biopsies. Fetal tissues between 11 and 16 weeks of
gestation were obtained from intact fetuses after pros-
taglandin-induced expulsion. They included 4 fetal
ovaries, oviducts, and uteri (13,14,14, and 16 weeks of
gestation) and 2 fetal testes (11 and 14 weeks of gesta-
tion). The samples were processed for histologic ex-
amination within 2 hours after receipt. Prior to fixa-
tion, the tissues were cut into 1.5-mm-thick slices.

Immunohistochemical Localization of PLAP, CA
125, HMFG, CA 19-9 and CEA

The immunohistochemical staining procedures for
CA 125, HMFG, CA 19-9, and CEA are the same as
described previously for PLAP.* Briefly, the tissues
were fixed for 1.5 hours in buffered 4% formaldehyde
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(0.1 M sodium cacodylate buffer, pH 7.4, containing
1% CaCl,) and were embedded in Paraplast or in low-
melting-point paraffin. Adjacent 4-u sections were
mounted on poly-L-lysine-coated slides (0.1 mg/ml),
treated with trypsin; and binding of the monoclonal
antibodies was revealed by an indirect avidin-
biotin - peroxidase method. Staining for peroxidase
was performed with 3-amino-9-ethyl carbazole. For
the localization of PLAP, three specific monoclonal
antibodies were used: 17E3'* and E6'5 culture super-
natant diluted 1/50, and purified H17E2'¢ diluted
1/3000. The other monoclonal antibodies were OC
125 for CA 125.° ascitic fluid diluted 1/3000; HMFG
1 and HMFG 2 for HMFG,!” culture supernatants
diluted 1/50; 1116 NS 19-9 for CA 19-9,!! culture
supernatant diluted 1/20; purified antibody to CEA
from Hybritech (Lot No. 360791) diluted 1/100,000.
The sections were counterstained with methyl green
and were mounted in glycerin-gelatin.

No difference could be found between tissues em-
bedded in Paraplast or in low-melting-point paraffin.
Treatment with trypsin yielded significantly stronger
and more consistent staining with each of the eight
monoclonal antibodies. Negative control staining
was performed on adjacent sections with a monoclo-
nal antibody of irrelevant specificity or normal mouse
serum. Full-term placenta, a colon carcinoma, a
mammary carcinoma, and an ovarian carcinoma,
processed in identical ways, were used as positive
controls for PLAP, CEA, HMFG, and CA 125 stain-
ing, respectively.

Conclusions on the immunohistochemical staining
intensities for PLAP, obtained with the monoclonal
antibodies 17E3, E6, and H17E2, are based on at least
two separate staining experiments in which the three
antibodies were used on adjacent sections.

Histochemical Localization of Nonspecific Alkaline
Phosphatase (NSAP)

Paraffin sections adjacent to those for the immuno-
histochemical demonstration of PLAP were used to
localize NSAP with 5-bromo-4-chloro-3-indoxyl-
phosphate-p-toluidine salt as the substrate and nitro
blue tetrazolium as the capturing agent.'® Histochem-
ical inhibition studies were performed as described
previously'? by adding 1 mM L-p-bromotetramisole?®
to the incubation mixture. The sections were coun-
terstained with methyl green and mounted in
glycerin —gelatin.

Routine Histology

Adjacent sections were stained either with Carazzi’s
hematoxylin and eosin or with Masson’s trichrome.
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Results

