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ABSTRACT

Epithelial cancer of the ovary spreads by implantation of tumor cells
onto the mesothelial lining of the peritoneal cavity. We have developed an
in vitro binding assay using confluent monolayers of normal peritoneal
mesothelial cells in order to assess the role of known adhesion proteins in
this process. Cells from normal ovarian surface epithelium and the ova
rian cancer cell lines CAOV-3 and SKOV-3 exhibited significant adhesion
to mesothelium in vitro (range 33-56% specific binding). Although these

cells expressed several adhesion molecules, including CD44 and integrins
such as a4ÃŸl, atSÃŸl,and avÃŸ3, only anti-CD44 antibody was capable of
inhibiting mesothelial binding (range 42-44% inhibition). Adhesion mole

cule expression was also determined for fresh ovarian specimens, with
CD44 being expressed in 2 of 2 cases of normal ovarian epithelium, 15 of
16 (94%) cases of tissue-derived tumor (from primary sites or peritoneal
implants), and only 2 of 8 (25%) cases of free-floating tumor cells from
ascites. Three of three CD44-positive cases derived from peritoneal im

plants exhibited significant mesothelial binding which was partly blocked
by anti-CD44 antibody, whereas 2 of 2 CD44-negative cases derived from
ascites showed minimal binding. CD44-mediated binding of ovarian can
cer cells was determined to be due to recognition of mesothelium-associ-

ated hyaluronate, suggesting that the CD44H isoform was involved in this
process. Immunoprecipitation of the CD44 species expressed by ovarian
cancer cells revealed 2 major bands at 85â€”90and 180 kDa, consistent with

the known molecular masses of CD44H. These results suggest that CD44H
may be an important mediator of ovarian cancer cell implantation and
that decreased CD44H expression may be associated with release of cells
into the peritoneal space during ascites formation. It is possible that
strategies to interfere with CD44H function may result in decreased in-

traabdominal spread of this highly lethal neoplasm.

INTRODUCTION

Epithelial cancer of the ovary is a highly lethal neoplasm due to its
propensity to form widespread tumor implants involving the upper
abdomen (1). Such implants are attached to the peritoneal mesothe
lium which lines the abdominal cavity, omentum, and bowel serosa,
eventually resulting in macroscopic nodules which often cause death
due to bowel obstruction. Typically, the tumor remains confined to the
abdominal cavity, both as peritoneal implants as well as free-floating

tumor cells contained within ascites, and patients may succumb to the
local complications of this disease without ever developing distant
mÃ©tastases.Cure of advanced ovarian cancer is difficult because of
both the inability to completely resect diffuse tumor involvement of
the peritoneal surface and the eventual development of resistance to
chemotherapy (1, 2).

It is likely that the interaction between an ovarian cancer cell and
the peritoneal mesothelium is mediated by specific adhesion mole
cules. In this regard, several classes of surface membrane molecules
capable of mediating cellular adhesion have been identified during the
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past decade, although the expression and function of these molecules
in ovarian cancer have not been extensively studied. Adhesion mole
cules may be grouped into at least three distinct structural classes,
comprised of the integrin heterodimers, the selectins, and the pro-

teoglycans. Integrins are a widely expressed family of heterodimers
comprised of a common ÃŸchain noncovalently associated with a
variety of a chains which confer ligand specificity (3, 4). The primary
function of the integrin heterodimers is to mediate cellular binding to
ECM3 proteins such as fibronectin, although certain integrins may

also recognize membrane-bound ligands as well. For instance, cell-

cell adhesion may be mediated through the a4ÃŸlintegrin heterodimer
via recognition of the VCAM-1 surface membrane protein (5). By

mediating recognition to ECM proteins, the integrins permit cellular
organization during embryogenesis (3), as well as homing of cells
within certain microenvironments such as the bone marrow (6, 7). By
mediating recognition of membrane-bound ligands, integrins such as

a4ÃŸlpermit cellular homing of lymphocytes to areas of inflammation
through recognition of VCAM-1 expressed by activated endothelial

cells (5, 8).
The selectins are single-chain, membrane-bound proteins with an

extracellular lectin-binding domain, an EOF motif, and several com

plement regulatory sequence repeats (4, 9). This group of adhesion
proteins mediates cellular recognition of carbohydrate ligands such as
the sialyl-Lewis-X moiety (10, 11). The distribution of selectins is

more limited compared to that of integrins, with these molecules being
expressed mainly by hematopoietic or vascular endothelial cells. Se
lectins expressed either by leukocytes (L-selectin; 12) or platelets
(P-selectin; 13) or by activated vascular endothelium (E-selectin; 9)

are important mediators of cellular homing to areas of inflammation.
Surface membrane-bound proteoglycans include syndecan and

CD44, molecules which function primarily as mediators of ECM
recognition. Syndecan is expressed by epithelial lineage cells such as
mammary duct epithelium and is known to bind to several ECM
proteins, including fibronectin, collagen, and thrombospondin (14).
The CD44 proteoglycan is expressed by a wide variety of cell types,
including epithelial cells and hematopoietic cells such as the lympho
cyte. This molecules may function as a lymphocyte homing receptor
through its ability to partly mediate lymphocyte recognition of high
endothelial venules of lymph nodes (15-17). CD44 is expressed in

lymphocytes as a proteoglycan with two forms of relative molecular
masses 85-90 and 180 kDa, the latter being thought to result from the
addition of chondroitin sulfate moieties to the 90-kDa backbone. The
90-/180-kDa species is also known as CD44H (hematopoietic), and it

functions as the major receptor for the ubiquitous ECM protein hy
aluronate (18). CD44 may also be expressed as several isoforms as a
result of differential splicing, although the functional significance of
these alternatively spliced variants is poorly understood (19-21).

