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ABSTRACT

Previously, we have shown that galaptin, an endogenous ÃŸ-galactoside-

binding lectin, is present in extracellular matrix where it may participate
in the adhesion of AI21 human ovarian carcinoma cells to extracellular
matrix via interaction with specific cell surface carbohydrate receptors.
We now report that A121 cells adhere to polystyrene plates coated with
polymerized human splenic galaptin. The carbohydrate-mediated speci

ficity of this adhesive interaction was demonstrated by inhibition with
lactose. Additionally, treatment of A121 cells with neuraminidase in
creased cellular adherence by 30%, while ÃŸ-galactosidase treatment of

cells decreased adherence by 65%. These findings prompted us to isolate
and identify the cell surface galaptin receptor. I25l-labeled polymerized

galaptin. In a Western blot of A121 cell extracts separated by sodium
dodecyl sulfate-polyacrylamide gel electrophoresis, bound to a unique

cellular protein having a molecular mass of 110 kDa. This receptor was
enriched by affinity chromatography using polymerized galaptin-
Sepharose. Treatment of this material with tV-glycanase ablated its
galaptin-binding activity. In related studies, A121 cells metabolica!!} la
beled with [â€¢<H]glucosaminedemonstrated a radiolabeled polymerized

galaptin-binding protein with an identical molecular mass of 110 kDa.

These studies confirmed the glycoprotein nature of this putative endoge
nous cellular galaptin receptor. Further studies with antibodies directed
against two lysosomal associated membrane proteins, lamp-1 and
lamp-2, demonstrated specific reactivity in Western blots with the 110-
kDa glycoprotein. Additionally, I25l-polymerized galaptin recognized a

110-kDa protein in Western blots of material immunoprecipitated from
A121 cell lysates by lamp-1 and lamp-2 antibodies. Finally, indirect im-

munofluorescence using antibodies directed against lamps detected cell
surface antigenicity. Therefore, lamp-1 and/or lamp-2 appear to be the

putative cell surface receptors involved in the adhesion of ovarian carci
noma cells to extracellular matrix mediated by galaptin.

INTRODUCTION

Endogenous vertebrate lectins with ÃŸ-galactoside-binding specific

ities have been detected in a wide variety of cells and tissues obtained
from various species (1-4). S-type lectins are a specific class of
ÃŸ-galactoside-binding lectin and are characterized as soluble, low
molecular weight proteins for which the carbohydrate-binding activity

is divalent cation independent and usually thiol dependent (5). A
major S-type lectin. frequently isolated from mammalian tissues as a
native 30-kDadimer consisting of identical 14.5-kDa subunits (1-3,6,

7), is defined herein as galaptin, u more precise definition than pre
viously utilized (8). Based upon amino acid and nucleic acid-sequenc
ing analysis it appears that the 14.5-kDa galaptin subunit is evolu-
tionarily conserved and is the product of a single gene (7, 9-14).

Several lines of evidence suggest that galaptin and a related lectin,
metastasis-associated ÃŸ-galactoside-binding lectin, are involved in tu

mor cell adhesion following transformation. These two lectins have
been shown to be expressed at higher levels in transformed cells than
in their normal nontransformed counterparts (15-17). This has been
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shown in several cellular systems including murine melanoma and
human and murine transformed fibroblust cell lines. Lectin was either
absent or present at very low levels on the surface of normal cells,
while transformed cells expressed an abundance of these ÃŸ-galacto
side-binding lectins. Furthermore, the levels of cell surface lectin were

shown to be increased in subclones selected for increased tumorigenic
and metastatic potentials. The increased levels of these ÃŸ-galactoside-

binding lectins have been associated with an increased ability of these
subclones to undergo homotypic aggregation, adhere to a solid sub
stratum, and form colonies in soft agar and experimental mÃ©tastasesin
the lung.

