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The marker profile of 18 samples of normal
human ovarian tissues and 138 samples of their
derived tumors was established using 51 mono-
clonal antibodies directed against intermediate
filaments, ovarian carcinoma-specific antigens,
general tumor-associated antigens and MHC-I/II
antigens. Our data show that vimentin and ker-
atins 7,8,18, and 19 werefound in both epithelial
and some nonepithelial ovarian tumors. Several
tumor samples contained additional keratins 4,
10, 13, and 14, as weU as desmin. BW 495/36 and
to a lesser extent HMFG-2 were usualyfound in
aU ovarian tumors that contained simple epithe-
lial keratins, except the absence of HMFG-2 in
gonadal tumors as well as in dysgerminomas. In
contrast to the keratin antibodies, these two
panepithelial antibodies were negative in normal
mesothelial ceUs and granulosa ceUs of the ova-
rian foUicles. In general, the marker TAG-72
appeared usefulfor its discrimination between
positively stained mucinous adenomas, the ova-
rian carcinomas as well as germ ceU tumors, and
the negatively stained gonadal tumors, serous
adenomas, and cystomas. OV632 appeared use-
ful in the distinction between negatively stained
serous adenomas and positively stained serous
carcinomas. In contrast, the monoclonal antibod-
ies OC 125, OV-TL 3, OV-TL 16, andMOv 18 can be
considered as pan-ovarian carcinoma markers,
however without the discriminative capability as
seen for OV632. These ovarian carcinoma-asso-
ciated antigens were hardlyfound expressed in
gonadal and germ cell tumors, except in the

group of endodermal sinus tumors. HLA-I was
found to be expressed in almost aU nucleated
cells, although loss ofHLA-I expression was seen
in areas of tumor cells. HLA-DR was negative in
normal ovarian tissue, but heterogeneous
expression was noticed in most of the epithelial
tumors. (AmiJPathol 1993, 142:157-177)

In the Western world ovarian cancer is the most
lethal of all gynecological neoplasms and responsi-
ble for approximately 50% of all deaths resulting from
malignancies of the gynecological tract.1

Ovarian tumor histogenesis can be understood on
the basis of elements that constitute the normal
ovary, ie, the surface epithelium, the supporting
stroma, and the germ cells. During embryogenesis
the coelomic epithelium is thought to contribute to
the formation of the MOllerian duct from which the
upper genital organs develop.2 Epithelial ovarian
tumors are thought to arise from this germinal
epithelium, which consists of modified peritoneal
mesothelial cells covering the surface of the ovary.2,3
Different types of epithelial ovarian tumors can be
distinguished. The epithelium of the serous tumors
resembles the epithelium of the fallopian tube, that of
the mucinous tumors resembles the endocervical
epithelium, and the epithelium of the endometrioid
and clear cell tumors resembles that of the uterine
endometrium. The Brenner tumor resembles the
urothelium, and therefore it appears that cells of the
ovarian surface epithelium also have the potential for
differentiation along Wolffian lines.2 Among the epi-
thelial ovarian carcinomas, serous and endometrioid
cystadenocarcinomas are most frequently observed,
whereas mucinous and clear cell adenocarcinomas
are the least common.1 Sex cord-stromal tumors,
which account for less than 10% of all ovarian
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tumors, may show differentiation toward female or
male structures. Germ cell tumors (constituting 20%
of all ovarian tumors1) may proliferate as undifferen-
tiated neoplastic germ cells derived from primordial
germ cells. These tumors may develop both in the
gonads or at extra gonadal sites along the line of
migration of these cells.

Monoclonal antibodies (Mabs) specific for ovarian
cancer, and general tumor or tissue differentiation
antigens can be used in diagnostic pathology to
establish the nature of ovarian neoplasia. It is impor-
tant to distinguish the different primary ovarian
tumors, of epithelial, sex cord-stromal or germ cell
origin, because the therapeutic modalities used for
treatment of disseminated ovarian tumors differ
between the different types and different stages of
(pre)malignancy3 4 as well from that used in the
treatment of other malignancies.1 Furthermore, the
prognosis of the different ovarian tumors differs
considerably.2 The purpose of this study is to review
the specificity and sensitivity of monoclonal antibod-
ies to antigens of normal ovarian cells, ovarian tumor-
associated antigens, and general tissue markers
in immunohistochemically distinguishing ovarian
tumors and for the detection of early changes in the
transformation of normal ovarian cells to tumor cells.

Materials and Methods
Normal and neoplastic human ovarian tissue sam-
ples were obtained at the time of surgery from 156
patients. Small fresh tissue blocks were immediately
snap-frozen in liquid nitrogen and stored at -80 C.
Tissue sections (4 to 7 pm thick) were fixed in ace-
tone (10 minutes at room temperature) and used in
the immunoperoxidase technique as described
previously.5
The following antibodies were used in this study:
As antibodies against intermediate filament pro-

teins, mouse monoclonals 6B10 against keratin 46;
OV-TL 12/30 and RCK 105 against keratin 7789;
M2010, LE4110, and CAM 5.211 against keratin 8;
RKSE 6011 and DE-K1012 against keratin 10; 1C7
and 2D76 against keratin 13; LLOO1 13, LL002,10°13
and RCK 10714 against keratin 14; RGE53, RCK 106,
CK 18-2, and 2C87,10,15 against keratin 18; LP2K16
against keratin 19; the broad-spectrum keratin anti-
bodies RCK 102 against keratins 5 and 878; and
OV-TL 12/5 against keratins 5, 7, 14, 195,7 were
used. RCK 10311 is a mouse monoclonal antibody
that stains several types of glandular and squamous
epithelia and transitional epithelium. Most important
is its reaction with basal cell compartments and
myoepithelial cells. Because such cells have been

