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Distribution of OV-TL 3 and MOv18 in normal
and malignant ovarian tissue

M R Buist, C F M Molthoff, P Kenemans, C J L M Meijer

Abstract
Aims-To analyse the distribution of OV-
TL 3 and MOv18 in normal ovarian tissue
to determine which antibody is most suit-
able for (radio)immunotherapy ofovarian
carcinoma.
Methods-The distribution of OV-TL 3
and MOvl8 was determined using im-
munohistochemistry and flow cytometry.
Results-Epithelial and other cells in
many tissues, and leucocytes in peripheral
blood, bone marrow and spleen stained
positively with OV-TL 3. The staining pat-
tern ofMOv18 in normal tissues was more
restricted and was confined to epithelial
cells in the lung, kidney, pancreas, salivary
gland, ovary, Fallopian tubes, and cervix.
Reactivity was also observed with pneu-
mocytes in the lung, tubuli in the kidney,
acinar cells in the salivary gland and pan-
creas, in the placenta, and with Kupffer
cells in the liver. The staining pattern of
chimeric MOv18 was identical with the
murine form. OV-TL 3 andMOvl8 reacted
with 100% and 98% (45/46) of the 46 tested
epithelial ovarian cancers, respectively. In
ovarian carcinoma tissue homogeneous
staining of epithelial cells was observed
with OV-TL 3 and more heterogeneous
staining with MOv18. In 12 and nine
patients, respectively, a difference in stain-
ing intensity for OV-TL 3 and MOv18 was
observed between various tumour samples
from the same patient.
Conclusion-MOvl8 has greater thera-
peutic potential because of its restricted
reactivity with normal tissues and espe-
cially, in contrast to OV-TL 3, its lack of
reactivity with haematopoietic cells.
(J7 Clin Pathol 1995;48:631-636)
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Tumour associated antigens are promising tar-
gets for monoclonal antibodies in immuno-
scintigraphy and immunotherapy. OV-TL 3
and MOv18 are both directed against antigens
highly expressed on ovarian carcinoma cells.'2
Both of these monoclonal antibodies have been
applied in pre-clinical and clinical immuno-
targeting studies.'7 The murine monoclonal
antibody MOvl 8 (m-MOvl 8) has been chime-
rised by fusing the murine variable part with
the human constant IgG1 region to reduce
immunogenicity.' Chimeric MOvi8 (c-
MOv1 8) has been studied in a xenograft murine
model and in patients suspected of having

ovarian carcinoma." The antigen recognised
by OV-TL 3, OA3, was identified as a novel
multimembrane spanning protein, 10 whereas
the antigen recognised by MOv18 is a
membrane associated, folate binding protein
(FBP). 1112 In monoclonal antibody based im-
munotherapy in which the antibody is used
alone, or conjugated to toxins, drugs or radio-
nuclides, the reactivity with normal tissues has
to be limited to avoid non-specific targeting of
normal tissues. Staining with OV-TL 3 was
reported to be negative in normal tissues, ex-
cept for weak and irregular reactivity in some
ovarian cysts and in epithelial cells lining the
female genital tract.' Normal bone marrow and
blood cells were not studied. In the initial report
MOv18 showed no reactivity with normal tis-
sues,2 but Stein et al reported reactivity with
the epithelium of renal tubules, pancreas, lung,
salivary glands, Fallopian tubes, and endo-
cervix. 13

In the present study we have analysed the
normal tissue distribution of OV-TL 3,
m-MOvl 8 and c-MOv18 more extensively to
select the most appropriate antibody for
(radio)immunotherapy of ovarian carcinoma.
Primary tumours and metastases of 46 patients
with ovarian carcinoma were also examined
using immunohistochemistry.