The level of a 31-kDa ÃŸ-galactoside-binding lectin found in human

colorectal carcinoma tissue has been correlated with the stage and
progression of the disease (18). Tumor specimens obtained from pa
tients with advanced stage disease (Dukes' stage D) contained higher

amounts of this lectin than specimens obtained at earlier stages. It has
not been determined, however, that the increased lectin expression
endows cells from advanced stage tumors with an increased ability to
metastasize. Galaptin has also been found to be present in epithelium
and extracellular matrix of normal breast tissue and to be absent or
present at very low levels in mammary carcinomas ( 19). An increased
expression of a 29-kDa lectin upon transformation is observed and
suggests that expression of these ÃŸ-galactoside-binding lectins may be

regulated differently in normal and malignant tissues.
We have found galaptin to be present in tumor cells in peritoneal

effusions from ovarian cancer patients (4) and in the human ovarian
carcinoma cell line A12I (20). Galaptin has been shown to be present
in basement membranes in a variety of tissues (1,21,22). and we have
also detected galaptin in a BCEC-ECM' (20, 21). Previous studies had

demonstrated that galaptin present in BCEC-ECM participated in the
adhesion of ovarian tumor cells to matrix by binding to carbohydrate-

containing structures present on the cell surface (20).
The objectives of the present study were to determine the extent

of A121 human ovarian carcinoma cell adhesion to purified human
galaptin and to identify A121 cell surface glycoproteins that bind
galaptin.

MATERIALS AND METHODS

Preparation of Polymerized Galaptin. Human splenic galuptin was iso
lated by affinity chromatography on lactose-Sepharose as previously described
(7). Affinity-purified galaptin was further purified by ion-exchange chroma
tography on DEAE-Sephacel (7). Galaptin was eluted from DEAE-Sephacel
columns with 10 imi Tris-200 ITIMNaCI (pH 7.3). and 10 mg galaptin were
readsorbed to a 1-ml bed of DEAE-Sephacel pretreated overnight with TBS

containing I(X) imi iodoacetamide. This galaptin preparation was alkylated on
the column with 1(X)m\i iodoacetamide as previously described (20). Alkyla-

tion was performed to eliminate the thiol requirement for retention of carbo
hydrate-binding activity. Polymeri/.ation of alkylated galaptin was achieved
with 0.17r glutaraldehyde as described for the preparation of guluptin-fucosi-

1The abbreviations used are: ECM. extracellular matrix; BCEC-ECM, bovine corneal

endothelial cell-derived ECM; TBS. IO imi Tris-20 mM NaCI (pH 7.3); HEPES. 4-(2-
hydroxyethyO-l-piperizineethanesulfonic acid; ELISA, enzyme-linked immunosorhent
assay; PBS. phosphate-buffered saline (2.7 mM KCI-1.5 HIMKH:PO4-137 mM NaCI-6.5
m.MNajHPOa, pH 7.3); BSA, bovine serum albumin; SDS, sodium dodecyl sulfate; Asn.
asparagine; PAGE, polyacrylamide gel electrophoresis; FITC, fluorescein Â¡solhiocyanate;
lamp (-1. -2), lysosomal associated membrane protein I and 2.
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dase conjugates (23). Polymerized galaptin was repurified prior to use by
affinity chromatography on lactose-Sepharose, followed by ion-exchange
chromatography on DEAE-Sephacel.

Polymerized galaptin was labeled with I25I using lodo-Beads iodination

reagent. lodo-Beads were preequilibrated by repeated washing in 10 m,wTris-

1000 mM NaCI (pH 7.3) and then dried at room temperature. Polymerized
galaptin was eluted from DEAE-Sephacel with 10 niMTris-1000 mM NaCI (pH

7.3). Iodination was achieved by incubating 2 mg polymerized galaptin with 1
uCi Na'25I and four lodo-Beads at room temperature for 15 min. The iodina

tion reaction was terminated by applying the reaction mixture to an Excellulose
GF-5 desalting column to remove free radiolabel. I2<il-Polymerized galaptin

was eluted with cold 10 HIMTris-1000 mM NaCI (pH 7.3) and repurified by

affinity chromatography on lactose-Sepharose. followed by ion-exchange
chromatography on DEAE-Sephacel. Typically, this procedure yielded labeled
polymerized galaptin with a specific activity of 2-5 X IO4 cpm/ug.