described to contain keratins 5 and 14, one of these
two proteins may be among the candidates of being
antigens for RCK 103. Besides a reaction in epithelial
cells, neural tissues are stained also by this antibody.
Vimentin was detected by RV202,811 BV1118,17
V9,18 and polyvimentin,17'19 whereas desmin was
stained by RD 301,11 polydesmin,21 and D33.22
As antibodies against cell surface antigens,

mouse monoclonals BW 495/364.23.24 against an epi-
thelial cell type 200-kd glycoprotein, antibody
HMFG-2,25 directed against a human milk fat globule
antigen, B72.3 reactive with a high molecular weight
mucin-like glycoprotein complex TAG (tumor-associ-
ated glycoprotein)-7226 and BW 431/31 5,27 directed
against a CEA epitope were used.
As antibodies against ovarian carcinoma tissues,

mouse monoclonals OV-TL 3 directed against an
ovarian carcinoma surface antigen,5'28,29 and OV-TL
10 directed against a cytoplasmic antigen, present in
about 60% of serous ovarian carcinomas5 were
used. OV-TL 15,30 OV-TL 30,30 and OV-TL 3130 were
obtained after immunizing mice with undifferentiated
human ovarian cystadenoma extract and are
directed against human ovarian carcinomas.

OV-TL 16,31 OV-TL 17,31 OV-TL 19,31 OV-TL 22,31
OV-TL 23,31 OV-TL 24,31 and OV-TL 27,31 directed
against human ovarian carcinomas, have been pre-
pared by intrasplenic immunization of ovarian tumor
derived cyst fluids.
OC 125 is directed against the CA 125 antigenic

determinant and was obtained after immunizing
mice with the OVCA 433 ovarian carcinoma cell
line.32
MOv 18 is directed against an ovarian cancer-

associated antigen, identified as a high-affinity
folate-binding protein,33 whereas OV632 is secreted
by a hybridoma cell line that was produced from
mice immunized with cyst fluid from a serous cysta-
denocarcinoma of the ovary.34

For the MHC class antigens, HLA-1 (Sera lab clone
W6-32), directed against nucleated cells was used.
The anti-HLA-DR antigen marker (Becton Dickinson
clone L-243, Etten-Leur, The Netherlands), is
directed against a human monomorphic MHC class
11 antigen (molecular mass 28 to 34 kd with haplo-
typic variation). Anti-HLA-DR does not cross-react
with HLA-DQ or HLA-DP molecules.

The immunoperoxidase reaction was arbitrarily
scored and expressed as the number of positive
cases over the total number of cases tested. Sam-
ples were considered as positive when the number
of positive cells ranged between 10% and 100% in a
section (without symbol); +/-, less than 10% positive
tumor cells; +, >10% weakly positive cells.
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Results

The immunocytochemical reactivity patterns of the
monoclonal antibodies in three groups of ovarian
tumors and the corresponding normal ovarian cells
are described below, summarized in Tables through
IlIl and depicted in Figures 1 through 5.

Germinal Epithelium and Derived Tumors

Table 1 shows that the normal surface epithelium of
the ovary and all stages of both benign and malig-
nant transformation contain the simple epithelial ker-
atins 7, 8,18, and 19 (Figure 1 A). This holds also true
for the one Brenner and two mixed Mullerian tumor
cases (results not shown). The keratin 7 antibodies
OV-TL 12/30 and RCK 105 showed an identical reac-

tivity except for one OV-TL 12/30 sporadically reac-

tive adenocarcinoma sample and one partly positive
endometrioid carcinoma sample, and matched its
keratin 19 profile, except for one keratin 19 negative
endometrioid carcinoma sample.

In the group of three keratin 8 antibodies, LE41
showed slightly immune reactivity in five samples,
whereas in the group of three keratin 18 antibodies,
2C8 scored slightly less. Both keratin 4 (one Mab)
and keratin 13 (two Mabs), being characteristic for
noncornifying stratified epithelium, were found in a

considerable number of samples of serous carcino-
mas as well as in mucinous adenomas and carcino-
mas in varying numbers of cells (Figure 1B, 1C),
without, however, histological signs of stratification.

The expression in the other groups of benign and
malignant epithelial tumors was much less
pronounced. The normal mesothelial cells were

devoid of these keratins. Strikingly in one case of a

mucinous cystadenoma, keratin 13 positive meta-
plastic cells were found.

Keratin 10 was found in cell groups within approx-

imately one-third of the mucinous tumor cases (Fig-
ure 1 D), whereas no or hardly any expression was

found in any of the other epithelial ovarian tumor
groups, nor mesothelium. To exclude aspecificity, the
RKSE 60 positive samples and three negative sam-

ples were reassessed with the antikeratin 10 mono-

clonal antibody DE-K1O and the results appeared
identical.

Keratin 14 showed an expression pattern similar to
keratin 4 and 13 in most tumor cases (Figure 1E).
Whereas LL002-defined keratin 14 was found in
more than 40% of the serous carcinomas, RCK
107 detected keratin 14 in only 1 of 16 serous

carcinomas. Both monoclonal antibodies, however
detected equally well the keratin 14 in about one-

third of the mucinous tumor groups. The presence of

keratin 14 was confirmed on all positive mucinous
tumor samples by an additional keratin 14 mono-
clonal antibody, LL001, showing identical results as
LL002. As illustrated in Figure 1 E, the latter antibod-
ies to keratins 10 and 14 showed both positive and
negative areas in several of the positive cases. On
basis of these and other finding we conclude that
these rather unexpected findings are not a result of
aspecific binding.
As expected, all samples ranging from mesothe-

lium to ovarian carcinomas reacted positively with
both broad-spectrum antikeratin Mabs (Figure 1F),
although one serous cystadenoma sample and two
endometrioid carcinoma samples showed less than
10% positive cells, whereas one serous carcinoma
sample only stained weakly positive with RCK 103.
One endometrioid carcinoma sample showed no
reactivity with the broad-spectrum keratin antibody
OV-TL 12/5.