Methods
MONOCLONAL ANTIBODIES
OV-TL 3 is a murine IgGl monoclonal anti-
body that reacts with an antigen which is highly
expressed on 90% of ovarian carcinomas of
different histological types.' 1116 MOv18 is also
of the IgGI subclass and the antigenic de-
terminants recognised by MOv18 are abund-
antly present on the cell surface of ovarian
carcinoma cells.2 Monoclonal antibody OC
125, which recognises the ovarian carcinoma
associated CA125 antigen, was used as a con-
trol antibody for the intensity of staining of
ovarian carcinoma tissues.'7 OV-TL 3, m-
MOv18, c-MOv18, and OC 125 were kindly
provided by Dr S 0 Warnaar (Centocor,
Leiden, The Netherlands). MOPC-2 1 (IgGl;
Organon Teknika, Boxtel, The Netherlands)
or anti-KLH (IgGl; Becton Dickinson, Erem-
bodegem, Belgium), both directed against
non-human antigens, were used as negative
controls.

TISSUE
Normal human tissues were obtained at surgery
and snap frozen in liquid nitrogen. Sections 6
gm thick were cut on a cryostat, fixed with
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acetone for 10 minutes at room temperature,
air dried and stored at - 80°C until analysis.
Normal tissues obtained from different in-
dividuals were tested. In addition, 156 biopsy
specimens of ovarian carcinoma, taken from
different locations, were obtained at surgery
from 46 patients who underwent laparotomy
for ovarian carcinoma. Eighteen patients
underwent primary debulking surgery and 28
underwent laparotomy after initial surgery and
chemotherapy for ovarian carcinoma. All but
one patient had advanced ovarian carcinoma
at the time of surgery. One patient with primary
ovarian carcinoma had FIGO (Federation In-
temationale de Gynaecologie et Obstetrique)
stage Ic disease. If present, tissue was obtained
from the malignant ovary, as well as from peri-
toneal metastases. All tissues were processed
as described for normal tissues. Samples were

assessed histopathologically for determination
of the histological type and differentia-
tion grade. Of the 46 ovarian carcinomas, 40
were serous, three were mucinous, two were

endometroid ovarian carcinomas, and one

tumour was of the clear cell type.

IMMUNOHISTOCHEMISTRY
Tissue sections were washed in phosphate
buffered saline (PBS) and incubated with the
monoclonal antibody for 60 minutes at room

temperature. After washing, the sections were

incubated with peroxidase conjugated rabbit
antimouse immunoglobulin (ITK Diagnostics,
Uithoom, The Netherlands) for 30 minutes.
The staining reaction was developed by in-
cubating the sections for five to 10 minutes

with 0 05% (w/v) 3'-3'-diaminobenzidine
tetrahydrochloride (DAB) in PBS, containing
0-02% hydrogen peroxide (Sigma, St Louis,
Missouri, USA). The sections were washed in

PBS, counterstained with haematoxylin and
mounted in Depex. Various concentrations of

purified OV-TL 3, m-MOvl8 and c-MOv18
were studied on control sections of an ovarian
carcinoma (2, 10, 20, 50, and 100 ,tg/ml). The
optimal concentration was determined to be
50,g/ml for purified m- and c-MOv18 and
20,g/ml for purified OV-TL 3. In each assay
serial sections of an ovarian carcinoma, known
to react with both antibodies, were tested sim-
ultaneously. The intensity of the staining re-

action, relative to positive staining of OC 125
on malignant ovarian tissues, was scored as

follows: strongly positive (+ +); moderately
positive (+); faint/weak (±); or negative (-).
The extent of staining was also defined as either
homogeneous (>90% of the epithelial cells
positive), heterogeneous (50-90% positive), or

focal staining (10-50% positive). All sections
were analysed by two observers.

FLOW CYTOMETRY

Fresh peripheral blood was obtained from ap-
parently healthy individuals and bone marrow

aspirates from patients without carcinoma.
Spleen cells were obtained by homogenising a

spleen through a tissue sieve. White blood cells
from peripheral blood and bone marrow were

prepared by Ficoll-Hypaque gradient cent-
rifugation (Pharmacia, Uppsala, Sweden) and
extensively washed in 0-1% bovine serum al-
bumin (BSA) in PBS (PBS/BSA).