In the fetal ovaries of 13- 16 weeks’ gestation, the
surface epithelium was negative for all antigens. In
contrast, strong PLAP staining was found, irrespec-
tive of the monoclonal antibody used, in a substantial
number of cells localized in the cortical sex cords. The
number of positive cells decreased from the periphery
to the center of the organ (Figure 1B). Staining for
NSAP was stronger, and almost all sex cord cells were
positive (Figure 1A). L-p-Bromotetramisole nearly
abolished NSAP staining, except for a weak staining
in some cells, the number and position of which was
identical to that of the PLAP immunohistochemi-
cally positive cells. A few sex cord cells contained CA
19-9 staining. No staining for CA 125, HMFG 1,
HMFG 2, or CEA could be observed. In comparison,
Figure 2A and B illustrates the distribution of NSAP
and PLAP, respectively, in a 14-week fetal testis.
PLAP staining was found in a limited number of tu-
bular cells with either of the three monoclonal anti-
bodies. More tubular cells were positive for NSAP,
and NSAP staining was also seen intracellularly in
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Figure 1— Fourteen-week fetal ovary.

testis.
H17E2). (A and B, X210)

d i A—NSAP staining (arrows indicate primary oocytes).
oogonia (antibody 17E3). The surface epithelium is negative for NSAP and PLAP. (A and B, adjacent sections, X21 0)
A—NSAP staining (arrows indicate intracellular NSAP staining in some interstitial cells).
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some interstitial cells. The number of PLAP-express-
ing cells in the fetal testis is significantly smaller than
in the ovary of comparable age.

Positive NSAP staining on the apical plasma mem-
brane of the epithelial cells lining the 13- 14-week
fetal oviduct and uterus was abolished in the presence
of L-p-bromotetramisole. PLAP immunostaining
was absent. The oviduct was positive for CA 125 and
HMFG 1 and 2; scarce staining was also found for CA
19-9. The fetal uterus was positive only for HMFG 1.
PLAP was found on the apical plasma membrane of
the 11 - 16-week chorionic trophoblast, but only a few
of the villi showed positive staining. All other fetal
tissues were negative for PLAP.

In 23 adult normal ovaries, relicts of the surface
epithelium, present in 75% of them were sometimes
(47%) positively stained for CA 125 (Figure 3A).
HMFG was present only in 1 case; the other antigens
were always absent. Local invaginations (Figure 3C
and D) and proliferations (Figure 3B) of the germinal
epithelium, present in 8 (35%) and 5 (22%) ovaries,
respectively, were frequently positive for CA 125
(83% and 90%, respectively). Germinal inclusion

B— PLAP staining in some sex cord oélls. probébly
Figure 2 —Fourteen-week fetal
B—PLAP staining in some tubular cells (antibody
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cysts were sometimes positive for NSAP (8/16 [50%)]),
PLAP (10/23 [44%)], Figure 4B), HMFG 1 (7/19
[37%]), HMFG 2 (9/16 [56%]), and CA 19-9 (14/21
[67%], Figure 4C). They were nearly always positive
for CA 125 (14/15 [93%], Figure 4A). In contrast,
CEA was absent in all of 15 inclusion cysts. Expres-
sion of the different antigens in these cysts was inde-
pendant. Some NSAP-containing inclusion cysts
were negative for PLAP. Staining for PLAP, HMFG
1, CA 125, and CA 19-9 was localized on the apical
plasma membrane of the epithelial cells and in the
content of the inclusion cysts. Staining for HMFG 2
was also cytoplasmic. The lining epithelium was in
general homogeneous in the expression of the
markers (Figure 4A and B), but a pronounced cellular
heterogeneity was also observed occasionally (eg, Fig-
ure 4C). Primary and growing follicles, observed in 6
premenopausal ovaries, were frequently positive only
for CA 19-9 (Figure 5A and B). The zona pellucida of
mature vesicular follicles found in two ovaries was
also positive (Figure 5C). All other constituents of
normal pre- and postmenopausal ovaries were nega-
tive for all antigens. The normal adult peritoneal me-
sothelium was positively stained only for CA 125.

In the normal tubal epithelium, the distribution of
the different markers was roughly similar to that
found in the borderline and malignant serous tumors,
although CA 125 was more heterogenously distrib-
uted (grading, 2-4). The immunohistochemical
grading was 2 -3 for PLAP, 2-4 for HMFG 1, 3-~4 for
HMFG 2, and 1-2 for CA 19-9; CEA was absent. One
of 7 samples was negative for PLAP, and another
lacked CA 19-9 staining. Normal endometrial glands
were uniformly stained for CA 125, HMFG 1, and
HMFG 2 and scarcely for CA 19-9. PLAP and CEA
staining were absent.