Preparation of Polymerized Galaptin-Sepharose Affinity Column. Dry
cyanogen bromide-activated Sepharose 4B (580 ug) was rehydrated in 40 ml

l N HC1 for 15 min at room temperature. The rehydrated beads (2 ml) were
washed 3 times in 40 ml l N HC1 and once in 10 ml coupling buffer (8 mM
sodium phosphate buffer containing 1000 m.MNaCI and 100 mM lactose. pH
7.3). Beads were pelleted and resuspended in 1 ml coupling buffer containing
4 mg polymerized galaptin. The reaction of coupling polymerized galaptin to
activated Sepharose proceeded for 18-24 h at 4Â°Cwith gentle agitation. The

coupling mixture was transferred to a disposable 6-ml polystyrene column,

washed with 8 ml 200 mM Tris (pH 7.3), and incubated overnight in 200 mM

Tris (pH 7.3) to block excess active groups on the Sepharose not bound by
polymerized galaptin. The column was washed 4 times with alternating solu

tions of 4 ml acetate buffer containing 500 mM NaCI (pH 4.4) and 4 ml 10 mM
Tris-500 m.MNaCI (pH 8.3) to remove noncovalently bound protein from the

column. The column was finally washed with TBS and equilibrated with 10 m\t
Tris-500 mM NaCI-2 mM EDTA-0.1% Triton X-100 (pH 7.3). Typically, 90-

95% of the polymerized galaptin was coupled to activated Sepharose using this

procedure.
A121 Cell Cultures. Human ovarian carcinoma A121 cells have been

previously characterized (24). Cultures were maintained in complete media:
RPMI-1640 supplemented with 5% heat-inactivated fetal bovine serum-2 mM

glutamine-15 mM HEPES. Cells were passaged every fourth day by harvesting
cells by trypsinization and seeding 5 x IO5 cells in 20 ml fresh media in T-75

flasks.
A121 Cell Adhesion to Polymerized Galaptin. Polymerized galaptin was

eluted from DEAE-Sephacel columns with IO mM Tris-1000 mM NaCI (pH

7.3). Serial dilutions of polymerized galaptin were prepared in eluting buffer
and were added to wells (50 ul/well) of Immulon 1 micro-ELISA plates. Lectin
was allowed to adsorb to the wells for 24 h at 4Â°C.Wells were aspirated,

washed 2 times with PBS to remove nonadsorbed lectin, and then used for

adhesion experiments.
Subconfluent cultures of A121 cells were labeled with 2 uCi/ml [methyl-

'H]thymidine in 20 ml complete media for 24 h. Cells were detached by
incubating cultures for 15 min at 37Â°Cin PBS containing 0.53 mMEDTA. Cells

were washed in PBS and resuspended in RPMI-1640 supplemented with 15
mM HEPES-1% BSA at 2-5 X IO5 cells/ml. Cell suspensions (100 pi) were
added to polymerized galaptin-coated wells and incubated at 37Â°C.At selected

times, nonadherent cells were removed by gentle aspiration and transferred to
centrifuge tubes. The wells were washed 2 times with PBS containing 1 mm
CaCl2. Adherent cells remaining in the wells and nonadherent cells pelleted in
the centrifuge tubes were dried and then solubilized by incubation overnight at
37Â°Cin 1.0% SDS-0.5 M NaOH. Lysates were neutralized by addition of I N

HCI. and radioactivity in aliquots from adherent (ADH) and nonadherent (NA)
cell fractions was quantitated by liquid scintillation counting. The percentage

of adherent cells was calculated as:

% ADH =
cpm ADH

cpm ADH + cpm NA
x 100

Previous experiments had determined that only a fraction of polymerized
galaptin added to the wells actually became adsorbed to the wells (25). Ad

sorption of polymerized galaptin to wells was concentration dependent, and the
fraction adsorbed varied from 65^1% for an input of 0.1-10 ug. For simplicity,

the data were expressed as the percentages of adherent cells versus the amount
of polymerized galaptin added per cm2 of well surface area.

In other adhesion studies, 3 X IO6 ['HJthymidine-labeled AI21 cells were

incubated with 2 units Jack bean ÃŸ-galactosidase or 1.2 units Clostridium
perfringens neuraminidase in 1.5 ml RPMI-1640 with 15 mM HEPES for 30
min at 37Â°C.Enzymes were removed by washing the cells, and adhesion

experiments were performed as described above. Control cells in these studies
were exposed to the same buffers used to reconstitute the enzymes.