Vimentin was found strongly positive in all
mesothelial cells, in most cystomas and serous ade-
nomas, but to a lesser extent in serous carcinomas
(Figure 1G). Half of the mucinous adenomas and
almost all mucinous carcinomas expressed vimentin
heterogeneously in up to 50% of the cells. In the
remaining group of carcinomas, vimentin expression
was scattered or focal, in more than 50% of the
samples. The presence of vimentin was again reas-
sayed in 12 positive mucinous tumor samples using
a polyclonal antibody to vimentin and two mono-
clonal antibodies, ie, BV1 118 and V9. The results did
not deviate from the data obtained with the RV202
antibody.

Desmin was found in the tumor cells of half of the
mucinous adenomas (Figure 1H), half of the muci-
nous carcinomas, and one cystoma sample. The
results of RD301 antibody were confirmed with a
polyclonal antibody to desmin and the monoclonal
antibody D33 in all 12 samples tested.

The panepithelial marker BW495/36, described
earlier 5 for its reaction in a smaller group of tumors,
as well as HMFG-2 antibody, did not react with nor-
mal mesothelial cells, and showed heterogeneous
positive and negative reactions with ovarian cysts,
and strong reactions with all adenomas and carcino-
mas (Figure 2, A and B), except for a weak
BW495/36 reactivity in metaplastic cells in one case
of a mucinous adenoma. HMFG-2 showed a weak
reactivity with one mucinous adenoma, two
endometrioid carcinomas, and a negative HMFG-2
reaction with one endometrioid carcinoma sample.

Antibody B72.3 discriminated between negative
reacting mesothelial cells, cystomas, serous ade-
nomas (Figure 2D) and positively stained serous
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Figure 1. Immuniioper)xidaseestainiing patternis of inttermediatefilaments in serous ovarian carcinomas (A, B, F, G), mucinous ovarian carcitnomas
(C, D, E), anid a nmlciniouis ovarian adenoma (H), incubated uwith monoclonial antibodies, antikeratin 7, OV-T7 12130 (A); antikeratin 4, 6B10 (B);
antikeratin 13 2D7(C); anitikeratiun 10, DE-K1O(D); ntote tbepositive statining ofthe tuimor cells (arrow); anitikeratint 14, LLOO (E), niote tbepositiive
staining (arrow) anid negative staining (asterisk) of the tutmor cells,; anitikeratinis 5+8, RCK 102 (F); antivimentin, Rl'202 (G); and antidesmin, RD
301 (H).

U

I

I
-i

I

I

I
.7

u

I
I

!



Changing Antigen Expression Patterns of Ovarian Tumors 163
AJPJanuary 1993, Vol. 142, No. 1ii1 iie. E | | ] | l | l = | i | Xik9 k | | i.','.''.'.,';.',';''' * | S | I l .' w | t:

l.Xil SS l i! ! !s
.. ^ Iz__ | n
a # X^ l,A

-:3.t?='.3XX ',?S; 2=-:=''. ,,:

X_l_syM;'X''s 0 &So
.,:._,, _G_

i D . #Yh ,.,__/ '?,.9|: * * j
*P .W",'' "

SA ,.S

'EU

G

Figure 2. Immunoperoxidase staitning pattertns for ttmor mnarkers anid HLA markers of serous ovarian carcinomas (A, B, 1), muicimiouis ovarianl
adenioma (C, G), serouis adenoma (D), mixed serous/endometrioid ovarian carcinioma (E, F), antd a clear cell carcitnoma (H), inicuibated with
panepithelial marker BW495136 (A), HMFG-2 (B), anti-TAG-72 B72..3 (C, D); antiovarian tumnor antigen OC 125 (E), OV-773 (F), OV-TL 30 (G);
anti-AHIC-I and II antigenis HLAI (H) anid HLA-DR (I).
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carcinomas. Only two (slightly) positive cystomas
were observed. The antibody did not differentiate
between positive mucinous adenomas (Figure 2C)
and mucinous carcinomas.

Because CEA was expressed heterogeneously
throughout all categories of samples, with a slightly
stronger expression in the mucinous tumors, the
marker was not considered as discriminative for any
subtype of ovarian epithelial tumors.

The tumor markers OC 125 (Figure 2E), OV-TL 3,
OV-TL 16, and MOv 18 reacted with an increasing
number of samples when going from cystomas to
ovarian carcinomas. Therefore, they can be consid-
ered as general markers for ovarian tumors of epi-
thelial origin, with increasing expression from benign
epithelial tumors to carcinomas.

Antibody MOv 18 was more sensitive than OC 125
in that it stained considerably more ovarian epithelial
tumors. Both antibodies OV-TL 3 and OV-TL 16
showed similar immunohistochemical reactivity
patterns. Mesothelial cells were stained only slightly,
whereas most of the benign and malignant ovarian
tumors were positive for both antibodies (Figure 2F).
However, the OA 3 and OA 16 antigens were also
found (weakly) expressed in most ovarian stromal
cells in contrast to OC 125 and OV632. Although
some of the remaining OV-TL antibodies showed a

low or no reactivity in the group of cystomas, most of
these markers (OA 17, 19, 22, 23, and 24) became
increasingly expressed in benign and malignant
tumors. None of the OV-TL antibodies, nor MOv 18
and OC 125, discriminated completely between
benign ovarian tumors and carcinomas (Figure 2G),
nor between any subclass of carcinomas. Interest-
ingly, the Brenner tumor was stained only by BW431/
31, OV-TL 3, OV-TL 16, OV-TL 19 and by TAG-72,
whereas OC 125, MOv 18 and in one case OV-TL 30
became expressed in the mixed Mullerian tumors.
CEA, OV-TL 3, OV-TL 16, OV-TL 10, OV-TL 19 and
OV632 were only weakly or partly expressed in the
latter tumor. Although the antibody OV632 discrimi-
nated between negative-reacting mesothelial cells,
cystomas, serous adenomas, and positively stained
serous carcinomas, it did not distinguish between
mucinous adenomas and mucinous carcinomas,
and the antibody was negative with a considerable
number of samples of endometrioid, clear cell, and
adenocarcinomas.