3 The abbreviations used are: ECM, extracellular matrix; EOF, epidermal growth
factor; DFCI, Dana-Farber Cancer Institute; PCS, fetal calf serum; HBSS, Hanks' bal

anced salt solution without calcium or magnesium; MEM, minimal essential medium;
APAAP, alkaline phosphatase-anti-afkaline phosphatase; TBS, Tris-buffered saline; RT,
room temperature; PBS, phosphate-buffered saline; SDS, sodium dodecy! sulfate; PAGE,
polyacrylamide gel electrophoresis; UPN, unique patient number.
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A complete understanding of the adhesion molecules involved in
the interaction of ovarian cancer cells with peritoneal mesothelial cells
might provide a clinical strategy for interfering with the implantation
process, potentially reducing the morbidity and mortality of this dis
ease. However, despite an extensive knowledge of the expression and
function of adhesion proteins in cells of the hematopoietic system, the
role of these molecules in the intraperitoneal spread of ovarian cancer
has not been investigated. The goal of the present study was to define
the adhesion molecule profile of ovarian cancer cells and to determine
the functional significance of this expression using a quantitative
assay for measuring ovarian cancer cell adhesion to peritoneal me-

sothelium in vitro. Our data suggest that the CD44 molecule, as well
as several integrin species, is expressed by ovarian cancer cells and
that CD44 is capable of supporting binding of ovarian cancer cells to
mesothelial cells. Furthermore, we provide evidence to suggest that
this interaction is mediated by the CD44H isoform through recogni
tion of mesothelium-associated hyaluronate.

MATERIALS AND METHODS

Reagents. The following monoclonal antibodies which recognize human
adhesion proteins were used as part of this study: anti-CD44, IgGl, clone 515
(22); anti-CD29 (ÃŸl integrin)(23), IgGl, clone 4B4, a kind gift of Chikao
Morimoto, DFC1, Boston, MA; anti-CDw49d (VLA-4 a chain), clone HP2/1,
AMAC Inc., Westbrook, ME; anti-CDw49e (VLA-5 a chain), clone RAT16

(24), a kind gift of Dr. Kenneth Yamada, National Cancer Institute, Bethesda,
MD; anti-CD54 (ICAM-1), clone 84H10, AMAC; anti-VCAM-1, clone 4B9

(25), a kind gift of Dr. John HarÃan,Harborview Medical Center, Seattle, WA;
anti-L-selectin (LAM-1; 12), a kind gift of Dr. Thomas Tedder, DFCI; anti-E-
selectin (ELAM-1), clone CI26CIOB7, Endogen, Boston, MA; anti-P-selectin

(GMP140), clone GÃ¬.a kind gift of Dr. Rodger McEver, University of Okla
homa; anti-afÃŸ3, clone 609 (26), a kind gift of Dr. David Cheresh, Scripps
Clinic, La Jolla, CA. The OC-125 monoclonal antibody was developed by Dr.

Robert Bast (27, 28) at DFCI and was used for purification and phenotyping
studies involving ovarian cancer cells. As previously described, this antibody
reacts with the majority of cases of epithelial ovarian cancer. Other antibodies
used for cell characterization include anti-DF3 (29; a kind gift of Dr. Donald
Kufe, DFCI), mouse anti-human cytokeratin (clone MNF116) and mouse anti-

swine vimcntin (clone V9). both from Dako, CarpinterÃa, CA. Clone MD144
(D144) is a hyhridoma obtained from the American Type Culture Collection
which secretes an IgG 1 murine monoclonal antibody which is nonreactive with
the cells used in this study and serves as a negative control. PCS for colony
cultures was purchased from HyClone, Logan, UT. Media used in this study
were HBSS, MEM, RPMI 1640, and Iscove's modified Dulbecco's MEM
(Iscove's; Gibco, Grand Island. NY). Collagcnasc type I was from the Sigma

Chemical Co., St. Louis, MO, and deoxyribonuclease I was from Worthington
Biochemical Corp., Freehold, NJ.

Source of Cells. Ovarian epithelial carcinoma cell lines used in this study
include SKOV-3 and CAOV-3, both obtained from the American Type Culture
Collection (Rockville, MD) and cultured in Iscove's medium supplemented
with 20% PCS (20% FCS/Iscove's). An additional cell line, designated unique

patient 36 (UPN36), was developed in our laboratory from the malignant
ascites of a patient with moderately well-differentiated serous papillary carci
noma of the ovary by injecting 100 x 10'' cells, i.p., into a female Swiss nu/nu

athymic nude mouse (Taconic, Germantown, NY). Four weeks later, the animal
developed peritoneal implants, the largest being minced in a Petri dish (Falcon,
Becton-Dickcnson. Lincoln Park. NJ) in the presence of HBSS, followed by

digestion with collagenase type I (0.05%) and DNase I (0.01%) in 10%
FCS/RPMI 1640 for 2 h at 37Â°Cin order to obtain a tumor cell suspension.

After the cells were resuspended in HBSS to allow tissue clumps to settle, the
tumor cell suspension was collected and maintained in 20% FCS/Iscove's

containing 5 ng/ml rccombinant human EGF (culture grade; Amgen, Thousand
Oaks, CA) for 2 weeks. After this time period, the line was capable of
proliferating in the presence of only 10% FCS/RPMI 1640, without exogenous
EGF. This line is designated UPN36(T) to indicate its origin from tissue, as
opposed to ascites, and is reactive with anti-DF3 and anti-cytokeratin antibod

ies. DF3 is a marker of epithelial lineage commonly expressed by carcinoma
of the breast, stomach, and ovary (29) and the presence of cytokeratin excludes

fibroblast contamination. All epithelial cells used in this study grew as an
adherent monolayer which was removed by trypsin/EDTA treatment (Gibco)
prior to performing binding studies. The use of trypsin permitted rapid cell
harvesting and did not alter binding characteristics of NOSE, CAOV-3, or

SKOV-3 when compared to cells removed by EDTA treatment in the absence

of trypsin (data not shown).
Cells from normal ovarian surface epithelium were obtained as described

below from the ovaries of patients undergoing therapeutic oophorectomy for
hormonal treatment of breast cancer. These ovaries were grossly and micro
scopically uninvolved by tumor. Ovarian cancer cells from either the primary
tumor or from peritoneal implants were obtained under sterile conditions at the
time of exploratory laparotomy performed for the purpose of diagnosis and
tumor debulking. These cells were minced under sterile conditions and di
gested with collagenase/DNase as described above, followed by cryopreser-

vation in the vapor phase of liquid nitrogen in 10% dimcthylsulfoxide and 20%
PCS until used for phenotyping or binding studies as noted below. Ovarian
cancer cells and mcsothclial cells were also obtained from the malignant
ascites of ovarian cancer patients undergoing therapeutic paracentesis for the
relief of abdominal distension. Tissue procurement was approved by the
Institutional Review Board of the Dana-Farber Cancer Institute.