Preparation of A121 Cell Extracts. Cultures of A121 cells were washed
in PBS and detached by incubation in PBS containing 0.53 mM EDTA for 15
min at 37Â°C.Cells were collected into pellets and stored at -20Â°C. Crude

extracts were prepared from pellets of 2 x 10* A121 cells by lysing cells for

30 min on ice in 10 mMTris-500 mM NaCI-2 mM EDTA (pH 7.3) containing 5
mM MgCU-1.5% Triton X-100-50 ug/ml DNase 1-1 HIMphenylmethylsulfonyl
fluoride-10 ug/ml pepstatin A, aprotinin. and leupeptin. The cell extract was
sonicated on ice and cemrifuged at 109.000 x g for 2 h at 4Â°C.The cell extract

contained in the supernatant was removed, and its protein content was deter
mined.

Cell extracts were semipurified by affinity chromatography on polymerized
galaptin-Sepharose. Extracts were diluted to 1 mg/ml in equilibrating buffer
(10 mM Tris-500 mM NaCI-2 mM EDTA-0.1% Triton X-100, pH 7.3), and
20-25 mg protein in the extract were applied to a 2-ml bed of polymerized
galaptin-Sepharose using a peristaltic pump at a flow rate of 1 ml/h. The
polymerized galaptin-Sepharose column was sequentially washed with at least
5 bed volumes of equilibrating buffer, equilibrating buffer minus Triton X-100,

and TBS. Bound material was eluted with TBS containing 100 mM lactose.
Protein contained in the lactose eluate was concentrated in TBS using a
Centricon 10 microconcentrator. In numerous experiments, <0.4% of the total

amount of protein applied to the column actually was bound to and eluted from
the polymerized galaptin-Sepharose affinity column.

For some experiments, aliquots of lactose eluate from polymerized galaptin-
Sepharose affinity chromatography were treated with /V-glycanase to release
Asn-linked oligosaccharides from glycoproteins (26). Lactose-eluted protein
(10-25 ug) was diluted in TBS containing 0.1% SDS-25 niM 2-mercaptoeth-
anol and denatured by boiling for 5 min. Nonidet P-40 was added to a final
concentration of 0.75%. /V-Glycanase (0.8 unit) was added, and the reaction
mixture (30 ul final volume) was gently agitated at 37Â°Cfor 18-24 h. The

reaction was terminated by boiling the mixture for 5 min. The digest was
prepared for SDS-PAGE and Western blotting as described below.

In other experiments, cultures of Al21 cells were labeled for 24 h with
4 uCi/ml [o-^HIAOlrj-glucosamine in order to specifically label carbohydrate

structures (27). Extracts were prepared from these labeled cells and were
subjected to affinity chromatography on polymerized galaptin-Sepharose in a

manner identical with that described earlier.
SDS-PAGE, Western Blotting, and Fluorography. Cell extracts and lac

tose eluates from polymerized galaptin-Sepharose affinity chromatography
were diluted in SDS-PAGE sample buffer, separated by SDS-PAGE (28) using

7 or 12.5% acrylamide gels, and electroblotted onto nitrocellulose membranes.
Blots that were to be probed with '^I-polymerized galaptin were blocked

for 18-24 h at 4Â°Cwith TBS containing 2% BSA-0.05% Tween 20. Blots were
then probed with I25l-polymerized galaptin (0.7-2.5 x \0h cpm I25l-polymer-
ized galaptin in 10 ml blocking buffer) for 24 h at 4Â°C.The blots were

extensively washed in several changes of TBS, wrapped wet in plastic wrap,
and exposed to X-Omat AR X-ray film for 1-7 days at -70Â°C. In some

experiments, parallel nitrocellulose blots were probed with '"[-polymerized

galaptin in an identical manner except that 100 mM lactose was present in the
blocking, probing, and washing solutions.

Nitrocellulose blots that were to be probed with lamp-1 and lamp-2 anti
bodies were blocked for 18-24 h at 4Â°Cin TBS containing 5% BSA-0.05%

Tween 20. Blots were then probed with rabbit lamp-1 and lamp-2 polyclonal

antibodies diluted 1:300 in TBS containing 2% BSA for 2 h at room temper
ature. Blots were washed for 1 h with TBS. treated with peroxidase-conjugated
goat anti-rabbit IgG diluted 1:2000 in TBS containing 2% BSA for I h at room

temperature, and then rewashed in TBS for I h. Antibodies were detected with
0.05% 4-chloro-l-naphthol in 128 mM NaCl-0.23% triethanolamine (pH 7.5)
containing 16% methanol-0.1 % H2O2.

