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Abstract-Three hybridoma cell lines producing monoclonal antibodies (MAbs) against ovarian 
car&omas were obtained after immunizing mice with an undifferentiated human ovarian cystaden- 
ocarcinoma extract. The hybridoma cell supematants were initially screened for a positive 
immunohistochemical reaction with ovarian carcinomas concomitant with a negative reactivity with 
a benign ovarian cystadenoma. 

Theantibodies OV-TL 15 (IgM), OV-TL 30 (IgGl) and OV-TL 31 (IgM) reactedpositively 
with 84, 84 and 74% of the ovarian carcinoma samples (n = 76) respectively. Reactivity with 
ovarian cysts and cystadenomas (n = 2 1)) with non-ovarian carcinomas (n = 77) and with normal 
human tissue samples (n = 63) was absent or limited to weak reactivity on incidental samples. 

All three antibodies were jhown by immunoelectron microscopy to react with surface antigens 
(OA 15, OA 30 and OA 31) of ovarian carcinoma cells. Cross reactivity between OV-TL 15, 
OV-TL 30, OV-TL 31 and OC 125 monoclonal antibodies was excluded by competitive binding 
assays on NIH: 0 VCAR-3 cells. 

Antigen levels (OA 15 and OA 31) in tumour extracts and gst &ids were quantiJied by 
immunoradiometric assays and compared to the CA 125 antigen levels. High levels of CA 125, OA 
15 and OA 3 1 werefound in cystjuidsfrom ovarian cancers. h benign ovarian cq’stjluids, however, 
the CA 125 content was also high while OA 15 antigen was hardly detectable. The OA 3 1 antigen 
was present at relatively low levels. 

The IRMA data conjrmed the immunohistochemical data showing that, in contrast to OC 125, 
the newb developed MAbs 0 V-TL 15, OV-TL 30 and OV-TL 3 1 discriminate between benign 
ovan’an cystadenomas and malignant ovarian cancers. 

INTRODUCTION 
MONOCLONAL ANTIBODIES (MAbs) against ovarian 
carcinoma-associated antigens (OCAAs) have been 
developed in several laboratories [l-6], and have 
been shown to be useful in the discrimination 
between ovarian and non-ovarian carcinomas 
[2, 7, 81. A few antibodies may be useful for assess- 
ing the histologic type (mutinous versus other com- 
mon epithelial types) of ovarian carcinomas [9, lo]. 

The biological behaviour of ovarian tumours may 
range from benign to extremely malignant with a 
number of steps in between. Antibodies described 
so far are directed against antigens expressed in 
benign as well as in malignant ovarian tumours. 
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OC 125 has been reported to stain 45% of the 
benign serous ovarian tumours positively [ 111, 
MOv 18 stained 100% [3] and OV 632 stained 
56% [4] of the benign serous ovarian tumours. 

MAbs against antigens expressed exclusively in 
malignant ovarian tumours may facilitate an accur- 
ate discrimination between benign, borderline 
malignant and malignant ovarian tumours. In this 
study, we report the development of MAbs reacting 
positively and almost exclusively with malignant 
ovarian cancer cells. 

MATERIALS AND METHODS 

Tissues, cystjuids, cell lines and tumour extracts 
Human tissue samples were obtained freshly from 

surgery, snap-frozen in liquid nitrogen and stored 
at -80°C. Cyst fluids from ovarian carcinomas 
(n = 13) and from benign ovarian tumours (n = 32) 
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were obtained by thin needle aspiration and centri- 
fuged at 3500 g ( 10 min, 4°C). The supernatants 
were stored at -80°C. 

The NIH:OVCAR-3 ovarian carcinoma cell line 
[12] obtained from the American Type Culture 
Collection, was grown in RPMI-1640 medium 
(Gibco, Paisley, U.K.) supplemented with 10% 
FCS (foetal calf serum, Flow Labs, Herts, U.K.). 

Tumour extracts were prepared by homogenizing 
0.1 g tissue/ml PBS containing 5 mM EDTA (ethyl- 
enediaminetetraacetate, E. Merck, Darmstadt, 
F.R:G.), 1 mM PMSF (phenylmethylsulphonyl- 
fluoride, Sigma, St. Louis, MO) in a glass homogen- 
izer with a Teflon pestle. After centrifuging the 
crude homogenate (20,000 g for 30 min at 4°C) the 
supernatants were stored in small aliquots at -80°C 
until use. 