Isolation of NOSE and Peritoneal Mesothelium. The study of human
NOSE has been difficult because of inaccessibility of normal human ovaries
and lack of lineage-restricted markers of normal ovarian epithelium. Never

theless, methods have been developed in the rodent system which have been
applied in a limited way to the study of human NOSE (30). We have success
fully adapted the method of Auersperg el al. (31), in which normal ovarian
tissue from oophorectomy specimens is sectioned, the epithelial surface is
allowed to partially dry onto the surface of tissue culture dishes (Falcon), and
Iscove's media containing 20% PCS and 5 ng/ml of EGF is added. This

medium has been shown to support the growth of tissue derived from the
coelomic mesoderm (including peritoneal mesothelium, which is contiguous
with ovarian epithelium). Between 3 and 7 days in culture, outgrowths of
polygonal cells with a small, central nucleus and large amounts of cytoplasm
with a ruffled leading edge are observed, consistent with the appearance of
ovarian epithelial cells. At this point, the primary tissue mass is removed so as
to minimize fibroblast contamination, and the culture is allowed to become
confluent. The primary culture is cloned by limiting dilution in %-well mi-

crotiter plates in order to exclude fibroblast contamination, which can he
detected morphologically. The purity of the resulting epithelial culture is
determined by in situ staining as described below, which reveals keratin-
positive and weak to negative OC-125-reactive cells. The keratin positivily
excludes fibroblast contamination, and the weak/negative reactivity for OC-

125 is consistent with NOSE staining as reported by others (28). Mesothelial
cells are purified from malignant ascites of patients with ovarian cancer by an
adaptation of the method described by Rheinwald et al. (32, 33). Briefly,
ascites cells are washed twice in HBSS, resuspended at 5 X 10'Vml in 10%

FCS/RPMI 1640, and allowed to adhere in plastic flasks overnight. The non-

adherent fraction containing cancer cells, lymphocytes, and ncutrophils is then
removed, and the adherent fraction (enriched for mesothelial cells) is allowed
to grow in 20% FCS/Iscove's with EGF (5 ng/ml) and hydrocortisone (0.5

/xg/ml). Macrophages are diluted out with subsequent passaging of confluent
cultures, and fibroblast contamination is usually minimal and can be assessed
morphologically. As noted by Rheinwald (32), tumor cell outgrowth (as as
sessed by morphology and by staining with OC-125 or with DF3) under these

conditions is distinctly unusual. If fibroblast contamination is detected, the
mesothelial culture is cloned by limiting dilution. Mesothelial cells obtained in
this way have a typical morphology, comprised of spread out cytoplasm wilh
a ruffled leading edge and a small nucleus. We have also determined that these
cells express cytokeratin and vimentin intermediate filaments as reported by
others (32, 33), excluding contamination with either fibroblasts or endothelial
cells, which express vimcntin alone.

Purification of Fresh Ovarian Cancer Cells by Immunomagnetic Bead
Separation. In order to investigate the binding of fresh tumor cells to peri
toneal mesothelium using a chromium-labeling binding assay, highly purified

populations of tumor cells are necessary. In order to purify ovarian cancer cells
from either tumor implants or from ascites, cells were subjected to plastic
adherence for 2 h at 37Â°C(to remove adherent macrophages, mesothelial cells,

and fibroblasts), followed by treatment with OC-125 monoclonal antibody
(1:1000 dilution of ascites) for 30 min at 4Â°C.After the cells were washed
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twice in 2.5% FCS/MEM, the antibody-positive cells were isolated with 2
rounds of immunoselection with goat anti-mouse IgG-coated magnetic beads
(5 ml of magnetic bead suspension per 10'' cells, BioMag; Advanced Magnetics

Inc., Cambridge, MA) as previously described (34). Since tumors from the
majority of patients express the CA-125 antigen, and since the majority of cells
are CA-125 positive, this has proven to be a widely applicable technique for

most samples. In pilot studies we have determined that this technique results
in an approximately 4-fold enrichment of OC-125-positive cells with 70%

efficiency (data not shown). Since most of the tumor samples used in this
report contain 30-40% tumor cells prior to purification, the resultant enriched

fraction is >90% tumor cells as assessed by morphology and by OC-125

reactivity.
Indirect Immunofluorescence Analysis. Adhesion molecule expression in

cultured ovarian cancer cell lines, normal ovarian epithelium, and mesothelial
strains was determined by flow cytometric analysis. Cells (0.5 x 10h per

sample) were treated with the appropriate concentration of antibody for 30 min
at 4Â°C,followed by washing twice and labeling with fluorescein isothiocyan-

ate-conjugated goat anti-mouse immunoglobulin (Tago, Burlingame, CA) for
30 min at 4Â°C.After two additional washes, the cells were analyzed using a

Coulter Epics C flow cytometer (Coulter. Hialeah, FL).
Immunohistochemistry Analysis. The APAAP technique was used to as

sess adhesion molecule expression in fresh ovarian samples as previously
described (35). Fresh tumor samples obtained from tissue were processed for
APAAP staining by snap freezing in isopentane, followed by cryostat section
ing (6-8 firn) and fixation in acetone for 10 min at room temperature. Cells

from ascites were typically present in clumps which resisted digestion with
collagenase or with trypsin, preventing adequate analysis by flow cytometry.
Ascites samples were processed for APAAP staining by cytospin preparation,
fixation in acetonermethanol for 90 s, and transfer to TBS (0.05 MTris-HCl in

0.15 Msaline) for 5 min. Fixed slides from either cryostat sections or cytospin
preparations were then treated for 30 min at RTwith 50 /xl of primary antibody
diluted in TBS. After the cryostat or cytospin preparations were washed for 1
min in TBS, 50 p.1 of anti-mouse immunoglobulins (1:25 dilution in TBS;

Dako) were added and incubated for 30 min at RT, followed by washing as
above. APAAP complexes (50 /xl of a 1:50 dilution in TBS; Dako) were added
and incubated for 30 min at RT, followed by washing. The alkaline phosphatase
substrate was freshly prepared and consisted of 2 mg naphthol AS-MX phos

phate, free acid, 0.2 ml dimethylformamide, 9.8 ml 0.1 MTris buffer (pH 8.2),
1 Mlevamisole, and 10 mg Fast-Red TR salt (Sigma). Each slide was flooded

with substrate and incubated for 20 min at RT. After the slides were washed,
they were counterstained with hematoxylin and mounted with Glycergel
(Dako).