HLA-1 remained expressed in almost all nucleated
cells, except for one negative endometrioid and
three sporadically positive clear cell carcinoma sam-

ples (Figure 2H). Sometimes, loss of HLA-I expres-

sion was seen in foci of tumor tissue, and in a num-

ber of cases areas of negative tumor cells were

observed.

HLA-DR was not expressed in normal ovarian
mesothelilum, but was found heterogenously in most
cases of the benign and malignant samples (Figure
21), while a direct correlation with the presence of
inflammatory cells was not observed.

Gonadal Stroma and Derived Tumors

Although follicle cells are not considered primarily as

epithelial cells, keratins 8, 18, and 19 (and traces of
keratin 7, as stained with OV-TL 12/30) were found in
ovarian follicle cells, diminishing toward mature
granulosa cells in Graafian follicles and corpus
luteum. Granulosa cell tumors were generally nega-
tive for keratin, although remarkably one granulosa
cell tumor was stained with both antikeratin 7
antibodies. Scattered stromal cells in normal ovaries
were found positive with some keratin antibodies. In
one fibroma sample keratins 7, 8, 18, and 19 were
also found weakly or sporadically expressed (Table
2). Normal thecal cells were devoid of keratins, but in
some fibrothecomas expression of keratins 7, 8, 18,
and 19 was found. A similar positive keratin expres-
sion pattern was found in the granulosa-theca cell
tumor (Figure 3A), in which both cell populations
(identified by silver staining and sudan fat staining
method) appeared to contain keratins. The Sertoli-
Leydig cell tumors contained keratins 7, 8, 18, and
19 (Figure 3B), whereas strikingly, again, the Leydig
cell tumor displayed keratin 7 positivity only. No other
keratins than the simple epithelial types were found.
Vimentin was expressed in both keratin-positive and
keratin-negative normal and tumor cells. Desmin
expression remained limited to two cases of
fibroma-thecomas.

Except for the negative-reacting Leydig cell tumor,
the expression of the panepithelial BW495/36 marker
again followed the keratin expression within the
group of malignant gonadal tumors (Figure 3C),
whereas HMFG-2 remained negative on all samples.
Both HMFG-2 and BW495/36 did not react with
fibromas. TAG-72 showed no reactivity within the
group of gonadal tumors or the corresponding nor-
mal ovarian cells. Most tumor markers were negative
in gonadal stromal tumors, but OV-TL 3 and OV-TL
16 were moderately positive in most samples and
MOv 18 reacted with two fibrothecomas and the Ley-
dig cell tumor. OV632 reacted with two out of three
granulosa cell tumors. Four Mabs (MOv 18, OV-TL
15, OV-TL 22, and BW495/36) reacted also with the
zona pellucida of the oocyte (Figure 3D). HLA class
was expressed in (almost) all nucleated cells and

HLA-DR was found (weakly) expressed in some pri-
mary and primordial follicle cells, in corpus luteal
cells, and in granulosa cell tumors.
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Figure 3. Immunoperoxidase stainting patterns ofotwaan granntilosa tbeca cell tuJmor (A), ovtaian Sertoli-Levdig cell tumoZor (B, C), anld (pre)antbral/ollicle), witb positive zona pelluicida (D-o), iniculbated uith moniocloinal antikeratin antibodies 5+8, RCK 102 (A); keratin 18. CK 18-2 (B);
antipanepithelial marker BW495/36 (C), anid antiovarian carciniomiia marker O110 18 (D).

Germ Cell Tumors

The group of ovarian teratomas consisted of four
cases of dermoid cysts, two containing simple epi-
thelium, one containing (cornified) squamous epithe-
lium, and one with possible epithelial elements
(Table 3).

Both simple epithelial cysts contained keratins 7,
8, 14, 18, and 19, whereas keratins 4 and 13 were
found in one case and in less than 10% of the cells in
a second case. Vimentin was expressed weakly in
cystic epithelium. Desmin found in these teratomal
tissues was present in mucin epithelial cells in one

case and further limited to muscular cell types. The
epithelial character of the cells was supported by a
positive staining with BW495/36, HMFG-2, BW431/
31, and TAG-72 in one case. The epithelial cells were
not stained by OC 125 and OV632, but some stain-
ing was observed with MOv 18, OV-TL 3, OV-TL 10,
OV-TL 15, OV-TL 16, OV-TL 19, and OV-TL 23.