Production of anti-ovarian carcinoma monoclonal antibodies 
BALB/c mice were immunized by four intraper- 

itoneal injections given at 1 month intervals, with 
0.5 ml tumour extract prepared from an undifferen- 
tiated ovarian carcinoma (code No. 86-753). Four 
days after the final injection, 5 x 10’ immune 
spleen cells were fused with 2 X IO’ myeloma cells 
(Sp2/0 Ag-14), using polyethylene glycol 4000 (E. 
Merck, Darmstadt, F.R.G.) as fusogen, as described 
[13, 141. The hybridoma supernatants were 
initially screened using an indirect immunofluor- 
escence assay (IFA) on frozen sections of the same 
ovarian carcinoma as used for immunization, as 
described [2]. The supernatants reacting positively 
with the carcinoma cells in these sections were 
further selected for a negative reaction on sections 
of a serious ovarian cystadenoma. The hybridomas 
were recloned by repeated limiting dilution. 

Three hybridoma cell lines (OV-TL 15, OV- 
TL 30 and OV-TL 31), were selected for further 
characterization. The hybridomas were grown in 
pristane-primed BALB/c mice for production of 
ascites containing antibodies according to standard 
procedures. 

The MAbs were isotyped in a double diffusion 
assay [ 151. Solubilized tumour proteins were sub- 
jected to SDS-gel electrophoresis, Western blotting 
and immunodetection using MAbs as described 
[16], with minor modifications. 

Immunohistochemistry 
Reactivity of MAbs on unfixed cryostat sections 

ofhuman tissue samples was tested both in immuno- 
fluorescence (IFA) [2] and in immunoperoxidase 
assays (IPO) [17], using undiluted hybridoma 
supernatant or optimally diluted hybridoma- 
induced mouse ascitic fluid. A broad spectrum anti- 
keratin MAb, OV-TL 12-5 [ 18, 191, staining all 
epithelial cells in a section was used as a positive 
control. The IFA and IPO staining were scored 
arbitrarily: (+) for clearly positive, (2) for weakly 
positive and (-) for negative staining. 

Immunoelectron microscopy 
A freshly obtained sample from a serous ovarian 

carcinoma was fixed in periodate-lysine-para- 
formaldehyde-glutaraldehyde solution (PLPG), 
for 14 h [20] and further processed for electron 
microscopy as described previously [21]. 

Radioiodination of the antibodies 
The IgM-isotype MAbs OV-TL 15 and OV- 

TL 31 were purified by 45% ammoniumsulphate 
precipitation from hybridoma-induced ascitic fluid 
[ 171, followed by gel filtration on a G-200 column 
(Pharmacia, Uppsala, Sweden) [22]. The IgGl iso- 
type MAb OV-TL 30 was purified by affinity 
chromatography on a protein A-Sepharose column 
(Pharmacia, Uppsala, Sweden) [23]. 

Purified MAbs were radioiodinated by the chlor- 
amine-T procedure [24] followed by chromatogra- 
phy on Sephadex G-25 (Pharmacia, Uppsala, 
Sweden) resulting in a specific radioactivity of 
10-15 Ci/g. 

Competitive binding assay 
NIH:OVCAR-3 cells were grown in eight-well 

strip plates (Costar, Cambridge, MA) until 90% 
confluency. After the cells were fixed in 0.25% 
glutaraldehyde (E. Merck, Darmstadt, F.R.G.) 
(10 min, 20°C) the wells were washed and saturated 
(1 h, 20°C) with 0.5% BSA (bovine serum albumin, 
Sigma, St Louis, MO) in PBS. After washing, the 
cells were incubated with 50 pl of a fixed amount 
of 1251-labelled MAb (50 ng/ml) in the presence of 
various dilutions of the unlabelled MAbs OV-TL 
15, OV-TL 30, OV-TL 3 1, as well as OC 125 [25], 
for 4 h at 20°C. From the displacement of the 
labelled antibodies by the corresponding unlabelled 
antibody, the affinity constants of the antibodies 
were calculated as the reciprocal of the molar con- 
centration of unlabelled MAb required for 50% 
displacement [ 261. 