Assessment of Ovarian Cancer Cell Binding to Mesothelium. Mesothe
lial cells (1.5 X IO4) were added to flat-bottom microtiter wells (Nunc, Den
mark) in 100 ftl of 20% Iscove's supplemented with 5 ng/ml of EOF and 0.5

/xg/ml of hydrocortisone in order to permit cell growth to confluency (2-3

days). On the day of the binding assay, mesothelial monolayers were washed
twice in 1% FCS/MEM to remove EOF and hydrocortisone. Either NOSE,
ovarian cancer cell lines, or freshly purified ovarian cancer cells (10 X IO6)
were then labeled with 0.10 ml of 5ICr (1 mCi/ml, 200 Ci/g; New England
Nuclear. Boston, MA) for l h at 37Â°C,followed by washing in HBSS twice.
For most experiments, the cells were subsequently treated (30 min at 4Â°C)with

a variety of antibodies recognizing potential adhesion molecules, followed by
addition of 50-100 x IO1 cells/well to microtiter wells containing a confluent

layer of mesothelial cells in the continued presence of antibody. For some
experiments, the microtiter wells were first treated with either 10% FCS/RPMI
1640 or hyaluronidase type IV (bovine testes; Sigma) at 5 mg/ml in 10%
FCS/RPMI 1640 for l h at 37Â°C,followed by washing twice and addition of

chromium-labeled cells. Also, some microtiter wells were coated with human

umbilical cord hyaluronate (Boehringer Mannheim, Indianapolis, IN), 5 mg/ml
in PBS. 100 /xl per well, and allowed to incubate overnight at 37Â°Cprior to

performing binding studies. The plates were spun at 800 rpm for 5 min, and
binding was allowed to occur for 30 min at 37Â°C.This time period was chosen

based on the results presented in Fig. L4, as discussed below. After incubation,
the nonadherent cells were removed by 3 washes with 1% FCS/RPMI 1640,
followed by lysis of bound cells with 0.1% Nonidet P-40. The radioactivity of

each lysate was measured in a gamma counter. The mean cpm for each
treatment group was determined for quadruplicate wells. The percentage of
cells adhering to treated microtiter wells (mesothelium or hyaluronate) was

calculated as follows:

% specific binding = 100

[Mean cpm (treated surface) - Mean cpm (control surface)]

cpm (total) I

Immunoprecipitation. Ovarian lineage cells (7.5 x IO6) were suspended
in 300 /xl PBS and surface-labeled with 1 mCi Na-125I (I125, 17 Ci/mg, New

England Nuclear) and 1 unit lactoperoxidase (specific activity, 301 units/mg;
Calbiochem, La Jolla, CA) for 4 min at 4Â°Cin the presence of 10 /xl H2O2

(1:1000 dilution in PBS: Sigma) added at the beginning and at 2 min into the
incubation period. After the cells were washed 3 times in PBS, they were
suspended in 1 ml lysis buffer for 30 min at 4Â°C(1% Nonidet P-40, Tris 50 mm,

NaCI 150 ITIM)containing 100 mw phenvlmethylsulfonyl flouride, 0.135
trypsin inhibitory units of aprotinin, and 40 /J.Mleupeptin (Sigma). Following
lysis, the solubilized fraction was obtained by centrifugation (14,000 rpm X 30
min) to remove insoluble debris, followed by preclearing with 50 fil of a 1:1
slurry of lysis buffer and protein A-Sepharose beads (type CL-4B; Pharmacia,
Piscataway, NJ) precoated with polyclonal rabbit anti-mouse immunoglobulin

(Dako). After the material was centrifuged. the precleared supernatant was
incubated either with an isotype-identical irrelevant antibody (D144) or with
anti-CD44 antibody and rabbit anti-mouse immunoglobulin-coated protein
A-Sepharose beads for 15 h at 4Â°C,followed by pelleting and washing 3 times

in lysis buffer. The immunoprecipitate was boiled for 5 min at IOOÂ°Cin

nonreducing conditions and analyzed by SDS-PAGE, followed by autoradiog-

raphy.
Statistical Analysis. Significance levels for comparison between treatment

groups in binding assays were determined using the two-sided Student's / test

for paired samples. The X2 test was used for comparing proportions of CD44-

positive samples derived from either tissue and ascites.

RESULTS

Ovarian Cancer Cells Bind to Peritoneal Mesothelium in Vitro,
In order to determine the kinetics of ovarian cancer cell binding to
mesothelium /;/ vitro, the CAOV-3 line was chromium labeled and

allowed to bind to confluent peritoneal mesothelium in microtiter
wells for up to 2 h at 37Â°Cas described, with the results of a typical

experiment shown in Fig. L4. CAOV-3 cells were observed to bind to
peritoneal mesothelium in a time-dependent manner, with peak spe

cific binding occurring after 30 min of incubation. Longer times
resulted in higher background counts due to increased binding of cells
in the control group to plastic. Similar binding kinetics were observed
for NOSE and SKOV-3 cells (data not shown). For this reason, an

incubation time of 30 min was used for all subsequent binding assays
performed in this study. As shown in Fig. IÃŸ,NOSE, SKOV-3, and
CAOV-3 demonstrated significant binding to mesothelium under

these conditions, with values of 33 Â±4, 56 Â±12, and 48 Â±7%,
respectively (mean Â±SEM, n = 3 experiments). The typical appear
ance of binding of CAOV-3 to mesothelial cells is shown in Fig. 1C.

Adhesion Molecule Expression in NOSE, Ovarian Cancer Cell
Lines, and Peritoneal Mesothelium. In order to determine which
adhesion proteins might be involved in the binding observed in Fig.
IÃŸ,the adhesion molecule profile of NOSE, SKOV-3, CAOV-3, and

peritoneal mesothelial cells was determined by flow cytometry, with
the results summarized in Table 1. As stated previously, the purity of
NOSE and of mesothelium was confirmed by APAAP staining, which
for both cell types revealed strong keratin positivity and weak vimen-

tin staining. The CD44 molecule was expressed on the majority of
cells from each cell type tested. In addition, ÃŸlintegrins were also
expressed by all cell types, including potential receptors for fibronec-

tin (a4ÃŸland a5ÃŸl;Ref. 3). Interestingly, mesothelial cells expressed
the VCAM-1 molecule, which is a known ligand for a4ÃŸl (5), sug
gesting a possible role for this receptor-ligand pair in ovarian cancer
cell binding. The avÃŸ3receptor for fibronectin, vitronectin, fibrino-
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15000