Table 1 Normal tissue reactivity of OV-TL 3 and MOvl08

No. of MOv18
Tissue specimens tested Cell type OV-TL 3 staining Cell type staining'
Brain 2 White cortex +C
Peripheral nerve 3 Perineurium +
Skin 10 Endothelial cells +

Sebaceous glands + +
Hair follicles +

Striated muscle 10
Peritoneum 10
Spleen 3 Red pulp +C

Lymph node 10 +
Tonsil 3 Lymphocytes +c

Thymus 3 Lymphoid tissue + Stromal cells +
Heart 3
Lung 3 Bronchial epithelium + +

Pneumocytes +
Salivary gland 3 Serous acini + +

Collecting ducts + +
Stomach 3
Colon 5 Goblet cells +

Ganglion cells +
Pancreas 3 Ductal epithelium + +

Acini +
Langerhans' cells +

Iiver 5 Kupffer cells + +
Kidney 5 Glomeruli +

(Bowman's capsule) Distal tubuli +
Bladder 2 Transitional cells +
Thyroid 3
Adrenal gland 2
Breast 3 Myoepithelium ±

Lobuli +
Ovary 10 Follicular epithelium + +
Fallopian tube 5 Epithelial lining + +
Uterus 5
Cervix 5 Epithelium + +
Placenta 1 Trophoblast + +
Testis 2 Rete testis +
Prostate 2 Epithelium +

'Intensity of staining: + +, strongly positive; +, moderately positive; ±, weak/faint; - no staining. bThe staining pattern for
m- and c-MOv18 was identical. c Cell type not evaluable because of very high background staining.
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Figure 1 Immunostaining with OV-TL 3, showing (A) a positive reaction in the
ganglion cells of the large intestine, and with MOv18 (B), showing a positive reaction in
the distal tubuli of the kidney.

For immunofluorescence analysis, 2-5 x 105
cells were incubated with 50 ,ug/ml purified m-
and c-MOv18 and 20 jtg/ml purified OV-TL
3, respectively, in ice-cold PBS/BSA for
45 minutes at 0°C. After washing in ice-cold
PBS/BSA, cells were incubated with fluorescein
isothiocyanate labelled goat antimouse immuno-
globulin (GAM-Ig-FITC) (Becton Dickinson)
for 30 minutes at 0°C in the dark. As controls
for background fluorescence, cells were in-
cubated with PBS alone and with GAM-Ig-
FITC. After washing, cells were analysed im-
mediately using FACScan (Becton Dickinson).
Analysis was performed according to the man-
ufacturer's instructions.18 The results were

described as fluorescence index (FI=(mean

fluorescence of the sample-mean fluores-
cence of the control)/mean fluorescence of the
control).
To classify cells stained positively with OV-

TL 3, a dual labelling procedure was performed
on bone marrow cells and peripheral blood
cells. OV-TL 3 was labelled with biotin ac-
cording to the manufacturer's instructions
(NHS-Biotin, Pierce Europe, Oud-Beijerland,
The Netherlands). Glycerol (final con-
centration 50%) was added and the bio-
tinylated monoclonal antibody was stored
frozen at - 20°C. Dual labelling was performed
by incubating cells with 20 gig/ml biotinylated
OV-TL 3, followed by an incubation step
(45 minutes at 0G) with 25 ,ug/ml FITC
labelled anti-CD2, -CD3, -CD4, -CD8,
-CD14, -CD16, -CD19, -CD34, and -CD38
(Becton Dickinson). Thereafter, cells were in-
cubated for 15 minutes with 5,ug/ml Strep-
tavidin-phycoerythrin (PE). To correct for
background fluorescence, the following control
samples were included in the procedure: cells
incubated with FITC labelled IgG, PE labelled
IgG, FITC and PE labelled anti-CDs. Flow
cytometry was performed as described earlier.