Immunoradiometric assays 
Two-step IRMAs were developed essentially as 

described previously for an OC 125-based immuno- 
fluorometric assay [27]. The wells of 12-well EIA/ 
RIA strips (Dynatech, Billingshurst, U.K.) were 
coated by overnight incubation with 200 p1 pur- 
ified, unlabelled MAb (l-25 pg/ml in PBS). Wells 
were saturated with 250 pl 0.5% BSA (Sigma, 
St. Louis, MO) in PBS for 2 h and subsequently 
incubated for 4 h with 100 ~1 tumour extract or 
cyst fluid and 100 p1 assay buffer (50 mM 
Tris-HCI, pH 7.75, 150 mM NaCI, 0.5% BSA). 
““I-labelled MAb in 200 p.1 assay buffer (50 ng/ 
ml) was incubated in each well for 2 h. All incu- 
bations were carried out at room temperature and 
after each incubation the wells were washed four 
times with PBS containing 0.05% Tween-20 (E. 
Merck, Darmstadt, F.R.G.). 
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Finally, the bound portion of the tracer was 
determined in a gamma counter. Serial dilutions of 
an ovarian carcinoma extract (code No. 86-753) 
were used as standard preparations in each assay, 
and equivalent antigen (OA 15 and OA 3 1) concen- 
trations for experimental samples were determined 
by interpolation of the standard curve run on each 
assay plate using the RIA-Calc software package 
(Pharmacia-Wallac Oy, Turku, Finland) on an 
IBM-XT compatible personal computer. The OA 
15 and OA 31 contents of the 86-753 ovarian 
carcinoma extract were calibrated as 100 arbitrary 
units per ml (100 arb. U/ml). As a rule the standard 
error of triplicates (intra-assay precision) remained 
within 10% of the mean, while the inter-assay pre- 
cision for the same samples on five different 
occasions remained within 15% of the mean. Wells 
retaining a radioactivity less than the 99% upper 
confidence limit of the control (assay buffer) were 
considered below the limit of the assay sensitivity. 

To investigate whether the epitopes defined by 
OV-TL 15, OV-TL 30, OV-TL 31 and OC 125 
are located on the same molecule we performed 
double determinant IRMAs. In these assays the 
antigen preparation (ovarian carcinoma extract or 
cyst fluid) was incubated in wells coated with one 
antibody and a second, different antibody was used 
as a tracer. 

CA 125 determinations 
Levels of CA 125 in cyst fluids were assayed in 

an OC 125-based IRMA as described by Klug et 
al. [28]. To avoid the high-dose ‘hook effect’ [29], a 
two-step incubation protocol was applied. For all 
samples multiple dilutions up to l/10,000 were 
assayed. Dilutions were made using a standard 
serum diluent. The reagents were obtained from 
Centocor Inc. (Malvern, PA). 

Statistical methods 
As antigen levels in cyst fluids were not normally 

distributed, non-parametric statistical methods 
were used. A Mann-Whitney U-test was used for 
comparison of antigen levels in benign and malig- 
nant ovarian tumour cyst fluids. 

RESULTS 

Characterization of three anti-ovarian carcinoma monoclonal 
antibodies. 

Based on the strategy of immunization with an 
extract of an undifferentiated ovarian carcinoma, 
followed by a differential screening for a positive 
reaction on the same carcinoma concomitant with 
a negative reaction on sections of an ovarian cysta- 
denoma, three hybridoma cell lines were selected. 
Radial immunodiffusion analysis indicated that the 
hybridomas OV-TL 15 and OV-TL 31 produced 
IgM antibodies, while OV-TL 30 produced IgGl 
antibodies. 

The immunoreactivity of the tumour antigens 
(OA 15, OA 30 and OA 31) defined by the three 
monoclonal antibodies OV-TL 15, OV-TL 30 and 
OV-TL 31 respectively, was not preserved after 
SDS-gel electrophoresis followed by immunoblot- 
ting. The immune reactivity of these antibodies was 
lost on paraffin processed tissue blocks, but resisted 
cold methanol as well as PLPG fixation. 