Table 1 shows the histopathologic tumor identifi-
cation and grade, the histochemical grading for
NSAP, and the immunohistochemical grading for
PLAP (using the antibodies 17E3, E6, and H17E2),
CA 125, HMFG 1 and 2, CEA, and CA 19-9 for the
malignant tumors. NSAP staining in the tumoral
stroma and small blood vessels was omitted in the
histochemical grading. Table 2 summarizes the re-
sults for the borderline and benign ovarian tumors.

In the group of benign tumors, PLAP and CEA had
the lowest frequency of positivity (26% for both),
PLAP being present in some serous tumors and cysts,
CEA being present in some mucinous tumors and
teratomas. CA 125, HMFG 1 and 2, and CA 19-9
positive staining occurred with a frequency of approx-
imately 60% in all common types of benign tumors.
Figure 7 illustrates the staining pattern for HMFG 2
in a dermoid cyst.
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Each of the five borderline serous cystadenomas
contained staining for PLAP, CA 125, HMFG 1 and
2, and CA 19-9; only one was scarcely positive for
CEA. An example of the comparative distribution of
the different antigens is shown in Figure 6. The scarce
CEA positivity in this tumor was restricted to cells
that did not stain for PLAP.

Among the malignant tumors, serous adenocarci-
nomas had the highest incidence of PLAP-positive
staining (85%), followed by endometrioid and poorly
differentiated adenocarcinomas (57%) and granulosa
cell tumors. Mucinous carcinomas and some other
less frequent tumor types were negative. However, in
the first group, only 35% of the tumors showed PLAP
staining in more than half of the cells. The overall
frequency of PLAP was 60%. PLAP expression in
Grade 1 and Grade 1 -2 papillary serous (cyst)adeno-
carcinomas was comparable to that in borderline
serous tumors but was slightly higher than in Grade
2-3 and Grade 3 serous adenocarcinomas. Compari-
son of PLAP staining patterns obtained with the three
monoclonal antibodies reveals that although the pat-
terns were always qualitatively identical, different
staining intensities were found with each of these anti-
bodies in some tumors. The histochemical staining
patterns for NSAP, obtained in the presence of L-p-
bromotetramisole (a specific inhibitor for liver-bone-
kidney type alkaline phosphatase), were more hetero-
geneous than those obtained in the absence of
inhibitor and were similar to the immunohistochemi-
cal patterns revealed by each of the anti-PLAP mono-
clonal antibodies (Figure 11). Many tumors also con-
tained a substantial number of malignant cells lacking
NSAP staining. CEA was found in all different tumor
types, except in the granulosa-cell tumors, the clear-
cell carcinomas, the dysgerminoma, and some other
rare types. It was predominantly localized on the
plasma membranes, and staining was, in general,
scarce. The overall frequency of CEA-positive stain-
ing was 37%. CA 125, HMFG 1 and 2, and CA 19-9
were present in all major tumor types, with an overall
frequency of 81%, 89%, 92%, and 60%, respectively.
HMFG 1 had a slightly more heterogeneous expres-
sion than HMFG 2. The latter was, in general, not
only membranous but also cytoplasmic. All antigens
had a different histologic distribution, both within
single and between different tumors. Some typical
examples of the staining patterns are given in Figures
8-12.