Results
NORMAL TISSUE DISTRIBUTION
Twenty eight different normal tissues were anal-
ysed for expression of OV-TL 3 and MOv1 8.
The staining patterns found with OV-TL 3, c-
MOv18, and m-MOvl 8 are shown in table 1.
Multiple sections ofeach tissue type were tested
and consistent results were obtained in all cases.
No difference was observed in staining pattern
between murine and chimeric MOv18.
With OV-TL 3, positive staining was ob-

served in various tissue types (table 1). In
contrast to the staining pattern of control IgG
and MOv18, high background staining was
observed in all tissues. A specific cell type or
tissue responsible for this background staining
could not be identified. In some cases the
high background staining prevented reliable
evaluation ofthe staining pattern. Staining with
OV-TL 3 was mainly confined to cell mem-
branes, but cytoplasm was stained faintly in
almost all cases. OV-TL 3 reacted strongly
(+ +) with the white cortex of the brain and
moderately (+) with the perineurium of peri-
pheral nerves. Moderate reactivity was also
observed with the endothelial cells and the
epithelium of sebaceous glands in the skin.
The ciliated epithelium of the bronchi were
moderately stained, whereas the pneumocytes
were negative. In the intestine both the goblet
cells and the plexus located in the submucosa
of the intestine and between the longitudinal
and inner circular muscle layers were stained
positively (fig 1). Positive staining was also
observed in the glomeruli of the kidney and
transitional cells of the bladder. A positive re-
action was also observed in epithelial cells of
the normal ovary, the Fallopian tubes, the en-
dometrium, and the cervix. Placental tropho-
blasts also stained positively. Weak reactivity
was observed in some other tissues (table 1).
On staining with OV-TL 3, a positive reaction
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Table 2 FACScan analysis following staining ofperipheral blood, bone marrow, and spleen cells of healthy individuals
with OV-TL 3, MOv18 and OC 125

OV-TL 3 MOv18 OC 125

Cell type FI Positive cells (%) FI Positive ceMls (%) FI Positive cells (%)

Peripheral blood lymphocytes
Mean 19-7 95-5 0-2 1-9 0-6 3-4
SD 14-6 4-1 0-2 2-0 0-2 1-5
n 2 2 3 3 2 2

Bone marrow
Mean 20-3 45-8 1-0 0-7 1-3 2-8
SD 12-6 5-6 1.1 1-4 09 40
n 4 4 4 4 4 4

Spleen
Mean 10-5 51-3 0-6 0-6 2-8 7-7
n 1 1 1 1 1 1

was observed in lymph nodes, spleen, tonsil,
and thymus. Further analysis was performed
using flow cytometry. When OV-TL 3 was

tested on fresh and fixed cell suspensions of
peripheral blood, bone marrow and spleen, a

clearly positive staining pattern was observed
in leucocytes (table 2). Double staining with
OV-TL 3 and the various immunological
markers on bone marrow cells and peripheral
blood showed variable but consistent positivity
in both T and B cells (data not shown). Both
the granulocyte and erythrocyte fractions were

negative.
MOv18 reacted moderately (+) with the

ciliated epithelium in the bronchi and weakly
(±) with the pneumocytes. The ductal epi-
thelium and acinar cells of the pancreas stained
positively. Furthermore, reactivity was ob-
served with the distal tubuli in the kidney (fig
1). The follicular epithelium of the ovary, the
epithelial lining of the Fallopian tubes, and the
placental trophoblasts also stained positively.
Weak reactivity (±) was evident in some other
tissues. In the thymus 10-20% of stromal cells
stained weakly, whereas lymphocytes and Has-
sall bodies were negative (table 1). In all tissues
staining with MOv18 was confined to the cell
membrane. On flow cytometry, no im-
munoreactivity was observed with cells from
peripheral blood, bone marrow or spleen.