Immunohistochemical reactivity of ovarian tumours 
The immunohistochemical reactivity of the three 

monoclonal antibodies on ovarian tumours was 
studied in combination with the reference MAb OC 
125. A broad spectrum anti-keratin monoclonal 
antibody, OV-TL 12-5, was applied in order to 
stain all epithelial cells in the tissue sections. The 
results as summarized in Table 1 show that OV- 
TL 15, OV-TL 30 and OV-TL 31 hardly reacted 

Table 1. Immunohistochemical reactivity of anti-ovarian carcinoma monoclonal antibodies 0 r’-TL 15. 
OV-TL 30, OV-TL 31 and OC 125 with ovarian tumours 

Tumours ov-TI. 15 OV-TI~ 30 OV-‘IT, 31 OC 125 

Cystoma simplex 
Cystadenomas 

Borderline tumwrs 

Serous carcinomas 

Mutinous carcinomas 
Endometrioid carcinomas 
Clear cell carcinomas 
Non-classified adenocarcinomas 
Total carcinomas 

Granulosa cell tumours 012 
Fihrothecomas 014 

O/8* 018 018 6/8 
3114t 3114t 3/14t IO/l4 

z/4+ 3/4+ 2141 314 

37142 39142 35142 41/42 
(88Y”) (93%) (83%) (98%) 

315 31.5 215 215 
618 618 518 5/8 
5/6 416 416 .5/6 

13/15 12115 10/15 15115 
64176 64176 56176 68176 
(84%) (84%) (74%) (89%) 

o/2 
014 

012 
o/4 

o/2 
o/4 

*The number of positively reacting samples per total number of samples. 
tweak immunoreactivity was found on the indicated numhcr ofsamples. 
All specimens were assayed hy hoth immunofluorescence and the immunoprroxidasr assays 
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with benign ovarian tumours. Figure 1A shows an 
example of OV-TL 15 staining negatively a serous 
ovarian cystadenoma. Weak and heterogeneous 
staining was seen with these antibodies in only 
three cystadenoma samples, while OC 125 (Fig. 1 B) 
stained the majority of benign ovarian tumours 
clearly positively. 

A few of the samples of the borderline tumours 
were stained focally (lO-25% of the epithelial cells 
in a section) and heterogeneously. However, in these 
samples both the obviously proliferating areas as 
well as the areas showing no atypical features dis- 
played immune reactivity. 

OV-TL 15 reacted with 88% of the 42 serous 
ovarian cancers and with 84% of the 76 ovarian 
carcinoma samples tested. On the same samples 
OV-TL 30 reacted with respectively 93 and 84% 
and OV-TL 3 1 with 83 and 74%, while OC 125 
stained 98% of the serous ovarian cancers and 
89% of all ovarian carcinomas examined. In most 
samples OV-TL 15 showed a homogeneous, diffuse 
positive staining pattern (Fig. 2D), OV-TL 30 usu- 
ally displayed a heterogeneous pattern (Fig. 2E), 
while OV-TL 31 reactivity was confined to the 
apical side of the tumour cells (Fig. 2F). 

Immunoelectron microscopy showed that the 
three antibodies reacted with the tumour cell mem- 
brane (Fig. 3). OV-TL 15, however, also showed 
some submembranous cytoplasmic staining 
(Fig. 3B), indicating the OA 15 antigen is not 
exclusively localized in the cell membrane. 

Immunohistochemical reactivity of non-ovarian carcinomas 
With regard to the gynaecologic carcinomas 

(Table 2), all three antibodies positively stained 
both carcinomas of the Fallopian tube examined, 

while OV-TL 15 and OV-TL 30 positively stained 
three of the 13 endometrial carcinomas tested. 
OV-TL 31 did not react with either endometrial 
carcinomas or cervical carcinomas. 

The OV-TL 15 and OV-TL 31 antibodies did 
not show any reactivity with any ofthe non-gynaeco- 
logic tumours (n = 48), including breast (n = 10) 
and gastro-intestinal carcinomas (n = 21) (Table 
2). OV-TL 30 reacted with some renal cell carci- 
nomas (five out of nine specimens) and breast 
carcinomas (three out of 10 specimens). 