The squamous cells contained keratin 14 and
likely keratin 5, because RCK 102 (recognizing ker-
atins 5+8) stained the epithelial cells, whereas kera-
tin 8 was not detected. The cornified epithelium con-
tained keratins 5, 14, and 10. Vimentin was not found
in squamous epithelium. The markers BW495/36,
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Table 3. Intermediate Filament Patterns and Tumor Marker Profile of Ovarian Germ Cell Derived Tumors

Benign: Malignant
Monoclonal Dermoid cyst
Antibody Antigen (terato) Dysgerminoma Endodermal sinus tumor

6B10 Keratin 4 A1/4 0/2 +/-1/1
+/_A1 /4

B30/4

cO/4
OV-TL 12/30* Keratin 7 A2/4 2/2* 1/1
RCK 105 B30/4

cO/4
M20 Keratin 8 A2/4 2/2* 1/1
LE41* B30/4
CAM 5.2 cO/4
RKSE 60 Keratin 10 +/_A1/4 0/2 +/-1/1

B21/4
B10/4
cO/4

1C7 Keratin 13 A1/4 0/2 1/1
2D7 +/-A1/4

B30/4

cO/4
LL002 Keratin 14 +/-A2/4 0/2 0/1

B11/4
B20/4
cO/4

RCK 107 Keratin 14 A2/4 0/2 0.1
B31/4

cO/4
RGE53 Keratin 18 A2/4 2/2** 1/1
RCK 106 B30/4
CK 18-2/2C8** cO/4
LP2K Keratin 19 A2/4 0/2 1/1

B30/4
cO/4

RCK 102 Keratin 5 + 8 A2/4 2/2 1/1
B31/4

cO/4
OV-TL 12/5 Keratin 5 + 7 A2/4 ±1/2 1/1

+ 14 + 19 B31/4
cO/4

RCK 103 Keratin A2/4 0/2 1/1
B31/4

+/_Cl/4
RV 202 Vimentin +/_A1/4 2/2 1/1

±A1/4
B30/4
C1/4

RD 301 Desmin A1/4 0/2 0/1
B30/4
cO/4

BW 495/36 Panepithelial A2/4 2/2 1/1
200 kd B30/4

cO/4
HMFG-2 HMFG A2/4 0/2 1/1

B30/4

cO/4
B72.3 TAG-72 A1/4 2/2 1/1

B30/4

cO/4
BW 431/31 CEA A2/4 0/2 +/-1

B30/4
cO/4

OV-TL 3 OA 3 A1/4 +/-2/2 +/-1
B30/4
C1/4

OV-TL 10 OA 10 +/_A1/4 0/2 0/1
B30/4
cO/4

OV-TL 15 OA 15 A1/4 0/2 1/1
B30/4
cO/4

OV-TL 16 OA 16 A1/4 0/2 0/1
+4Al IA
B30/4

Co/4
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Table 3. Conitinued

Benign: Malignant
Monoclonal Dermoid cyst
Antibody Antigen (terato) Dysgerminoma Endodermal sinus tumor

OV-TL 17 OA 17 A0/3 +/-1/1 NDBi 1/3
B20/3
c1/3

OV-TL 19 OA 19 AA1/3t 0/1 ND
OV-TL 22t OA 22 B30/3

cO/3
OV-TL 23 OA 23 A1/4 0/2 1/1

+/_Al /4
B31/4
cO/4

OV-TL 24 OA 24 Ao/3 0/1 ND
B30/3
±c1l3

OV-TL 27 OA 27 Ao/3 0/1 ND
B30/3

+/c1/3
OV-TL 30 OA 30 A0/4 1/2 1/1

B30/4 +±11/2
C1/4

OV-TL 311 OA 31 A0/4 0/2 1/1||
OC 125 CA 125 B30/4

cO/4
MOv 18 Glycoprotein A1/4 0/2 1/1

38/40 kd B30/4
cO/4

OV632 Nonmucinous A0/4 0/2 0/1
ovarian carcinoma B30/4

cO/4
HLA-1 MHC-1 A2/4 2/2 1/1B1 1/4

B20/4
C1/4

HLA-DR MHC-1 +/_A1/4 1/2 0/1
+Al /4 ±1/2
B30/4
C1/4

Values are the number of positive cases over the total number of cases tested in an immunoperoxidase assay.
No symbol, 10% to 100% positive tumor cells in a section; +/-, less than 10% of positive tumor cells; ±, weakly positive cells in more than

10% of the tumor cell population.
A cysts; B1 squamous epithelium; B2 keratinized squamous epithelium; B3 = B1 + B2; C possibly some epithelial elements.
* In 2 cases, ±; ** in 2 cases, +/-; t negative, II in 1 case, ±.

HMFG-2, and TAG-72 did not react with both cell
types. None of the tumor markers, except for OV-TL
17 and OV-TL 23, was expressed. HLA-l was
expressed in the group of ovarian teratomas except
in the keratinized squamous epithelium, whereas the
HLA-DR was found weakly positive or positive in 5%
to 10% of the cells in the epithelial cysts, negative in
the squamous epithelium, and positive in the sus-
pected epithelial component). The two cases of dys-
germinoma present expressed the simple epithelial
keratins 7, 8, and 18, but not 19 and others (Figure
4A). Vimentin was coexpressed with keratin. The epi-
thelial character was further supported by a positive
staining for BW495/36 (Figure 4B) and TAG-72 (Fig-
ure 4C), but not by HMFG-2. Of all tumor markers,
only OV-TL 30 reacted with the dysgerminoma cells,
whereas OV-TL 3 and OV-TL 17 only stained some
cells sporadically. HLA-1 and HLA-DR were focally
expressed in these tumors. In the case of malignant

endodermal sinus tumor keratins 7, 8, 18, and 19
(Figure 4D), were found, in addition to keratin 13,
whereas keratins 4 and 10 were expressed in less
than 10% of the cells. Vimentin was only focally
expressed. The epithelial character was confirmed
by a positive reaction with BW495/36 (Figure 4E),
and a heterogeneously positive reaction for TAG-72
and HMFG-2. The tumor was heterogeneously
stained with OC 125, MOv 18 (Figure 4F), OV-TL 30,
OV-TL 23, OV-TL 15, but sporadically with OV-TL 3
(Figure 4G) and BW431/31. In the endodermal sinus
tumor HLA-1 antigen was expressed, whereas
HLA-DR was negative.