Discussion

The use of PLAP as a serologic marker for ovarian
cancer, compared with CA 125 and CEA, has been
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Table 1— Histochemical Grading* for NSAP and Immunohistochemical Grading for PLAP, CA 125, HMFG 1, HMFG 2, CEA, and CA
19-9 in Malignant Ovarian Tumors

No. Gradet Histopathology NASP PLAP CA125 HMFG1 HMFG2 CEA CA199
1 1 Papillary serous cystadenocarcinoma 4-a 4-a 3-a 3-a 4-a 2-a 3-a
2 1 Papillary serous cystadenocarcinoma 2-a 2-a 4-a 2-a 4-c 3-a 2-a
3 1 Papillary serous cystadenocarcinoma 2-a 2-a 4-a 3-am 3-a 0 0
4 1 Papillary serous cystadenocarcinoma 4-a 4-a 4-a 2-a 3¢ 0 2-a
5 1 Papillary serous cystadenocarcinoma 2-a 2-ac 2-a 2-a 2-a 2ca 3-ac
6 1 Papillary serous cystadenocarcinoma 3-ma 2-m 3-m 4-a 4-ac 0 0
7 1 Papillary serous cystadenocarcinoma 3-a 3-a 4-a 3-a 4-ac 0 1-a
8 1 Papillary serous cystadenocarcinoma 0 0 4-a 2-a 4-a 0 0
9 1-2 Papillary serous cystadenocarcinoma 3-ma 3-m 4-m 4-ac 4-ac 1-a 0

10 1-2 Papillary serous cystadenocarcinoma 4-ac 3-am 3-m 3-am 3-am 0 0
1 1-2 Papillary serous cystadenocarcinoma 3-a 2-a 4-m 4-a 4-mc 1c 2-a
12 2-3 Papillary serous cystadenocarcinoma 0 0 4-am 3-a 4-ac 0 0
13 2-3 Papillary serous cystadenocarcinoma 3-cg 0 4-am 2-ag 4-m 0 1-a
14 2-3 Papillary serous cystadenocarcinoma 3-m 3m 3-m 4-ac 4-ac 1-a 1-a
15 2-3 Papillary serous adenocarcinoma 2-m 2-m 4-mc 4-a 4-mc 0 1-am
16 3 Papillary serous adenocarcinoma 1-a 1-a 4-ac 2-a 3-m 0 0
17 3 Papillary serous cystadenocarcinoma 2-m 1-am 4-mc 4-ac 4-ca 3-a 0
18 3 Papillary serous adenocarcinoma 3-m 3-m 4-m 4-a 4-mc 1-mc 0
19 3 Papillary serous adenocarcinoma 2-ac 2-a 3-a 3-a 3-ac 0 2-a
20 3 Tubulopapillary cystadenocarcinoma 3-mc 2-a 4-mc 2-a 3-ac 3¢ 1-m
21 1 Mixed serous/mucinous cystadenocarcinoma 2-a 2-a 3-a 3-a 3-ac 2-ca 0
22 1 Endometrioid carcinoma 2-am 2-a 4-a 3-ac 3-ac 0 3-a
23 1-2 Endometrioid carcinoma 3-am 3-m 4-m 3-a 3-m 0 3-ac
24 1-2 Endometrioid carcinoma 2-a 1-a 1-a 2-a 2-a 3-a 2-a
25 2 Endometroid carcinoma 3-am 2-a 4-ac 4-ac 4-ca 0 0
26 3 Endometrioid carcinoma 4-ma 0 2ca 3-ag 3-mc 0 0
27 3 Endometrioid carcinoma 0 0 0 2-m 3-mc 0 0
28 3 Endometrioid carcinoma 2-am 0 4-m 4-a 4-ac 0 1-m
29 3 Adenocarcinoma 1-ma 1-a 1-a 2-a 2-a 0 0
30 3 Adenocarcinoma 3-m 2 4-m 3-ac 4-mc 1 1-m
31 3 Adenocarcinoma 3-am 3-am 3-ma 3-ag 4-ac 2-ca 2-a
32 3 Adenocarcinoma 0 0 4-am 3-ag 4-ac 1-m 0
33 3 Adenocarcinoma 0 0 2-a 3-mc 4c 0 2-a
34 3 Adenocarcinoma 3-am 2-m 3-ma 4-ac 4-mc 0 1-m
35 3 Adenocarcinoma 3-m 0 4-m 4-mc 4-mc 0 1-mg
36 1 Clear-cell carcinoma 0 0 3-a 4-a 4-m 0 2-a
37 1 Clear-cell carcinoma 0 0 1-a 3-a 2-a 0 0
38 1 Mucinous cystadenocarcinoma 0 0 1-a 2-ac 3-a 3-a 2-a
39 1-2 Mucinous cystadenocarcinoma 0 0 0 3-ac 3-ac 0 1-c
40 1-2 Mugcinous cystadenocarcinoma 3-a 0 0 0 2-ca 3-a 2-ca
41 2-3 Mucinous cystadenocarcinoma 0 0 0 0 0 4-ac 4-m
42 2 Granulosa-cell tumor 2-am 1-m 3-a 4-ac 3-ac 0 2-m
43 3 Granulosa-cell tumor 2-ma 1-am 4-m 4-a 4-ac 0 1-m
44 3 Granulosa-cell tumor 0 0 0 0 0 0 0
45 Monodermal teratoma struma ovarii/carcinoid 0 0 0 2-a 2-a 0 1-a
46 Epidermoid carcinoma 3-am 2-a 4-ac 4-a 4-ac 2 0
47 Mixed homologous Miillerian sarcoma 3-m 3-m 4-m 4-am 4-mc 3-m 3-m
48 Mixed heterologous Milllerian sarcoma 3-m 0 2-a 4-a 3-cm 0 1-a
49 Carcinosarcoma 2-mc 0 0 4-a 2-ac 0 0
50 Sarcoma 0 0 0 0 0 0 0
51 Sarcoma 0 0 0 0 0 0 0
52 Sarcoma 0 0 0 0 1-m 0 0
53 Sarcoma 3¢ 0 0 0 2c 0 0
54 3 Dysgerminoma 3-mc 3-m 0 0 0 0 1-m