Immunoreactivity with normal human tissues 
Staining sections of 64 samples of different types 

of normal human tissues with the three antibodies 
indicated that the MAb-defined antigens were 
hardly expressed in normal human tissues (Table 
3). Sections of ovarian tissue clearly showed the 
antibodies to be non-reactive with the germinal 
epithelium. Mesothelial linings in sections of three 
non-ovarian samples also stained negatively. OV- 
TL 15 displayed weak positive reactivity with the 
apical side of oviductal epithelium and traces of 
reactivity were observed on some renal tubules. 
OV-TL 30 stained faintly positive the glomerular 
mesangial cells (two out of six samples), while 
tubules remained negatively. OV-TL 31 stained 
positively with less than 10% of the renal tubules, 
probably the Henle loops. 

Competitive binding assay 
We investigated whether the MAbs compete for 

the binding of identical epitopes on the ovarian 
carcinoma cell line NIH:OVCAR-3. The binding 
of 1251-labelled MAbs was measured in the presence 
of varying concentrations of unlabelled antibodies. 

Table 2. Immunohistochemical reactivity of anti-ovarian carcinoma monoclonal antibodies OV-TL 15, OV- 
TL 30 and 0 V- TL 3 1 with non-ovarian tumours 

Tumours OV-TL 15 OV-TL 30 OV-TL 31 OC 125 

Gynaecologic carcinomas 
Tubal carcinomas 
Endometrial carcinomas 
Cervical carcinomas 

Adenocarcinomas 
Squamous cell carcinomas 

Non-gynaecologic carcinomas 
Breast carcinomas 
Renal cell carcinomas 
Colon cancers 
Other carcinomas (stomach, ileum, 

pancreas, bladder, rectum, a.o.) 
Non-epithelial tumours (seminomas, 

melanomas, lymphomas) 

2/2* 
3113 

z/4 l/4 
o/4 214 

o/10 
o/9 
O/l2 

O/l7 

O/8 O/8 O/8 O/8 

212 
3113 

3/10 
5/9 
o/12 

o/17 

212 
O/l3 

o/4 214 
o/4 o/4 

o/10 
o/9 
o/12 

O/l7 

212 
5113 

2/10 
o/9 
l/l2 

1/17t 

*The number ofpositively reacting samples per total number of samples. 
tl/2 positively reacting pancreas carcinoma. 
All specimens were assayed using both an immunofluorescence and an immunoperoxidase assay. 
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Fig. 1. Immunohistochemical staining pattern (ZPO) of a serous ovarian cystadenoma (188X) stained with OV-TL 15 (A) 
showing no immune reacti@, OC 125 (B) and OV-TL 12-5 (C). 

Fig. 2. Immunohistochemical staining (IPO) f o serial sections of a scrous ovarian carcinoma ( 188 X ) , stained ulith 0 b’- TL 12-5 
(B), OC 125 (C), OV-TL 15 (D), OV-TL 30 (E) and OV-TL 31 (4. .S ec rons were counterstained with haematoglin. A t’ 

negotizae control section (75 X ) is shou’n in Fig. 2.4. 
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Fig. 3. Immunoelectron micrograph showing immunopemxidase reaction on a sample of a serous ovarian carcinoma stained with 
OV-TL 15 (A,,B) and OV-TL 31 (C,D) at the tqmour cell surface. The microvillous cell membranes are stained clearly, positive. 
Some submembranous cytoplasmir immune reactivity is observed with the OV-TL 15 antibo& (Fig. 3B). Magnijcation A,C 

(6000X) andB,D (12,000X). 
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Table 3. Immunohistochemical reactivity of anti-ovarian carcinoma monoclonal antibodies OV-TL 15, 0 V- 
TL 30 and 0 V- TL 3 1 with rwwnal human tissue 

Tissues (number of 
samples examined) OV-TL 15 OV-TL 30 OV-TL 31 

Mesothelium (3) 
Ovary, uterus, cervix, vulva, 
vagina (18) 
Oviductal epithelium (8) 

Digestive tract epithelium (9) 

Liver, gall bladder, pancreas (4) 

Respiratory tract epithelium (3) 

Kidney (6), 
glomeruli 
tubules 

Testis, prostate (3) 

Adrenal gland (2) 

Spleen, tonsil (3) 

Skin (5) 

- - - 

- - 

5/8* - 

- - 

- - 

- - 

- 2164 - 

316’ - l/6* 

- 

- - - 

- - 

- - 

*Weak positive reaction was found on the indicated number ofsamples per total number of samples 
All specimens were assayed using both an immunofluorescence and an immunoperoxidase assay. 