OVARIAN CARCINOMAS
OV-TL 3 reacted positively with all 46 (100%)
ovarian carcinomas tested. The staining in-
tensity was strong in 33 and moderate in 11.
Staining was very weak in two carcinomas.
These tumours were derived from two patients
who underwent primary debulking surgery
with, respectively, moderately differentiated,
mucinous, ovarian carcinoma and well differ-
entiated, endometroid carcinoma of the ovary.
In most cases the carcinoma cells were homo-
geneously stained, with 90 to 100% of the
cells being positive. There was no difference
in staining pattern between different tumour
deposits from the same patient, although in 12
patients the intensity of staining varied between
different peritoneal metastases from faint to
strong.
MOv18 reacted with 45 (98%) of the 46

ovarian carcinomas tested. The staining in-
tensity was strong in 41 and moderate in three.
Two moderately differentiated mucinous
ovarian carcinomas showed very weak and neg-

ative staining, respectively. In positive tumours
more than 75% of the tumour cells were
stained. In four patients a difference in staining
pattern, ranging from negative to moderately
or strongly positive, between various peritoneal
metastases was observed. In five patients the
staining intensity varied from moderately to
strongly positive depending on tumour loc-
ation.
OC 125 reacted with 41 (89%) of the 46

ovarian carcinomas tested. Staining intensity
was strong in 31, moderate in eight and weak
in two. Tumours samples from five patients
were completely negative, two of whom had
recurrent disease diagnosed as poorly differ-
entiated serous ovarian carcinomas, while the
remaining three had primary disease diagnosed
as well differentiated endometroid, moderately
differentiated mucinous and poorly differ-
entiated serous ovarian carcinoma, respectively.
The reaction pattern of an ovarian carcinoma
tissue section on staining with OV-TL 3,
MOv18 and OC 125 is shown in fig 2.

Discussion
In the present study normal and ovarian car-
cinoma tissues were analysed for their reactivity
with OV-TL 3, m-MOvl8 and c-MOv18. OV-
TL 3 was previously reported by Poels et al to
be non-reactive with skin, stomach, prostate,
kidney, colon, liver, spleen, lung, and meso-
thelium.1 Weak staining was found in the
epithelial lining of the female genital tract such
as the endocervix, endometrial glands, Fal-
lopian tubes, and in some ovarian cysts. Our
study confirms the reported reactivity in the
female genital tract. We also observed reactivity
in bronchial epithelium, endothelial and epi-
thelial cells in the skin, goblet cells and ganglion
cells in the intestine, ductal and acinar cells in
salivary gland and pancreas, Langerhans' cells,
Kupffer cells, glomeruli in kidney, transitional
cells in the bladder, epithelial cells in breast,
placenta, and prostate, brain cells, and peri-
pheral nerves. The discrepancies might be ex-
plained by methodological differences. Poels et
al used an indirect immunofluorescence assay,
with possible fluctuations in specificity. Fur-
thermore, background staining observed with
OV-TL 3 might have obscured specific staining
in normal tissues.
The gene encoding the OV-TL 3 defined

antigen OA3 was cloned recently. 0 The antigen
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appeared to have a multimembrane spanning
domain structure with an as yet unknown func-
tion, but which may have a role in membrane
transport or signal transduction. On northern
blot analysis, the OA3 messenger RNA
(mRNA) was found in heart, brain, placenta,
lung, liver, skeletal muscle, kidney, and pan-
creas."0 In our immunohistochemical study
heart and muscle tissue were negative on stain-
ing with OV-TL 3, but these differences could
be due to the greater sensitivity of northern
blot analysis.
Although m-MOvl8 was originally reported