Discussion
This study describes the marker profile of normal
ovarian cells and tumors derived from the different
ovarian cell types. Three categories of ovarian
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Figure 4. Innitzunlopc-ro)xida.se staininig,} pattceriis oJ/otarianl cli.'sgerniiiinoniac (A, B, C) CaIC ovariaieecdoderniaalsinis tumi1or (D, E, F), inic bateci nuitbntionioclonial antibodies directed againist kercaitn iS, RCK 106 (A); panepithelial niarkerBW-495/i)6 (B); TAG-72 niicarker-(C); ainitikeratinl 19. LP2K (D);panepithelial nmarker BW495/ 6 (E); antioiarian carcincolma marker .lIOi 18 (F); ancd Ol I17 3(G).
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tumors have been studied: 1) tumors derived from
germinal epithelium, 2) gonadal stromal tumors, and
3) tumors derived from germ cells. A marker profile
as defined by a selected panel of monoclonal anti-
bodies can contribute to our understanding of the
cellular origin of the individual tumor types, their pro-

gression behavior during transformation, and may

also be of help in the differential diagnosis of ovarian
tumor (sub)classes. For the sake of clarity we have
summarized the main immunohistochemical results
in the diagram in Figure 5, showing the (gradual)
changes during early transformation of normal ova-

rian surface epithelium into cystoma, adenoma and
carcinoma.

Epithelial ovarian tumors are thought to arise from
the ovarian surface epithelium or mesothelium.2 The
epithelial origin of four major types of ovarian tumors,
ie, serous, mucinous, endometrioid, and clear cell,
was supported by the presence of the so-called sim-
ple keratins in pairs of keratins 8 and 18, and mostly
keratins 7 and 19, confirming our previous data.5 The
higher positive score for keratin 19 in the present
study as compared with our previous results5 and
also noticed for some other markers, may, to some

extent, be related to a higher Mab concentration or

sensitivity of detection procedures in combination
with the use of acetone-fixed frozen sections instead
of unfixed sections. The fact that keratins 5 and 14, 4
and 13, and 10, normally markers for squamous dif-
ferentiation, were not found in ovarian mesothelial
cells, only incidentally in cystomas and serous cys-

tadenomas, but in a considerable number in serous

carcinomas, mucinous adenomas, and carcinomas,
suggests that the expression of these keratins is
related to serous or mucinous differentiation rather
than to the remaining category of ovarian cancers,

largely lacking these latter keratins. Although Moll
and coworkers35 reported the absence of stratifica-
tion related keratins 4, 5, 13, 17 in particular muci-
nous tumors, we now clearly demonstrate the pres-

ence of keratins 4 and 13, on the basis of a large
study of 31 mucinous tumor samples. In addition, we
demonstrate the presence of keratins 10 and 14 in
about one-third of the mucinous tumors by using two
to three different monoclonal antibodies for each
type of these keratins. Our observation that stratifi-
cation-related keratins were found in ovarian tumors
without histological evidence of squamous cell dif-
ferentiation confirms and extents the suggestion of
Moll and coworkers35 for keratin 4 that was found in
polar columnar cells of several simple and complex
epithelia and in adenocarcinomas of the lung.

The keratin 7 antibodies OV-TL 12/30 and RCK
105 were found to react with virtually all 109 of the

epithelial ovarian neoplasms (Figure 5). Therefore,
the keratin 7 antibodies can be used with more con-
fidence in the differential diagnosis of the primary
ovarian epithelial cancer versus metastases to the
ovary, in particular those types of gastrointestinal
tract cancers, largely missing keratin 7.

Coexpression of vimentin and keratin was
reported for normal mesothelial cells22'24'36'37 gran-
ulosa cells and rete ovarii cords of the human
ovary.38 High vimentin coexpression in mesothelial
cells as well as in mesotheliomas36 is in line with the
finding that mesothelial-derived ovarian cystomas
and adenomas still express vimentin. The fact that
vimentin coexpression is not limited to cells in culture
or ascites, but also occurs in benign and malignant
ovarian tumor cells of all subclasses, illustrates that
vimentin cannot be considered as an (exclusive)
marker for mesenchymal-derived (tumor) cells.
Although sporadic vimentin and keratin coexpres-
sion in ovarian carcinomas has been reported
earlier,39 42 we now demonstrate that a relatively
high number of all subclasses of the ovarian epithe-
lial tumors show (focal) vimentin staining by using
four different vimentin antibodies (Figure 5). Coex-
pression of different types of intermediate filaments
is a more common phenomenon in human tissues,
either normal or malignant, than previously
realized.22 High vimentin coexpression also has
been suggested to be associated with the prolifera-
tive activity of cells.43 Viale and associates44 showed
that most serous tumors (80%), some endometrioid
adenocarcinomas, and all clear cell carcinomas
investigated exhibited a variable number of neoplas-
tic cells cosynthesizing keratins and vimentin,
whereas only one of 29 mucinous tumors and none of
the Brenner tumors displayed vimentin-immunoreac-
tive cells. In our study, however, 23 of 31 cases of
mucinous neoplasias exhibited expression of both
keratins and vimentin. The discrepancy between our
present high vimentin score in mucinous ovarian
tumor cells on frozen sections and the low score in
the report by Viale and coworkers44 is probably due
to the use of formalin-fixed paraffin-embedded mate-
rial in their study.