Fig. 1. A, kinetics of CAOV-3 binding to peri
toneal mesothelium. The CAOV-3 ovarian cancer
cell line was chromium labeled, and KKUKK)cells
were added to each microtitcr well (in quadrupli
cate) containing a confluent layer of peritoneal
mesothclial cells. Binding was allowed to occur for
up to 2 h at 37Â°C,followed by analysis of mean

bound cpm as described in text. Total bound counts
(â€¢)refers to total cpm bound It) mesothelium. Non
specific bound counts (D) refers to cpm bound to
microtiter wells in the absence of mesothelium
(i.e., bound to plastic). Specific bound counts (A)
â€”¿�[total bound cpm] - [nonspecific bound cpm].
Results from one of three representative experi
ments are shown. B, binding of ovarian lineage
cells to peritoneal mesothelium. NOSE. SKOV-3.
and CAOV-3 were chromium labeled and allowed
to bind to peritoneal mesothelium for 30 min at
37Â°Cas described. Data are expressed as means
(columns) Â±SEM (bars) r/r,specific binding from
three separate experiments. C, Wright's Oiemsa

stain of CAOV-3 cells bound to peritoneal me

sothelium. Mesothelial cells are large and polygo
nal, with a small, round nucleus. CAOV-3 ovarian

cancer cells are significantly smaller and tend to
localize along the mesothelial cell border. Space
between mesothelial cells represents retraction ar
tifact induced by methanol fixation.
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Table 1 Adhesion molecule expression by NOSE, ovarian cancer cell lines, and
peritoneal mesothclial cells

Adhesion
molecule"CD44ÃŸl

subunit(CD2<))a4ojai/ÃŸ3ÃŸ2

subunit (CD18)VCAM-1ICAM-1

(CD54)L-selectinE-selectinP-selectinNOSEfc98

d9848977805750000CAOV-398996596890069000Cell

typeSKOV-3979654966700NT''000Mesothelium'95980956708933000

" Sources for antibodies used for phenotyping analysis are referred to in "Materials and
Methods."

'' NOSE were obtained from normal ovary specimens and maintained in 20% PCS/
Iscove's medium containing 5 ng/ml of EOF as described in "Materials and Methods."

' Mesothelium refers to cultures of peritoneal mesothelial cells obtained from malig

nant ascites and maintained as stated above for NOSE.
'' Data are expressed as percentage of positive cells as determined by flow cytometric

analysis after subtraction of the background fluorescence obtained with an irrelevant
control antibody.

'â€¢NT, not tested.

gen, and von Willebrand's factor was also expressed by all cell types

(26). Although ICAM-1 was expressed by mesothelium, ÃŸ2integrins

were not expressed by ovarian lineage cells. Thus, although certain ÃŸ2
integrins (aLÃŸ2,orMÃŸ2)are responsible for ICAM-1 recognition (4),

it is unlikely that this pathway is involved in ovarian cancer cell
binding to mesothelium. None of the three known selectin molecules
was expressed by ovarian or mesothelial cells.

CD44 Partly Mediates the Binding of Ovarian Cancer Cell
Lines to Peritoneal Mesothelium. In order to determine the func
tional relevance of CD44 and integrin expression by ovarian cancer
cells, binding studies were performed in the continued presence or
absence of neutralizing antibodies against ÃŸl(4B4), avÃŸ3(609),
a4ÃŸl(HP 1/2), VCAM-1 (4B9), and CD44 (515). HP 1/2 was used at

a final concentration of 20 /ng/ml, since we have previously shown
that this concentration is neutralizing against fibronectin binding (36).
Anti-VCAM-1 antibody was used at a final concentration of 20 /Ag/ml
as previously reported (25). For most experiments, anti-ÃŸl,anti-ai'ÃŸS,
and anti-CD44 antibodies were used as ascites at a final dilution of
1:500, since these concentrations are approximately 5-fold higher than
those required to saturate binding sites as estimated by flow cytom-

etry. As shown in Fig. 2, the only antibody capable of blocking ovarian
cancer cell line binding to mesothelium was anti-CD44, which sig

nificantly reduced binding by 44 Â±7% for SKOV and by 42 Â±9%
for CAOV (mean Â±SEM, n = 3 experiments, P = 0.01). Increasing
the concentration of anti-CD44 antibody to a 1:100 dilution did not

further increase the blocking effect, and increasing the concentration
of either anti-ÃŸlor of anti-ai^3 to 1:100 did not affect binding. In

order to exclude a combined effect of either ÃŸl integrins, ÃŸ3integrins,
or VCAM-1, cells were incubated with CD44 plus various combina

tions of all other neutralizing antibodies, resulting in no added effect
over that observed with anti-CD44 alone (data not shown).

Fresh Ovarian Cancer Samples Express CD44. These data sug
gest that both cultured NOSE and ovarian cancer cell lines express
CD44 and that they bind to peritoneal mesothelium partly through a
CD44-dependent mechanism. In order to determine whether CD44
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CAOV-3

SKOV-3

IÃ‰ÃŒ--I

D D144

Q anti-beta-1

E3 anti-alpha-4

â€¢¿�anti-VCAM-1

B anti-avB3

â€¢¿�ami CD44

0 10 20 30 40 50 60 70 80

% Specific binding

Fig. 2. Effects of neutralizing anti-adhesion molecule antibodies on binding of ovarian
cancer cell lines to mesothelium. CAOV-3 and SKOV-3 cells were chromium labeled and
treated with a variety of anti-adhesion molecule antibodies as indicated (30 min. 4Â°C),

followed by assessment of binding to mesothelium in the continued presence of antibody.
D144 is a murine monoclonal IgGl which is nonreactive with either CAOV-3, SKOV-3,
or mesothelium. Antibody pretreatment of mcsothelial cells in addition to ovarian cancer
cells did not alter results. Data expressed as means (columns) Â±SEM (bars) % specific
binding from three separate experiments.

expression is a characteristic of fresh ovarian epithelial neoplasms, as
well as cell lines, we performed APAAP analysis on cryostat and
cytospin preparations from 24 samples obtained from 13 separate
patients with papillary serous carcinoma of the ovary; the results are
summarized in Tables 2 and 3. In some patient samples, such as UPN
39 and 41, specimens were available from both an implanted tumor
nodule, designated with the suffix (T), and from ascites, designated
with the suffix (A). CD44 expression by tumor cells was noted in 15
of 16 (94%) samples derived from implants but only 2 of 8 (25%)
specimens derived from ascites (P = 0.0026; Fig. 3). This suggests

that fresh tumor cells, as well as ovarian cancer cell lines, are capable
of expressing CD44 and that expression of this adhesion protein may
be correlated with ability of cells to form implanted nodules. In
contrast to data obtained from cell lines, no case of fresh ovarian tissue

expressed a4ÃŸl. The expression of the fibronectin receptors a5ÃŸl
and avÃŸ3was variably observed in tumor cells derived from either
tissue or ascites (Tables 2 and 3). Finally, CD44 expression was noted
in ovarian surface epithelium from 2 of 2 normal oophorectomy
specimens, consistent with the results observed for cultured NOSE
(Table 1).