*Number indicates histologic distribution (% positive cells): 1, scarce (<5%}); 2, focal (5- <50%}); 3, predominant (50— <90%); 4, uniform (30 -100%). Letter
code indicates cellular localization: ¢, diffuse cytoplasmic; g, intracellular granules; a, apical plasma membrane; m, plasma membranes.
1Grades: 1, well-differentiated; 2, moderately well differentiated; 3, poorly differentiated.

Figure 3 — Normal postmenopausal ovaries. A—CA 125 staining in normal germinal epithelium. B— CA 125 staining in local proliferations of the
germinal epithelium. C and D— CA 125 staining in invaginations of the germinal epithelium. (A, X 262; B, X164; C, X210; D, X164) Figure 4 —Normal
postmenopausal ovaries. A —CA 125 staining in a germinal inclusion cyst. B —PLAP staining in the same cyst. C — CA 19-9 staining in a germinal
inclusion cyst. (A and B, X210; C, X131)  Figure 5—Normal premenopausal ovaries. =~ A—CA 19-9 staining in primary folicles. = B—CA 19-9
staining in zona pellucida of a mature vesicular follicle. (A, X164; B, X265)



236 NOUWEN ET AL

AJP o February 1987

Table 2— Histochemical Staining for NSAP and Immunohistochemical Staining for PLAP, CA 125, HMFG 1, HMFG 2, CEA, and CA