Cell extracts were prepared from A121 cells labeled for 24 h with ['H]-

glucosamine and were subjected to affinity chromatography on polymerized
galaptin-Sepharose as described above. Cell extracts and lactose eluates from
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['Hlglucosamine-labeled AI2I cells were separated by SDS-PAGE on 7%

acrylamide minigels. The gels were equilibrated in 40% mcthanol. treated in
Resolution for 30 min. soaked for 30 min in ice-cold distilled water, dried, and
exposed to X-Oniat AR X-ray film for 24 h at -70Â°C.

Immunoprccipitation of Lamp-l and Lamp-2 from A121 Cell Lysates.
Pellets of Al21 cells were resuspended in buffer A (6 mvi Na;HPO4-4 HIM
NaH;PO4-l50 mm NaCl-2 imi EDTA-1% Nonidet P-40-l% sodium deoxy-
cholale-0.1% SDS-1 mM phenylmethlysulfonyl fluoride) at IO7 cells/ml. Cells

were incubated on ice for 30 min. fro/.en in an acetone/dry ice bath, thawed,
and cenlrifuged at H).(XX)x # for 10 min. The supernatant was divided into
5(X)-ul aliquots and incubated with 50 |jl protein A-trisacryl (suspended 50:50
in buffer A) for l h at 4Â°C.The lysates were recentrifuged. and the supernatants

were added to 60 ul protein A-trisacryl preadsorbed with 10 ul lamp-l or 10 ul

lamp-2 rabbit polyclonal antibodies or 10 ul normal rabbit serum. The sus
pensions were agitated overnight at 4"C. Protein A-trisacryl with bound im

mune complexes were washed 2 times in buffer A. once in 100 ITIMTris-5(X)

m.MLiCl (pH 8.0). and once in PBS. Immune complexes were dissociated from
the protein A-trisacryl by boiling in SDS-PAGE sample butter for 5 min.
Protein A-trisacryl was removed by centrifugaron, and the supernatants were
subjected by SDS-PAGE on 7% acrylamide minigels, electroblotted onto ni
trocellulose membranes, and probed with '-M-polymerized galaptin in a man

ner identical with that described above.
Indirect Immunofluorescence of Lamp-l and Lamp-2 in A121 Cells.

Monolayers of viable A121 cells grown on glass coverslips were blocked in
PBS containing 0.4% BSA for 15 min at 4Â°C.Cells were treated with lamp-l

or lamp-2 rabbit polyclonal antibodies or normal rabbit serum diluted 1:100 in
PBS containing 0.4% BSA for 45 min at 4Â°Cand then washed in PBS and PBS

containing 0.4% BSA. Bound antibody was detected by incubating cells with
FITC-conjugated donkey anti-rabbit IgG diluted l:l(X)in PBS containing 0.2%
BSA for 45 min at 4"C. Cells were then washed in PBS and fixed for 30 min

in PBS containing 2% parafonnaldehyde, and the coverslips were mounted
onto slides with 90% glycerol-1.0 msi Tris (pH 9.0). Fluorescence micrographs
were prepared with a Leitz microscope equipped with a Nikon FE 35-mm

camera and appropriate objectives and filter modules.
Protein Determination. Protein assays were performed with a Coomassie

blue protein assay reagent using ovalbumin as the standard.
Materials. Cyanogen bromide-activated Sepharose 4B. Jack bean ÃŸ-galac-

tosidase (EC 3.2.1.23), C. perfrinuen.Ã¯ neuraminidase (EC 3.2.1.18), 4-chloro-
l-naphthol. and peroxidase-conjugated goat anti-rabbit IgG were from Sigma
Chemical Co. (St. Louis. MOl. Rainbow and '4C-methylated protein standards

and Na':5I were from Amersham (Arlington Heights. IL). Protein A-trisacryl.