CD44 Expressed by Fresh Tumor Cells Partly Mediates Binding
to Peritoneal Mesothelium. In order to determine the functional
relevance of adhesion molecule expression by fresh ovarian tumor
cells, binding studies were performed using purified tumor cells from
either nodules or ascites samples. Briefly, samples were first depleted
of fibroblasts, macrophages, and mesothelial cells by two sequential
plastic adherence steps, followed by positive selection of tumor cells
using the OC-125 monoclonal antibody in conjunction with immuno-
magnetic beads. The OC-125 antibody typically recognizes >90% of

tumor cells in the specimens used for these studies, and in pilot
experiments we have determined that this procedure results in an
approximately 4-fold purification with >90% purity and <30% tumor
cell loss. Significant shedding of the OC-125 antibody occurs after an

overnight incubation, permitting subsequent phenotyping analysis to
be performed using either OC-125 or DF3 for assessment of cell

purity.
Binding analysis was performed using purified tumor cells in the

presence or absence or neutralizing antibodies recognizing either
CD44 or CD29; the results are shown in Fig. 4. Significant binding to
mesothelium was noted only for tumor cells derived from nodules,
and this binding was partly inhibited by anti-CD44 antibody. These

data suggest that CD44 is partly responsible for the binding of fresh
ovarian tumor specimens to peritoneal mesothelium and that the ma
jority of tumor cells present in ascites are CD44 negative and bind
poorly. There was no effect of anti-CD29 antibody, either alone or in

combination with CD44 (Fig. 4).
CD44 Mediates Ovarian Cancer Cell Binding through Recog

nition of Mesothelial-associated Hyaluronate. Hyaluronate is a ma

jor ligand for CD44, and the CD44H isoform preferentially binds to
this ECM protein (18, 37). However, several other isoforms exist for
CD44, including a recently described CD44E variant, raising the
possibility that CD44-mediated binding may be occurring through
other, as yet unidentified, ligands for CD44 (19-21). In order to

determine whether CD44 expressed by ovarian cancer cells recognizes

Table 2 Adhesion molecule expression by ovarian cancer cells derived from tissue

UPN"UPN36(T)UPN39(T)UPN41(T)UPN42(T)UPN42(T)UPN43(T)UPN44(T)UPN45(T)UPN45(T)UPN45(T)UPN45(T)UPN46(T)UPN47(T)UPN50(T)UPN5()(T)UPN51(T)Total

positivePreparation''CytospinCryostatCryostatCryostatCryostatCytospinCytospinCytospinCytospinCytospinCryostatCryostatCryostatCryostatCryostatCryostatSourcerPeritoneum1'1Â°

ovaryOmentumPeritoneumOmentum1Â°

ovaryLymph

nodeL
varyR
ovaryOmentumCul-de-sacOmentum1Â°

ovary1Â°
ovaryOmentumOmentumCD44d

VCAM-1 Ã¶SavÃŸ3+

+ +++
++
NT+

-NT+
+NT+NT/

NTNT+
+ +++
â€”¿� +++
+ +++

+NT+
-1- +NT+

+NT+-1-

++
++15/16(94%)

4/15(26%) 10/15(67%) 6/9(67%)
" Cells were obtained from fresh tumor tissue (T) of 11 separate patients as indicated.
h For cytospin preparation, tumor tissue was minced and treated with collagenase type I and DNAse as described to produce a cell suspension. For cryostat preparation, tissue was

snap frozen in isopentane, followed by cutting l2-/xm tissue sections on a microtome.
c 1Â°ovary, primary ovary; L, left; R. right; All histologies were papillary serous cystadenocarcinoma.
''See Table 1. Antibody reactivity was determined by the APAAP technique.
â€¢¿�'Ovarian cancer cells ( 100 X IO6) from ascites (UPN36(A)] were injected i.p. into a Swiss nulnu athymic nude mouse. Cells from a serosal implant were isolated after 4 weeks,

passaged in tissue culture, and referred to as UPN36(T).
/NT. not tested.
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Table 3 Adhesion molecule expression by ovarian cancer cells derived from osciles

UPN"UPNIO(A)

UPNDD(A)
UPN36(A)
UPN39(A)
UPN41(A)
UPN45(A)
UPN50(A)
UPN51(A)
Totalpositive"
See Table 2.

* See Table 2.
' Tumor cell clumps were e;
â€¢¿�'See Table 2.
'' NT, not tested.Preparation

hCytospin

Cytospin
Cytospin
Cytospin
Cytospin
Cytospin
Cytospin

Cytospinisily

identified inSource

rAscites

Ascites
Ascites
Ascites
Ascites
Ascites
Ascites

Ascitesthese

preparations (see Fig.CD44

â€¢¿�'2/8

(25%)3C),

and their lineageVCAM-1NT'

1/7(14%)was

verified by staining witha5NT

2/7(28%)the

OC- 125 antibody.avÃŸ3NT3/7

(42%)

Fig. 3. APAAP staining of ovarian cancer tissue and ascites. Ovarian tumor tissue and ascites from a patient with serous papillary adenocarcinoma were analyzed for CA-125 and
CD44 expression as indicated. A, papillary serous tumor strongly expresses CA-125 (represented by black staining). B, different cryostat section of same tumor reveals a surface
membrane staining pattern for CD44. C tumor clumps present in ascites from the same patient strongly express CA-125, whereas the surrounding mesothelial cells are negative. D,

tumor clumps in ascites are negative for CD44. The positive staining on the periphery of tumor clumps is due to CD44 expression by surrounding mesothelial cells.