19-9 in Borderline and Benign Ovarian Tumors

No. positive for

NSAP PLAP

Histopathology N

CA125 HMFG1 HMFG2 CEA CA 199

Borderiine tumors
(Papillary) serous cystadenoma
Mucinous cystadenoma
Benign tumors
Serous cystadenofibroma
Serous/mucinous cystadenoma
Serous cyst
Endometriosis
Fibroma
Mugcinous cystadenoma
Dermoid cyst
Immature teratoma
Cystic teratoma
Granulosa lutein cyst
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documented previously.*#2!-23 In this paper the ex-
pression of PLAP in the major histologic types ofma-
lignant and benign ovarian tumors and in different
fetal tissues, including the male and female gonads, is
described with the use of three different monoclonal
antibodies and is compared with that of five other
markers which are of some interest in ovarian cancer.
All antigens studied except CEA are more or less
frequently found in normal ovaries, but their expres-
sion is always very limited, and their distribution pat-
terns are not identical. Positive CA 125 staining in
normal ovaries is in contrast to available data,'%2* but
is probably related to the presence of this antigen in
the normal peritoneal and pleural'® mesothelium.
PLAP can be considered as a real oncofetal marker
for the ovary because it is the only one of the six sub-
stances investigated having a significant expression in
the 13- 16-week fetal ovary, and the ovary is the only
female fetal organ expressing PLAP, apart from the
chorion. It is difficult to determine on morphologic
grounds whether the PLAP-positive cells are somatic
sex cord cells and/or germ cells, more in particular,
oogonia. The clearly recognizable large primary oo-
cytes and the mesenchymal cells are negative. Like-
wise, in the fetal testis, the PLAP-expressing tubular
cells might be germ cells and/or primitive Sertoli cells.
However, the expression of PLAP by the dysgermin-
oma and the observations that seminomas and em-
bryonic carcinomas?>2¢ and primary intracranial
germ cell tumors?’ also express PLAP frequently, sug-
gest that the PLAP-expressing cells in the fetal ovary
and testis are probably germ cells. Moreover, the

greater tendency of peripherally localized fetal ovar-
ian cells to express PLAP parallels the mitotic activity
of the germ cells, which decreases from the periphery
toward the center of the organ, suggesting that PLAP
expression is a property of the less differentiated germ
cells. The absence of PLAP in primary oocytes and in
the ovum of primary, growing, and mature vesicular
adult follicles is also consistent with this.

On the other hand, approximately 90% of the ma-
lignant ovarian tumors that develop in adults do not
originate from germ cells, but instead are thought to
arize from modified peritoneal mesothelial cells cov-
ering the surface of the ovary or lining germinal inclu-
sion cysts.?%?° Nevertheless, several of these tumor
types express PLAP frequently, as also reported by
others.®” Although neither the adult nor the fetal
ovarian surface epithelium produce PLAP, its fre-
quent expression by germinal inclusion cysts indi-
cates that this epithelium has a strong potentiality to
produce PLAP under certain conditions. The expres-
sion of the other tumor-associated antigens in ger-
minal inclusion cysts adds further evidence in favor of
the germinal epithelial origin of ovarian carcinomas.
On the other hand, only a few normal epithelia pro-
duce PLAP in varying amounts, ie, the glandular en-
docervical epithelium, the tubal epithelium,3! and
the respiratory epithelium.!? The former two are em-
bryonically related to the ovarian surface epithelium,
because they develop from the miillerian duct. This
relationship is also reflected by the observations that
benign, borderline, and malignant ovarian tumors
with a clearly recognizable serous, ie, tubal, differen-

Figure 6 —Borderline papillary serous cystadenoma (Tumor 55).
staining. D—CA 19-9 staining. E—PLARP staining (antibody E6).
E -G, adjacent sections, X210)
surface epithelium. (X105)

A—PLAP staining (antibody 17E3).
F — CEA staining.
Figure 7— Dermoid cyst (Tumor 81). HMFG 2 staining in sebaceous gland and stratum germinativum of epidermislike inner

B—HMFG 2 stainingg C—HMFG 1
G—CA 125 staining. (A-D, adjacent sections, X131;
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Figure 11 —Moderately well differentiated granulosa cell tumor (Tumor 42).
C — PLAP staining (antibody 17E3). (A-C, adjacent sections, X105)