BW495/36 and, to a lesser extent, HMFG-2 dis-
criminate between negatively reacting mesothelial
cells and positively reacting carcinoma cells, with a
heterogenous expression in the group of cystomas
(Figure 5). This finding again favors the idea that
ovarian carcinoma develops and progresses from
mesothelial cells. Using BW495/36, the differential
diagnosis between mesothelial cells and carcinomas
in cytodiagnosis of ascites can be greatly facilitated.
Similarly, the combined markers for keratins and
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BW495/36 were successfully applied in the differen-
tial diagnosis of mesothelial cells versus endometri-
oid cells in case of endometriosis.45'46

The marker TAG-72, assumed to differentiate
between benign and malignant tumors,47 appeared
in our study to discriminate between negatively
stained mesothelial cells, most cystomas and serous
adenomas versus positively stained mucinous ade-
nomas and most carcinomas (Figure 5). The anti-
body thus marks progression from serous adenomas
to serous carcinomas. Therefore, it is tempting to
speculate that the two TAG-72 positive cystomas (of
15) might progress into mucinous adenomas, rather
than into serous adenomas.

The monoclonal antibodies against ovarian carci-
noma-associated antigens such as the OV-TL anti-
bodies, OC 125, and MOv 18 can be considered as
panovarian tumor markers for epithelial-derived
tumors because they showed an increasing reactiv-
ity in the progression from benign tumors to carcino-
mas, but did not discriminate between benign and
malignant tumors (Figure 5). The Mabs OV-TL 15,
OV-TL 30, and OV-TL 31 have been studied earlier
by Boerman and coworkers30 in immunoradiometric
assays, and the corresponding ovarian carcinoma
antigens were found in much lower concentrations in
cystic fluid in benign than in malignant ovarian
tumors, whereas other antigen levels, such as CA
125, were found to be much less discriminative. The
OV632 antibody, however, discriminated between
negative mesothelial cells, cystomas, serous ade-
nomas, and positive mucinous adenomas, mucinous
carcinomas, and serous carcinomas, in this way
being a marker for progression within the serous
subgroup. The lower positive score in the group of
other ovarian carcinomas, however, limits the appli-
cability of this antibody.

HLA-1 remained expressed in normal and tumor
cells (Figure 5). HLA-DR was hardly found in
mesothelial cells but was expressed usually in more
than half of the epithelial tumors. MHC class and 11
antigens play an important role in the interaction
between tumor cells and the immune system. As
described earlier,48 52 decreased expression of
MHC class antigens has been suggested to corre-
late with increased tumorigenesis for some tumors.
Our results are in line with those of Valea and asso-
ciates,53 who described positive expression of HLA-l
antigen by ovarian epithelial neoplasms, although in
our study loss of HLA-1 expression was seen in some
areas of tumors. In some human malignancies the
presence of MHC class 11 correlates with the pres-
ence of inflammatory cells and with a better progno-
sis,48 54.55 whereas other investigators reported the

absence of any correlation between the expression
of MHC class 11 antigens and the induction of an
anti-tumor immune response in vitro.4856'57 The
expression of HLA class 11 antigens reported by
Ruiter and co-workers48 in 15% to 100% of primary
cutaneous melanoma lesions tends to be associated
with the presence of lymphocytic infiltrates and sug-
gests that in primary melanomas the expression of
HLA class 11 antigens may be induced by locally
produced y-interferon. However, in our study, a
direct correlation with the presence of inflammatory
cells was not observed. Our results are in line with
the positive HLA-DR antigen expression of 11 of 21
samples of ovarian carcinoma cells (ranging
between 30% and 95%) as described by DiBello and
associates.56

In conclusion, our data suggest that during early
transformation from normal ovarian surface epithe-
lium (mesothelium) into cystomas, adenomas, and
carcinomas, a series of different antigens mark these
changes, and can therefore be useful in the differen-
tial diagnosis in surgical pathology.

Our conclusions with respect to the epithelial ova-
rian tumors can be summarized as follows:

1. None of the monoclonal antibodies against
ovarian carcinoma-associated antibodies discrimi-
nated completely between benign ovarian epithelial
tumors and carcinomas, nor between the subclasses
of carcinomas when applied in this immunohis-
tochemical study.

2. Using panovarian carcinoma markers OV-TL 3,
OV-TL 16, OC 125, and MOv 18, the epithelial-de-
rived ovarian tumors can be identified, without dis-
crimination, between benign and malignant ovarian
tumors.

3. The marker BW495/36 and to a lesser extent
HMFG-2 can be used to confirm the epithelial char-
acter of the tumors and to discriminate them from
mesothelial cells.

4. The keratin antibodies can be used to specify
the grade of differentiation of the tumor (adeno-/
squamous) and in the differential diagnosis of the
primary ovarian epithelial cancer versus metastases
to the ovary.

5. The antibodies TAG-72, OV632, and, to a
lesser extent, OV-TL 19 can be used to subtype
within the serous/mucinous tumors and carcinomas.

6. HLA-DR in general distinguishes normal
mesothelium from benign and malignant lesions.

Both mesenchymal cells and coelomic epitheli-
um38 have been suggested to give rise to ovarian
gonadal tumors (sex cord-stromal tumors). As
reported earlier5' 38 primary follicle cells show strong
expression of keratins 8 and 18 in all samples and
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keratin 19 in half of the samples. Keratin 7 expression
was limited to traces in some samples. The expres-
sion of these keratins was reduced in Graafian folli-
cles and corpus luteum. For human granulosa cells it
was reported that the synthesis of keratins 8 and 18,
and, to a lesser extent, keratins 7 and 19 could be
suppressed by treating the cells with HCG.58 The
keratin expression pattern of primary follicle cells as
well as maturing granulosa cells confirm the epithe-
lial nature of these cells. Strikingly, traces of keratin 7
were sometimes detected scattered throughout ova-
rian stroma and thecal cells. One fibroma sample
expressed keratins 7, 8, 18, and 19 weakly or spo-
radically, in contrast to the results of Benjamin and
associates,59 whereas some fibrothecoma tumors
and both granulosa-theca cell tumors were found
positive for keratins 7, 8, 18, and 19. The finding of
keratins in these stromal tumors agree, however, with
our (unpublished) observations of occasional keratin
expression in normal activated stromal cells, and
does not point to an other histogenetic origin of these
tumors.22 Vimentin was expressed in all gonadal
tumors and corresponding normal cells as shown
previously.3859 The finding of desmin in two fibromas
is consistent with the observation of Czernobilsky.38
The (almost) negative staining reactions of both
BW495/36 and HMFG-2 markers in both the follicle
cells (mature granulosa) cells and mesothelial cells
as well as the rather similar keratin profile of both cell
types point to a close relation of the granulosa cells
with mesothelial cells, supporting the granulosa cell
histogenesis from epithelial cell types (coelomic epi-
thelium or rete ovarii cords) as described by
Czernobilsky.38 Interestingly, the negative score of
TAG-72 in granulosa cells and mesothelial cells also
underlines the relationship with mesothelial cells,
because TAG-72 has been reported to be negative in
malignant mesotheliomas as well as in benign
mesothelial proliferations.6D
No coexpression of BW495/36, HMFG-2, and