hyaluronate produced by peritoneal mesothelium, we pretreated either
confluent mesothelium or hyaluronate-coated wells with media alone

or with hyaluronidase as described before, followed by washing twice
in 1% FCS/MEM to remove the enzyme. Binding with SKOV-3 cells

was performed as previously described, and the results are summa
rized in Fig. 5. SKOV-3 demonstrated significant binding to hyalur

onate, and this binding was almost completely blocked by the addition
of either anti-CD44 antibody or by pretreatment with hyaluronidase.
In these experiments, SKOV-3 cells were pretreated with anti-CD44
antibody for 30 min at 4Â°C,followed by binding in the continued

presence of antibody. SKOV-3 binding to fibronectin was not inhib
ited by either anti-CD44 or pretreatment of fibronectin-coated wells

by hyaluronidase, demonstrating the specificity of this effect for hy

aluronate (data not shown). These results suggest that the conditions
of anti-CD44 and hyaluronidase treatment were sufficient to com
pletely abrogate hyaluronate binding. For SKOV-3 binding to me
sothelium, either anti-CD44 antibody pretreatment (of SKOV-3) or

hyaluronidase pretreatment (of mesothelium) inhibited binding to an
equivalent amount, and the addition of these two treatments did not
result in an additive effect (Fig. 5). This suggests that CD44 is me
diating binding solely through recognition of mesothelium-associated

hyaluronate. As previously observed, binding to mesothelium is not
completely abrogated by either anti-CD44 antibody or by hyalu

ronidase, suggesting that additional adhesion molecule interactions
are involved in this process. Since mesothelial cells express CD44
(Table 1), we considered the possibility that ovarian cancer cell-
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UPN39(A)

UPN36(A)

0 10 20 30 40 50 60 70 80

% Specific binding

Fig. 4. Effects of anti-adhesion molecule antibodies on the binding of freshly purified
ovarian cancer cells to mesothelium. Tumor cells were purified from either ascites (A) or
from (issue implants (T) using Â¡mmunomagnetic beads as described, followed by chro
mium labeling, antibody pretreatment, and binding to mesothelium as described (see Fig.
2). Data are expressed as means (columns) Â±SEM (bars) % specific binding from two
separate experiments.

medium

anti-CD44

hyaluronidase

anti-CD44+hyaluronidase

(A

mesothelium hyaluronate

Binding target

Fig. 5. Effects of hyaluronidase on the binding of ovarian cancer cells to peritoneal
mesothelium or to hyaluronate. Microtiter wells were coated with either confluent me-

sothelial cells or with hyaluronate as described, followed by pretreatment with either 10%
FCS/RPMI 1640 (medium) or wilh hyaluronidase (5 mg/ml 10% FCS/RPMI 1640) for 1
h at 37Â°C.After washing twice in 1% FCS/MEM. binding was performed using chromi

um-labeled SKOV-3 cells in the presence or absence of anti-CD44 antibody as indicated.
Cell binding to hyaluronate was almost completely abrogated by either anti-CD44 anti
body or hyaluronidase. whereas binding to mesothelium was only partially inhibited by
each treatment. The absence of an additive effect of anti-CD44 antibody plus hyalu
ronidase treatment suggests that CD44 mediates binding solely through recognition of
mesolhelium-associated hyaluronate. Columns, means; bars, SEM.

associated hyaluronate may be contributing to binding in this system.
However, pretreatment of SKOV-3 cells with hyaluronidase does not

significantly inhibit their binding to mesothelium (data not shown).
Binding to Mesothelium Is Associated with Expression of

CD44H. These results suggest that ovarian cancer cells which bind to
peritoneal mesothelium may express the CD44H isotbrm, which has
been previously shown to function as a hyaluronate receptor (37). In
order to determine the pattern of CD44 isoform expression by ovarian
cancer cells, we surface labeled NOSE, CAOV-3, and UPN 36(T) with
I25I, followed by immunoprecipitation with either control antibody or

with anti-CD44; the results of subsequent SDS-PAGE analysis are
shown in Fig. 6. In each case, two bands of approximately 85-90 and

190 kDa were observed, corresponding to the expected molecular
masses of the CD44H isoform. An additional band was consistently

noted at approximately 110 kDa, especially prominent for NOSE and
CAOV-3, associated with several fainter bands in the 100- to 120-kDa
range. A similar pattern was observed for the SKOV-3 cell line (data
not shown). The previously reported 130- to 150-kDa species char

acteristic of the CD44E variant was not observed (37).

DISCUSSION

Epithelial cancer of the ovary spreads primarily by tumor cell
implantation onto the peritoneal mesothelium which lines the abdom
inal cavity. Despite the importance of this phenomenon in mediating
the morbidity and mortality of this disease, the mechanisms by which
ovarian cancer cells bind to peritoneal mesothelium have not been
extensively studied. In this study, confluent monolayers of normal
peritoneal mesothelial cells were used as targets for measuring the
binding of chromium-labeled ovarian cancer cells in vitro. By using

this technique, we have shown that NOSE, ovarian cancer cell lines,
and some cases of freshly purified ovarian cancer specimens exhibit
significant and reproducible in vitro binding to mesothelial cells,
thereby permitting an investigation of the role of known adhesion
molecules in this process.

We have found that NOSE ovarian cancer cell line and freshly
isolated ovarian cancer specimens each express several potentially
relevant adhesion molecules, including the CD44 protein and integrin
species such as aSÃŸiand avÃŸ3.Not unexpectedly, there was a no
table absence of ÃŸ2integrins and selectins in ovarian and mesothelial
cells, consistent with the restricted expression of these adhesion mol
ecules in cells of the hematopoietic or endothelial lineage (4). We
included the CD44 molecule in our initial evaluation in view of its
widespread distribution and its known ability to mediate several ad
hesion interactions. These include lymphocyte binding to high endo
thelial venules (15-17), as well as murine B-cell hybridoma binding

to bone marrow strema (38), the latter event being mediated in part
through hyaluronate recognition. We found that CD44 is expressed by
ovarian cancer cell lines such as SKOV-3 and CAOV-3 but is also

expressed by cultured NOSE, suggesting that the ability to express
CD44 is not a distinct property of the malignant phenotype. It is
possible that CD44 expression by NOSE is a property of proliferative
epithelium cultured in vitro under the conditions used in our study.
However, in situ staining of fresh-frozen normal ovarian tissue from

two separate oophorectomy specimens suggests that CD44 expression
is a constitutive property of NOSE in vivo. The results of antibody
blocking studies demonstrate that CD44 expressed by ovarian cancer

NOSE CAOV-3 UPN36(T)

â€¢¿� I

116-

85-

80-

antibodies: ? S
Q Ãœ

â€¢¿�Â«a-

SÃœ O

Fig. 6. Immunoprecipitation of CD44 expressed by ovarian lineage cells. NOSE,
CAOV-3, or UPN36(T) were surface labeled with 125I, followed by lysis, immunopre
cipitation with either D144 or anti-CD44 antibody, and SDS-PAGE analysis under non-
reducting conditions as described in text. Two bands at approximately 85-Â°()and 180 kDa

are observed, corresponding to the expected molecular mass of the CD44H isoform. An
additional band at 1(K)kDa is also observed, associated with several fain! bands between
100 and 120 kDa. There was no evidence for surface expression of the CD44E isoform,
which would be expected to migrate in the 130- to 150-kDa range.