lodo-Beads iodination reagent. Excellulose GF-5 columns, and Coomassie
blue protein assay reagent were from Pierce (Rockford. IL). |mcr/iv/-'H|-
Thymidine (20 Ci/mmol) and [o-'HtAOlD-glucosamine (40.4 Ci/mmol) were

from NEN Products (Boston. MA). Other materials/reagents and sources are as
follows: Centricon 10 microconcentrators. Arnicon. Boston, MA; X-Omat AR
X-ray film. Kodak. Rochester, NY; Resolution. EM Corp.. Chestnut Hill. MA:
Immulon 1 micro-ELISA plates. Dynatech Laboratories. Chantilly. VA: recom
binant Fltivohacterium menin^osepticum /V-glycanase (EC 3.5.1.52). Gen-
/.yme. Boston, MA; and FITC-conjugated donkey-anti-rabbit IgG, Accurate
Chemical and Scientific Corp.. Westbury. NY. Rabbit lamp-l and lamp-2

polyclonal antibodies were previously described (29) and were generously
provided by Dr. Minora Fukuda (La Jolla Cancer Research Foundation).

RESULTS

Adhesion of A121 Cells to Polymerized Galaptin. To determine
the extent to which AI21 cells bind to immobilized polymerized
galaptin. ELISA wells were adsorbed with varying amounts of poly
merized galaptin. | 'HIThymidine-Iabeled A121 cells were added, and

the percentage of cells that became adherent to polymerized galaptin
after 1 h was determined. A121 cells adhered to polymerized galaptin
in a dose-dependent manner. More than 80% of the A121 cells ad
hered to wells adsorbed with an input >5 (jg/ctrr polymerized galaptin

(Fig. I). In other experiments, between 70 and 90% of the cells
adhered to polymerized galaptin, and in all cases maximal levels of
adhesion to polymerized galaptin occurred using an input level of 5
Hg/crrr. In the presence of 50 mM lactose, A121 cell adhesion to

Polymerized Galaptin ,/i.g/cm

Fig. I. Adhesion of A121 human ovarian carcinoma cells to polymerized galaptin.
AI2I cells and polymerized galaptin-coatcd wells were prepared as described in "Male-
rials and Methods." Cellular adhesion was measured in the absence and presence of .SOmM

lactose after 1 h. Ptnnla, means of the percentage of adherent cells in quadruplicate wells:
har*. Â±SD.Absci\su. input amount of polymerized galaptin.

polymerized galaptin was inhibited (Fig. 1). Lactose is a competitive
inhibitor of polymerized galaptin carbohydrate-binding sites, and it

has been found to be noncytotoxic to A121 cells at the concentrations
used in these cell adhesion experiments.

The fact that lactose could inhibit adhesion of A12I cells to poly
merized galaptin suggested that the polymerized galaptin immobilized
on the polystyrene wells was binding galactose-containing carbohy

drate structure(s) present on the surface of the A12I cells. To test the
hypothesis that, if the availability of galactose on the cell surface was
altered, then cellular adhesion to polymerized galaptin may be mod
ified, A121 cells were exposed to neuraminidase or ÃŸ-galactosidase
according to the procedures described in "Materials and Methods."

Control or enzyme-treated cells were added to wells adsorbed with an

input of 10 ug/cnr polymerized galaptin. and cellular adhesion was
measured at selected times. This amount of polymerized galaptin was
chosen to ensure promotion of maximal levels of control cell adhe
sion. Treatment of cells with neuraminidase resulted in an increase of
AI21 cell adhesion to polymerized galaptin. Adhesion was increased
by an average of 30% at all times compared to untreated control cells
(Fig. 2). Treatment of cells with ÃŸ-galactosidase resulted in a 65%

decrease of A121 cell adhesion to polymerized galaptin at all times
compared to untreated control cells (Fig. 2). Enzyme treatment had no
effect on cell viability based on trypan blue exclusion studies. Incu
bation of A121 cells in serum-free media appeared to have a slight

negative effect on cellular adhesion to polymerized galaptin. As
shown in Fig. 2, only 62% the control cells added to the wells became
adherent after I h, whereas, as shown in Fig. 1, 80% of the cells added
to wells adsorbed with polymerized galaptin at an input level of 10
jjg/cm2 became adherent. Therefore, the increase in cellular adhesion

caused by neuraminidase treatment is in respect to its own specific
control only.