TAG-72 with keratins was found in ovarian stromal
cells, theca cells, and fibromas. However, one
fibrothecoma, one granulosa cell tumor, and both
granulosa theca cell tumors were found positive for
BW495/36, but negative for HMFG-2 and TAG-72.
Explanation needs further confirmation in a larger
number of samples.

The finding that the one Leydig cell tumor was
negative for BW495/36, HMFG-2, and TAG-72, but
positive for keratin 7 does not disprove the mesen-
chymal origin of that tumor because keratin 7 was
also found in the above-mentioned fibrothecomas.
Thus, expression of keratins as well as the positive
reaction with BW495/36 in Sertoli-Leydig cell tumors

may indicate an epithelial character of the Sertoli cell
tumor compartment but not of the Leydig cells. With
respect to the keratin expression pattern in this Ley-
dig and granulosa tumor type, it is striking that we
observed only keratin 7 positivity in the Leydig cell
tumor, but no reaction with any of the other Mabs,
whereas keratins 8, 18, and 19 were sporadically
expressed in one granulosa cell tumor. In general,
keratins form pairs, with keratin 7 normally occurring
in conjunction with keratin 19 or keratin 8 and 18.
Although positive with both keratin 7 Mabs, further
studies will have to reveal whether or not the keratin
7 reaction patterns are specific or result from a
shared epitope on a completely different protein.
Reversely, we have to exclude also epitope masking
for any of the other keratins in these malignancies.

The germ cell tumors are thought to arise from
primitive germ cells. These tumors may develop both
in the gonads or at extragonadal sites along the line
of migration of the primitive germ cells. The remark-
able homology between the various germ cell tumor
types in male and female is in agreement with the
theory about the histogenesis of these neoplasias as
described by Teilum.61 Mature teratomas (dermoid
cysts) usually contained ectodermal structures. The
presence of the simple epithelial keratins 7, 8, 18,
and 19 in dermoid cysts was supplemented with
keratins 4, 13, and 14. The squamous cell types
contained keratins 5, 10, and 14, but not keratins 8,
18, 4, and 13. This indicates that these squamous
epithelial tumor cells are of the dermoid (cornifying
stratified) type, because in normal human keratiniz-
ing squamous epithelia, keratins 5, 14, and 10 are
found. In this study, we confirmed, in essence, the
results of Czernobilsky and coworkers,62 but
because we stained with a more extended panel of
monoclonal antibodies, we were able to identify the
localization of various other keratin polypeptides in
the different dermoid cysts. Vimentin was coex-
pressed with keratins in the simple dermoid cyst but
not in squamous cell types. The markers BW495/36,
HMFG-2, and TAG-72 in general confirmed the epi-
thelial character of the simple dermoid cysts, but
were negative in the case of squamous cell differen-
tiation in line with their specificity in normal adult
human tissues.

Also in case of dysgerminoma and endodermal
sinus tumor the immunostaining pattern supported
the epithelial nature of the tumor cells. Although sim-
ilarity of endodermal sinus tumor and dermoid cysts
has been suggested,63 and is supported by the
identical keratin pattern of BW495/36 and TAG-72
staining, both tumors can be distinguished on the
basis of the reactivity of the cysts with ovarian carci-
noma markers.
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With respect to the nonepithelial ovarian cancers,
our data suggest that although the gonadal stromal
tumors and germ cell tumors are not thought to orig-
inate from epithelial cell types, most corresponding
tumors express one or more keratins as well as
BW495/36. In general, gonadal tumors could be dis-
tinguished from germ cell tumors by the absence of
TAG-72 and HMFG-2 in the former, whereas germ
cell tumors in general expressed TAG-72 and, to a
lesser extent, also HMFG-2. A proper combination of
these markers might be very helpful in diagnostic
pathology of ovarian malignancies.

With respect to the discrimination between the
three categories of ovarian tumors (epithelial,
gonadal stromal, and germ cell tumors) we suggest
that:

1. .TAG-72 and HMFG-2 in general also distin-
guish between positive epithelial ovarian tumors and
germ cell tumors versus negatively reacting gonadal
stromal tumors, whereas keratins and the marker
BW495/36 were found more or less in all three cate-
gories of ovarian tumors.

2. Of the ovarian tumor-associated markers OC
125, OV-TL 3, OV-TL 16, and MOv 18, the latter three
Mabs did not discriminate sufficiently between epi-
thelial, gonadal, and germ cell tumors, whereas OC
125, OV-TL 15, OV-TL 23, and, to a lesser extent,
OV-TL 31 distinguished between positive epithelial
ovarian tumors and negatively reacting gonadal
tumors. Because of the limited number of samples
tested in the groups of gonadal and germ cell
tumors, these suggestions for the nonepithelial
tumors will need further confirmation.
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