Table 4. Competitive inhibition of binding of radiolabelled MAbs on ovarian carcinoma cells* 

‘=I-MAbs 
Unlabelled 

MAb 

Percentage inhibition 
at 1 pM unlabelled 

antibody 

Affinity 
constant 

K, (M-l) 

OV-TL 15 OV-TL 15 97 6.8 x 10” 
OV-TL 30 0 
OV-TL 31 0 

OC 125 0 

OV-TL 30 OV-TL I5 0 
OV-TL 30 96 
OV-TL 31 0 

OC 125 0 

16.0 x 10” 

OV-TL 31 OV-TL 15 0 
OV-TL 30 0 
OV-TL 31 92 1.4 x 10” 

OC 125 0 

*The binding studies were carried out on NIH:OVCAR-3 cells as described in ‘Materials 
and Methods’. All numbers represent the mean of three different experiments (I pM 
IgG = 0.15 g/l; I pM IgM = 0.8 g/l). 

As shown in Table 4 the binding oflabelled antibody 
could only be inhibited by using the identical unla- 
belled antibody, indicating that each antibody recog- 
nized a unique epitope on the cell surface. 

From these displacement studies the affinity con- 
stants of the three MAbs were calculated as the 
reciprocal of the molar concentration of unlabelled 
Mkb required for 50% displacement of the homolo- 
gous 1251-labelled antibody. The affinity constants 
of the three antibodies were in the same range, being 
highest for OV-TL 30 (16 X 10s M-i), and lowest 
for OV-TL 31 (1.4 X lo* M-l). 

Immunoradiometric assays 
To investigate whether the MAb-defined anti- 

genie determinants could be quantified in tumour 
extracts and ovarian cyst fluids, three ‘sandwich’- 
type IRMAs based on the three MAbs (OV-TL 15, 
OV-TL 30 and OV-TL 3 1) were developed. 

The optimized standard curve of the OA 15 
IRMA, using serial dilutions of the 86-753 ovarian 
carcinoma extract as standards, is shown in Fig. 4A. 
The curve of a serially diluted cyst fluid was similar 
to the standard curve, indicating OA 15 is immuno- 
chemically similar in both cyst fluid and tumour 
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Fig. 4. A: Standard curve of the OA 15 IRMA (0) and the curve of a 
serially diluted ovarian carcinoma cyst jhcid (0). Serial dilutions of an 
ovarian carcinoma extract were used as standards (error bars represent 
v/x, + X,/2). B: Relative OA 15 levels in tissue extracts of 17 ovarian 
carcinomas and extracts of 14 non-ovarian carcinomas (/our colon, three 
breast, three renal, two endometrial and two cervical carcinomas). IFA 
scores of the corresponding samples are indicated: + + = strong positive 
IFA reactivity on cryostat sections, + = positive IFA reaction, 

t = weak IFA reaction, - = negative IFA reaction. 

extracts. Similar data were obtained with the OV- 
TL 31-based IRMA (not shown). With the OV-TL 
30-based IRMA, wells did not retain significant 
amounts of radioactivity, either after incubation 
with ovarian carcinoma extracts or with ovarian 
carcinoma cyst fluids, suggesting that the OA 30 
antigenic determinant was not preserved during the 
procedure or does not appear as a repetitive epitope 
on the antigen. 

Figure 4B shows that using the OV-TL 15- 
based IRMA, no significant OA 15 levels could be 
detected in extracts of a selection of 14 non-ovarian 
cancers exhibiting no OA 15 expression as deter- 
mined immunohistochemically, while significantly 
elevated antigen levels were found in the extracts of 
ovarian cancers (n = 17). The immunohistochem- 

cyst fluid OA 15 - 
larb. U/mLl 

too 

10 

1. 