Characterization of Human Ovarian Carcinoma A121 Cell Po
lymerized Galaptin-binding Glycoproteins. In order to detect gly-
coproteins present in A12I cells that bind to polymerized galaptin.
extracts of A121 cells were separated by SDS-PAGE. electroblotted
onto nitrocellulose membranes, and probed with I25l-polymerized
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100 -

Fig. 2. Effect of neuraminidase and ÃŸ-galactosidase treatment on A121 cell adhesion to

polymerized galaptin. A121 cells were treated with 1.2 units neuraminidase or 2 units
ÃŸ-galactosidase as described in "Materials and Methods." Cellular adhesion to wells

adsorbed with an input of 10 ug/cm2 polymerized galaptin was subsequently measured at

the indicated times. Points, means of the percentage of adherent cells in quadruplicate
wells; bam. Â±SD.

galaptin. The resulting autoradiogram indicated that the I2?l-polymer-

ized galaptin hound protein(s) with a molecular mass of 110 kDa (Fig.
3. lane 4). The carbohydrate-mediated specificity of the binding of
I2<il-polymerized galaptin was indicated by the observation that lac

tose inhibited this interaction (Fig. 3. lane 2).
In an attempt to purify this 110-kDa polymerized galaptin-binding

protein, A121 cell extracts were subjected to affinity chromatography
on polymerized galaptin-Sepharose as described in "Materials and
Methods." Bound material was eluted with lactose. Equal amounts of

protein from lactose eluates and A121 cell extracts were separated by
SDS-PAGE. electroblotted onto nitrocellulose membranes, and
probed with '25I-polymerized galaptin. The probe bound to the 110-

kDa protein to a far greater extent in the lactose eluate than to an equal
amount of A121 cell extract (Fig. 4, lane 2 compared with lane 3).
Binding of I25l-polymerized galaptin to 20 |ag lactose eluate was

increased 80-fold relative to binding to 20 ug cell extract based on

scanning laser densitometry of the autoradiogram (data not shown).
The 110-kDa polymerized galaptin-binding protein appeared to be

glycosylated as demonstrated by two separate experiments. A121 cells
were labeled with |6-1H(A')|i>glucosamine in order to specifically

label carbohydrate structures of glycoconjugates. Extracts were pre
pared from labeled cells and were found to have a specific activity
of 1767 cpm/ug protein. These labeled extracts were subjected to
affinity chromatography on polymerized galaptin-Sepharose. The lac

tose eluate was found to have a specific activity of 11,763 cpm/ug
protein. Therefore, affinity chromatography on polymerized galaptin-

Sepharose resulted in enrichment of glycoproteins that had incorpo
rated [ 'H]glucosamine. Radiolabeled extracts and lactose eluates were

separated by SDS-PAGE and analyzed by fluorography (Fig. 5). Ap

proximately 40.000 cpm (4.1 ug protein) lactose eluate was loaded in
lane I. Since the lactose eluate had a higher specific activity (cpm/ug
protein) than the cell extract, equivalent amounts of extract were
loaded in lanes 2 and 3 based on equal numbers of cpm as in the
lactose eluate or on an equal microgram quantity of protein as in the

lactose eluate. Lane 2 was loaded with 40.000 cpm (22.8 ug protein)
cell extract, and lane 3 was loaded with 7200 cpm (4.1 ug protein)
extract. Three major glycoproteins with approximate molecular
masses of 110. 126. and 145 kDa and two minor glycoproteins with
molecular masses of 74 and 185 kDa that incorporated |'H]glu-

cosamine were detected in the lactose eluate (Fig. 5, lane I). The
presence of a 110-kDa |'H]glucosamine-labeled glycoprotein sug

gests it may be the 110-kDa polymerized galaptin-binding glycopro

tein detected in Figs. 3 and 4. Scanning densitometry of lane I
revealed that 31% of the radioactivity added in lane I corresponded to
the 110-kDa glycoprotein. Approximately 9% of the total radioactivity

added in lane I migrated in the dye front. This suggested the presence
of a major polymerized galaptin-binding ligand with a molecular mass

<46 kDa that was not resolved in this 7% acrylamide gel. However,
when a duplicate sample from lane I was separated on a 12.5%
acrylamide gel. which provides resolution of low molecular mass
polypeptides. no autographic signals with molecular masses of 46 kDa
or less were observed (data not shown). This suggests that the signal
observed in the dye front in Fig. 5. lane I, may be an artifact and does
not correspond to a major galaptin-binding ligand. The low molecular

mass material may be the additive effect of several very minor ligands
or degredation products derived from the higher molecular mass po
lymerized galaptin-binding ligands. Affinity chromatography on po
lymerized galaptin-Sepharose enriched for the glycoproteins detected

in the lactose eluate since they were not detected in any appreciable
quantities in equivalent amounts of the cell extract (Fig. 5. lanes 2 and