to be restricted to ovarian carcinoma,2 Stein et
alshowed immunohistochemical reactivity with
ductal epithelium in the pancreas and the sa-
livary glands, with Fallopian tube epithelium,
cervical tissue, glandular cells in the bronchus,
and with epithelial cells and/or secretions in
the lung.13 Our findings are in agreement with
their data. The antigen recognised by MOv18,
abundantly present on ovarian carcinoma cells,
is a high affinity FBP." 12 Recently, Ross et al
measured, using the polymerase chain reaction,
the relative mRNA levels for the two known
isoforms of FBP. Both forms were present in
low to moderate quantities in a wide variety of
normal and malignant tissues. More spe-
cifically, one of the isoforms was moderately
expressed in normal colon, spleen, thymus and
placenta, whereas the other isoform was highly
expressed in ovarian carcinomas and some
other tumours.'9 Our findings agree sub-
stantially with those of Weitman et al20 who
used immunohistochemical methods (MOvi 9)
to stain FBP. In contrast to our findings with
MOv18, these authors observed positive stain-
ing in the proximal tubules of the kidney, the
acinar cells in the breast, and focal staining in
the thyroid.20 Mantovani et al2' demonstrated,
on staining with MOvl 8, intense and moderate
staining in the Fallopian tubes and proximal
and distal tubules, and weak or focal staining in
the oesophagus, stomach, pancreas, mammary
gland, and thyroid. Weitman et al22 showed,
using immunoblotting and radioimmuno-
assays, expression ofFBP in the choroid plexus,
thyroid, kidney, and lung. A possible cor-
relation between MOv18 expression, the two
FBP isoforms, and any clinical consequence is
as yet unclear.

Radiolabelled OV-TL 3 and MOvl8 have
been used for radioimmunotargeting in
patients with ovarian carcinoma.346 9 The radio-
labelled antibodies localised preferentially in
ovarian cancer lesions, as shown by the positive
immunoscintigrams and high uptake of radio-
activity in tumour tissue compared with uptake
in normal tissues, such as skin, muscle, fat, and
normal peritoneum. Uptake in normal tissues
observed on immunoscintigrams was as ex-
pected. No changes in haematological or chemn-
ical profiles were observed after injection of

Figure 2 Reactivity of a poorly differentiated ovarian carcinoma tissue section with OV-
TL 3 showing (A) a heterogeneous pattern and background staining, with MOv18 (B)
showing homogeneous staining of the membrane, and with OC 125 (C) showing
heterogeneous staining of the apical side of the tumour cells.

radiolabelled OV-TL 3 F(ab')2 or c-MOvI8.69
OV-TL 3 was reported to be more useful for
immunolocalisation compared with OC 125
because it is more homogeneously distributed
within ovarian cancer tissue, the antigen is not
shed, and is more favourably distributed in
tumour bearing, athymic mice.2326
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In the present study OV-TL 3, MOv18 and
CA 125 reacted with 100%, 98%, and 89%
of the carcinomas examined, respectively. For
each monoclonal antibody, the sensitivity was

higher for serous ovarian carcinomas than
with other types. Both findings agree with
observations in other studies.' 151627 Het-
erogeneous staining intensity was observed
within different peritoneal metastases of the
same patient with all three monoclonal anti-
bodies.

In antibody based immunotherapy, uptake
of the monoclonal antibody in normal tissues
might be detrimental when a high dose of
antibody is required. However, it is unlikely
that low level expression of an antigen in normal
tissues will elicit side effects if the antibody
directed against this antigen is applied
clinically.28 Nevertheless, with an immuno-
conjugate based on OV-TL 3, specific damage
to leucocytes might cause serious side effects,
limiting effective therapy. The distribution of
MOvl 8 in normal tissue is more restricted
than that of OV-TL 3, making MOv18 a more

suitable candidate for immunotherapy. Thera-
peutic trials with this monoclonal antibody,
however, will have to be carefully planned in
view of the staining observed in the lung and
kidney.
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