:. 8 I 
i.l 1 

nalignant benign 
ov*rian owrian 

tumourr tumowr 

A 

cyst fluid Op 31 hrh UlmL) 7 cyst fluid CA 125 (U/mLl - 

ical reactivity of the MAb OV-TL 15 in sections 
of the ovarian carcinoma samples was arbitrarily 
scored on a range from negative (-) to strongly 
positive (+ +) and corresponded well to the IRMA 
data (Fig. 4B). Ovarian carcinomas of different 
differentiation grade (well, moderately and poorly 
differentiated), were used to prepare the tumour 
extracts measured in the IRMA, but no relationship 
between OA 15 content and differentiation grade 
as assessed histologically, was observed (data not 
shown). Analogous results were found for the level 
of OA 31 antigen in extracts of ovarian carcinoma 
extracts. 

The ovarian carcinoma-associated antigen OA 
15 was also detectable in 12 out of 13 cyst fluids 
from ovarian cystadenocarcinomas, significantly 
lower levels were found in the fluids from 32 benign 
ovarian tumours (P < 0.001, Mann-Whitney U- 
test). In fact, only two benign ovarian tumour cyst 
fluids showed detectable OA 15 levels as shown in 
Fig. 5A. These findings, again, are in line with the 
immunohistochemical assays on tissue sections of 
the corresponding tumour specimens. 

Although the OA 31 antigen was not detected 
immunohistochemically in sections of benign 
ovarian turnours, relatively low OA 31 levels were 
found in some cyst fluids from these tumours 
(n = 27) as determined in the IRMA (Fig. 5B). 
Significant higher levels, however, were found in the 
fluids of cystadenocarcinomas (n = 11) (P < 0.001, 
Mann-Whitney U-test). Cyst fluids from only two 
ovarian carcinomas contained OA 31 concen- 
trations that were in the range of the benign tumour 
cyst fluids (O-10 arb. U/ml). In these two ovarian 
carcinoma samples no OA 31 expression could be 
demonstrated with immunohistochemical staining 
techniques. 

The CA 125 levels in cyst fluids from ovarian 
carcinomas were not significantly higher than CA 
125 levels in benign ovarian tumour cyst fluids, as 

1aooo- 0 

malign*nt benign malignant benign 
ovarian ovarian ovarian ovarian 

tumourr ,“lllO”,S turnours turnours 

B C 

Fig. 5. Relative levels of the ovarian carcinoma-associated antigens OA I5 (A), OA 3 1 (B) and CA 125 (C) 
in cyst&ir of malignant and benign ovarian turnours. If a frozen tissue sample of the corresponding turnour 
was available, the IFA score is indicated: ++ = strongly positive, + = positive, f = weakly positive, 

- = negative staining. 
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determined in Mann-Whitney U-test (P = 0.0911) OA 15, OA 30 and OA 3 1 expression is triggered 
(Fig. 5C). during malignant transformation. 

In contrast to the homologous IRMAs, no sig- 
nificant antigen levels could be detected with double 
determinant IRMAs in tumour extracts in the pres- 
ence of 10 mM CHAPS (3-[3-cholamideopropyl)- 
dimethylammonial- 1,l -propanesulfonate, Boeh- 
ringer, Mannheim, F.R.G.). This indicates that the 
MAb-defined epitopes (OA 15, OA 30, OA 31 and 
CA 125) are located on different molecules. 

DISCUSSION 
In this paper we describe the generation and 

characterization of three monoclonal antibodies 
against ovarian carcinoma-associated antigens. The 
MAbs OV-TL 15, OV-TL 30 and OV-TL 31 were 
obtained after immunization with an undifferen- 
tiated ovarian carcinoma extract, followed by 
screening of the immunoreactive hybridoma culture 
supernatants for a negative reactivity on the epi- 
thelium of a serous ovarian cystadenoma. 

Based on competitive binding assays on NIH: 
OVCAR-3 cells, the three monoclonal antibodies 
are directed against different epitopes. No cross 
reactivity was found with CA 125 as defined by 
the OC 125 antibody. Experiments using double 
determinant assays indicated that the epitopes 
defined by the MAbs used are located on different 
molecules. The antibodies exhibited differing affin- 
ity constants, being highest for OV-TL 30 
(16 X 10R M-l). This might be related to the 
subclass of this antibody (IgGl); the other antibodies 
belonged to the IgM class. 