L-p-bromotetramisole.
staining in the presence of 1 mM L-p-bromotetramisole.
surface). (A and B, X265; inset, B, X550)

tiation have the highest tendency to express PLAP,
and that the distribution patterns of the six presently
investigated markers in this category of tumors are
similar to their patterns in the normal adult oviduct.
The absence of PLAP in mucinous ovarian tumors
contrasts with its expression in endocervical goblet
cells.%3° It supports, however, the concept that vir-
tually all malignant mucinous ovarian tumors are of
the colonic, instead of the endocervical, type.?82° The
absence of PLAP in the normal endometrial glandu-
lar epithelium has also been demonstrated previously
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B—NSAP staining in the presence of 1 mM
A—NSAP
B—PLAP staining (antibody 17E3). (arrows indicate dotlike staining distribution on the cell

A—NSAP staining.
Figure 12— Dysgerminoma (Tumor 54).

by heat-inactivation experiments, but the fact that
endometrial glandulocystic hyperplasia is frequently
associated with PLAP expression (unpublished ob-
servations) again illustrates that also this miillerian
epithelium possesses, like the ovarian surface epithe-
lium, the capability to express PLAP under certain
conditions. As a result, the expression of PLAP by
different ovarian constituents after malignant trans-
formation has a double embryonic basis, ie, a ger-
minal-miillerian epithelial origin and probably also a
germ cell origin.

Figure 8 — Moderately well to poorly differentiated papillary serous adenocarcinoma (Tumor 15).
Figure 9 — Poorly differentiated adenocarcinoma (Tumor 30).

staining.
cytoplasmic HMFG 2 staining.
endometrioid carcinoma (Tumor 22).
X105)

C—HMFG 1 staining. (A - C, adjacent sections, X 105)

B—CA 19-9 staining in isolated or clustered cells. (A and B, adjacent sections, X131)
A —PLAP staining (antibody 17E3).

A—PLAP staining (antibody 17E3). = B—HMFG 2
A—Homogeneous
Figure 10— Well-differentiated

B—HMFG 1staining. = C—CA 19-9 staining. (A-C, adjacent sections,
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The use of three different monoclonal antibodies
for the localization of PLAP in tissue sections of ovar-
ian neoplasms results in virtually identical staining
patterns, probably because they all react to some ex-
tent with different variants of PLAP, despite distinct
differences in binding affinity in particular for L-leu-
cine-sensitive PLAP. In some tumors, however, sig-
nificant differences were observed in the PLAP stain-
ing intensity obtained with different antibodies, in
spite of an identical histologic distribution of the
staining. Some of these differences are due to the nor-
mal phenotypic diversity of PLAP, but other factors
may also play a role. As demonstrated previously by
heat inactivation, L-p-bromotetramisole inhibition,
electrophoretic, and immunochemical evidence,* the
affinity of some antibodies for certain ovarian cancer
associated forms of PLAP is decreased.

In all tumors PLAP staining is predominantly
membranous and in general heterogenously distrib-
uted, ranging from very scarce to uniform. The obser-
vation that the immunohistochemical patterns for
PLAP for all antibodies are qualitatively similar to the
patterns for NSAP in the presence of L-p-bromotetra-
misole, although the two methods are based on totally
different biochemical principles, proves that the ob-
served heterogeneous distribution patterns of PLAP,
as also reported by others using other monoclonals
and/or different histologic processing protocols (eg,
cryostat sections),%’ are not due to methodologic fac-
tors, but reflect the real distribution of PLAP. There-
fore, although a cocktail of monoclonal antibodies
may compensate to some extent for the biochemical
heterogeneity of PLAP in ovarian neoplasms, it will
not be able to remediate the histologic heterogeneity
of the PLAP expression. This heterogeneity occurs
also in the normal PLAP-producing tissues, eg, the
lung!® and oviduct,?' confirming that antigenic het-
erogeneity is not just a property of tumors, but of a
wide range of normal epithelia,? and that the expres-
sion of PLAP is restricted to certain stages in the cell
cycle3? and/or to certain types of cellular differentia-
tion. The observation that well-differentiated papil-
lary serous (cyst)adenocarcinomas have a slightly
higher PLAP expression than the rather poorly differ-
entiated tumors of this group is a further illustration
of this. In comparison, CA 125 expression seems to be
associated with a broader spectrum of cellular differ-
entiation, because unlike PLAP, it is produced by
undifferentiated normal adult and fetal mesothelial
cells and by their more or less specialized descend-
ants. Furthermore, all these epithelia are quite homo-
geneous in the expression of CA 125. The same is true
for HMFG, which is expressed by many different nor-
mal epithelia.? It is therefore not surprising that most
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ovarian tumors investigated are nearly homogeneous
in the expression of CA 125 and HMFG. The noni-
dentity of CA 125 and HMFG is indicated by occa-
sional discordances in their occurrence, by the more
cytoplasmic character of HMFG 2, and by their
strongly different distribution patterns in other
tumors and various normal tissues.