3836

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/53/16/3830/2451344/cr0530163830.pdf by guest on 19 M

ay 2023



OVARIAN CANCER CELL BINDING TO PERITONEAL MESOTHELIUM

cell lines is partly responsible for mesothelial attachment in vitro (Fig. c-nu/nu mice (40). Thus, enhancement of malignant behavior may not
2) and that this process is dependent on recognition of mesothelium-

associated hyaluronate (Fig. 5). In addition to cell lines, CD44 ex
pression was found in many, but not all, specimens of freshly isolated
ovarian tumor cells. In our sample of fresh tumor cases, CD44 ex
pression was associated predominantly with cells derived from tumor
implants rather than cells from ascites, providing indirect evidence for
the importance of this molecule in the implantation process (Tables 2
and 3). The physiological significance of these observations was con
firmed by demonstrating significant binding only for purified fresh
tumor samples which express CD44, with this binding being partially
inhibited by anti-CD44 antibody (Fig. 4). Interestingly, 2 of 8 cases of

cells derived from ascites also showed CD44 expression (Table 3),
although there were insufficient cells available for purification and
subsequent binding analysis. The observation that ovarian cancer cells
present in ascites sometimes express CD44 suggests that this molecule
may be necessary, but not always sufficient, for tumor cell implanta
tion onto peritoneal mesothelium.

The only CD44 isoform thus far associated with significant hyalu
ronate binding is CD44H, which has molecular masses of 85-90 and

180 kDa, the latter species being thought to represent the addition of
chondroitin sulfate moieties to the 90-kDa backbone (16). However,

the relationship between these two forms is not well understood, with
some investigators reporting an inability to convert the 180-kDa spe
cies to 90-kDa after digestion with chondroitin A-C lyase (37). It has
also been suggested that the 180-kDa species might be a disulfÂ¡de
linked homodimer of the 90-kDa form, although no significant change

in migration has been observed when CD44 was electrophoresed
under reducing conditions (37). Nevertheless, the 180-kDa species is
expressed in CD44-negative cells transfected with a CD44H cDNA,

suggesting that this form represents posttranslational modification of
the CD44H gene product (37). In the present report, each of the
CD44-positive ovarian cells capable of binding to mesothelium ex
pressed both the 90- and 180-kDa species (Fig. 6). This pattern is

consistent with the known molecular masses of the CD44H isoform
and the ability of ovarian cancer cells to recognize hyaluronate. In
terestingly, we observed at least one additional band of relative mo
lecular mass approximately 110 kDa, possibly representing another
CD44 splice variant, posttranslational modification of CD44H, or an
undescribed CD44-associated protein. The physiological significance

of this additional species is uncertain, especially since it represents
<10% of the total amount of CD44 present as determined by densi-

tometric analysis (data not shown). An additional band was present at
the top border of the gel, suggesting the presence of either insoluble
material or a high molecular weight species which did not enter the
gel.

In addition to encoding for the standard CD44H isoform, the CD44
gene contains 5 additional domains which are variably incorporated
into mRNA through differential spicing (21). Several CD44 variants
have been identified in the human (19, 37, 39), including a form
expressed in epithelial cells known as CD44E. Compared to CD44H,
the CD44E variant contains sequences from domains IV and V, en
coding for an additional 135 amino acids in its extracellular domain.
In contrast to CD44H, CD44E does not appear to be a major receptor
for hyaluronate (37). At present, the function and ligand specificities
of CD44 variants are not known, although it appears that certain
variants, such as those containing sequences from domain III, confer
increased metastatic potential when transfected into a rat pancreatic
carcinoma cell line (20). Likewise, aberrant expression of CD44 vari
ants appears to be a characteristic of the malignant phenotype in breast
and colon cancer (39). However, transfection of CD44H, but not
CD44E, has been observed to confer increased local tumor formation
and metastatic spread of the Namalwa B-cell lymphoma line in Balb/

be an exclusive property of variant CD44 isoforms and may occur in
association with CD44H expression as well.

The present study provides evidence for a direct role of CD44H, as
opposed to other CD44 variants, in mediating an important first step
in the metastatic process of an ovarian cancer cell, namely, adhesion
to mesothelium. Our data do not exclude the possibility that expres
sion of additional CD44 splice variants may be associated with sub
sequent lymphatic or hematogenous spread, as suggested by other
investigators (20, 39), although this pattern of metastasis is unusual in
most cases of newly diagnosed ovarian cancer. In this regard, it would
be interesting to determine whether additional CD44 variants become
expressed during the course of disease progression in patients with
ovarian cancer, especially in those who develop metastasis to extraab
dominal sites. Finally, although the ovarian cancer cells which bind to
mesothelium in our study express the CD44H isoform, it is likely that
heterogeneity in CD44 expression will be observed when additional
samples are investigated. For example, ovarian cancer cells which
have been shed from peritoneal implants and are present in ascites (or
which have metastasized to extraabdominal sites) may fail to express
CD44H, may express it at lower surface density, or may express a
CD44 isoform which is not capable of mediating mesothelial binding.
The fact that several of our ovarian cancer cell samples from ascites
were CD44 negative is consistent with this hypothesis.

Although our experiments suggest that CD44-positive ovarian can
cer cells recognize mesothelium-associated hyaluronate, the physio

logical relevance of this observation for understanding implantation
in vivo remains unknown. For instance, it is possible that mesothelial
cells in vivo do not constitutively produce hyaluronate and that it is
produced only in response to the growth conditions used in our bind
ing assay. In preliminary experiments, we have shown that several of
the ovarian cancer specimens used in this study are capable of peri
toneal implantation in female Swiss-nu/nu athymic nude mice, and we

plan to use this model system to more precisely determine the con
tribution of CD44 to peritoneal implantation in vivo.

In addition to CD44H, our data suggest that additional adhesion
proteins must also be involved in the process of implantation. We are
currently generating monoclonal antibodies in an attempt to identify
these additional adhesion molecules on the basis of their ability to
neutralize binding in vitro. A complete identification of the molecules
involved in ovarian cancer cell implantation may eventually permit
the development of specific binding antagonists capable of preventing
or inhibiting intraabdominal tumor spread in the clinical setting.
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