The negative or low immunohistochemical reac- 
tivity of the MAbs OV-TL 15, OV-TL 31 wih 
benign ovarian tumours was supported by IRMA 
determinations in cyst fluids from a larger series of 
ovarian tumours: high concentrations of OA 15 and 
OA 3 1 were found in ovarian carcinoma cyst fluids, 
but the antigens were absent or found at low levels 
in cyst fluids from benign ovarian lesions. Although 
no OA 3 1 antigen was found by immunohistochem- 
ical methods in the tissue sections of the benign 
ovarian tumours, the antigen was detectable in the 
cyst fluid of the corresponding samples. This might 
be due to accumulation of shed antigen in cyst 
fluids. CA 125 determinations in cyst fluids of 
benign and malignant ovarian tumours revealed 
comparable CA 125 levels, being in line with the 
data reported by Fleuren el al. [3 11. They proposed 
the basal membrane in benign ovarian tumours to 
be an effective barrier for CA 125, explaining the 
observation that, in spite of the high CA 125 
contents of cyst fluids from benign tumours, elcv- 
ated CA 125 serum levels are observed only 
occasionally in patients with benign ovarian lesions 

[321. 

Monoclonal antibodies against ovarian carcin- 
oma-associated antigens described until now, such 
as: OC 125 [7, 251, MOvl, MOv2 [l], MT179, 
MW162, MW207, MX35 [5], MOv 18, MOv 19 
[3] and OV 632 [4, 71 have all been reported to 
react with most benign ovarian tumours as well. 
The ovarian carcinoma-associated antigens defined 
by these antibodies are expressed in endometrial 
and endocervical epithelium and are thought to 
be antigens expressed in the Miillerian duct, the 
embryologic origin of the epithelia of the ovaries, 
the Fallopian tubes and the endocervix. In contrast, 
the MAbs described here are directed against 
antigens apparently not expressed on endo- 
metrial and cervical epithelium, and thus may 
be non-Mullerian duct-related antigens. This may 
explain the observation that these anti-ovarian car- 
cinoma antibodies (OV-TL 15, OV-TL 30 and 
OV-TL 31) are non-reactive with benign ovarian 
tumours. 

The OV-TL 15 and OV-TL 31-based IRMA, 
facilitated quantitative determination of the OA 15 
and OA 31 contents of ovarian carcinoma speci- 
mens. High levels were found in ovarian carci- 
nomas, while the antigens were hardly expressed in 
benign ovarian tumours, thus suggesting that the 
expression levels of the MAb-defined antigens are 
related to the biological behaviour of the tumour. 
However, a clear relationship between the differen- 
tiation grade of ovarian carcinomas as determined 
histologically, and their OA 15 or OA 31 content 
as determined immunoradiometrically, was not 
observed. Further studies are required to determine 
whether these antibodies can be used to assess the 
malignant potential of ovarian tumours. 

The antibodies OV-TL 15 and OV-TL 31 
showed no reactivity with breast and colon carci- 
nomas together representing the majority of aden- 
ocarcinomas metastatic to the ovary. Therefore, 
these antibodies are considered to be useful as 
additional tools for differential diagnosis between 
ovarian cancers and other cancers. 

It has been suggested that ovarian carcinogenesis 
starts with inclusion cyst formation from the germi- 
nal epithelium of the ovary. Ovarian cystadenomas 
arising from these cysts are thought to give rise to 
ovarian carcinomas [30]. According to this concept, 

By immunoelectron microscopy it was shown that 
the antigens OA 15, OA 30 and OA 31 were 
asssociated with the membrane of the tumour cells. 
In addition, the antigenic determinants OA 15 and 
OA 30 could not be traced in serum from ovarian 
carcinoma patients (data not shown). It is thought 
that tumour-associated antigens located in the cell 
membrane and not detectable in serum are suitable 
targets for in vivo application ofantibodies. Prelimi- 
nary biodistribution studies of OV-TL 30 in tum- 
our-bearing athymic mice support this suggestion. 
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Preliminary studies indicate that the OA 3 1 epitope 
is detectable in serum of ovarian cancer patients. 

In summary, we have generated three new mono- 
clonal antibodies against ovarian carcinoma- 
associated antigens which may be useful adjuncts 
in differential diagnosis of ovarian tumours. 
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