In our study, the frequency of CA 125 positivity in
different tumor types was even higher than reported
by others.!%3435 The only PLAP-positive tumor lack-
ing CA 125 and HMFG was a dysgerminoma, hereby
illustrating its different embryonic origin. Although
the existence of a mucinous substance containing the
CA 125 as well as the CA 19-9 determinant has been
described,?* and although CA 125 immunoreactivity
has also been observed in goblet cells of the normal
respiratory airways and respiratory mucoserous
glands,'? such a mucinous substance apparently is not
present in the ten mucinous tumors investigated here.
The presence of CA 125 in normal endocervical mu-
cosa and its absence in mucinous tumors and normal
colonic mucosa again supports the colonic type of
differentiation of these tumors. This concept is also
confirmed by their frequent CEA expression.

According to our results, CA19-9 is detectable in
82% of mucinous tumors, but also in 55% of serous
and other nonmucinous ovarian carcinomas. Its his-
tochemical distribution was in nearly all cases very
heterogeneous and often scarce. Differences between
our results and available data indicating that CA 19-9
expresswn in ovarian cancer is principally a property
of mucinous tumors®*35 may be due to differences in
tissue processing methods.

Our staining results for CEA are intermediate be-
tween available data mostly obtained with polyclonal
antisera.’-3® Because CEA belongs to a group of
closely related substances,3* differences in CEA
staining results are at least partially due to differences
in the specificity of the antibodies. The low degree of
CEA expression in epithelial ovarian neoplasms is
consistent with its absence in germinal inclusion cysts
and in normal miillerian duct-derived epithelia.

Since each of the six antigens is detectable in several
types of benign and malignant ovarian tumors, im-
muno(histo)chemical analysis for the presence of
these antigens is of no use of a differential diagnosis
but may be valuable for evaluating the opportuneness
of diagnostic or therapeutic immunotargeting. There
is also no apparent relation between the expression
and histologic distribution of the six antigens studied,
which results in a partial complementarity and over-
lapping. Of the six presently investigated tumor-asso-
ciated antigens, PLAP has the most limited expres-
sion in normal tissues.!?2333:41
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In conclusion, because a substantial number of
ovarian carcinomas contain an important number of
PLAP-expressing malignant cells, because PLAP is
predominantly localized on the surface of these cells
and because most normal tissues are negative, PLAP
may be useful as a tumor marker for ovarian cancer.
The frequent expression of PLAP by ovarian neo-
plasms has a double embryonic basis, ie, a miillerian
epithelial and probably a germ-cell one. Different
monoclonal antibodies against PLAP are unable to
overcome the histologic heterogeneity of the PLAP
expression. This should be taken into account when
one is planning PLAP-targeted immunotherapy of
ovarian cancer; and, in view of the observation that
the expression of the presently investigated markers is
largely independent, combination of anti-PLAP
monoclonals with antibodies against other specific
markers should be considered.
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