+ LACTOSE

97.4-

69

46

30

Fig. 3. '"[-Polymerized galaptin Western blot of A12I cell extracts. A12I cell extracts
were separated by SDS-PAGE on lie acrylamide gels, electroblotted onto nitrocellulose
membranes, and probed with I25l-polymerized galaptin. Blots were exposed to X-Omat
AR X-ray film for 6 days at -70Â°C. Lanes I and 3. MC-methylated protein standards;
lanes 2 and 4. 2(X) ug AI21 cell extract probed with I2il-polymerized galaptin in the

presence (lane 2) and absence (tane 4) of 100 ITIMlactose. Far left Uwe. molecular mass
of the protein standards.
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1234

200

97.4

I

69 -

46 -l
Fig. 4. '"[-Polymerized galaptin Western blot of A121 cell extracts and lactose eluates

from polymerized galaptin-Sepharose affinity chromatography. AI21 cell extract (lane Ã•.
20 ug; lane 4. 40 ug) and lactose eluates from polymerized galaptin-Sepharose (lane 2. 20
pg) were separated by SDS-PAGE on 7% acrylamide minigels, electroblotted onto nitro
cellulose membranes, and probed with '-^l-polymeri/ed galaptin. The blot was exposed to
X-Omat AR X-ray film for 2 days at -7()Â°C.Lane I. l4C-methylated protein standards;/ur

left lane, molecular mass of the protein standards.

2 3

200â€”

97.4-

69â€”

46â€”

Fig. 5. Fluorograph of [ 'H]glucosammc-labeled AI2I cell extracts and lactose eluates.
Extracts were prepared from [3Hlg!ucosamine-labeled AI21 cells and were subjected to
affinity chromatography on polymerized galaptin-Sepharose. Radiolabeled extracts and
lactose eluates were separated by SDS-PAGE on a 7rÂ¿acrylamide minigel. Lane I, 40,000
Â¿â€¢pin(4.1 ug protein) lactose eluate; lanes 2 and .Ã•.equivalent amounts of cell extract as

Compared to lactose eluate (see text); lane 2. 4(),(KM)cpm (22.8 p.g protein) cell extract;
hme .i. 7,200 cpm (4.1 ug protein) cell extract; lane 4. excess cell extract. 2(K).(XK)cpm
( 114 ug protein). The gel was prepared for fluorography and exposed to X-Omat AR X-ray
film for 24 h at -70Â°C. Far left, positions (molecular mass) of the protein standards.

3). To demonstrate that a wide variety of cellular glycoproteins in
corporated |'H]glucosamine, an excess of cell extract (200.(XX) cpm,

114 (jg protein) was loaded in lane 4. A large number of glycoproteins
incorporated I'HIglucosamine with molecular masses ranging from

<45 to > 200 kDa (Fig. 5, lane 4).
In the second experiment, in order to demonstrate that the 110-kDa

polymerized galaptin-binding protein was glycosylated, the polymer
ized galaptin-Sepharose lactose eluate was treated with A/-glycanase to

remove Asn-linked oligosaccharides. Both /V-glycanase-treated and
-untreated lactose eluates were separated by SDS-PAGE, blotted onto
nitrocellulose membranes, and probed with I25l-polymerized galaptin.

The probe bound to the 110-kDa protein in the untreated sample (Fig.
6, lane 2) but failed to bind to lactose eluate treated with W-glycanase

(Fig. 6, lane 4), indicating that AAglycanase treatment removed car
bohydrate which directed its binding to polymerized galaptin.

Identification of the Putative Polymerized Galaptin-binding
Glycoprotein in A121 Extracts using Lamp-1 and Lamp-2 Anti
bodies. In order to determine the identity of polymerized galaptin-
binding glycoproteins. A121 cell extracts were separated by SDS-

PAGE. electroblotted onto nitrocellulose membranes, and probed with
rabbit polyclonal antibodies directed against lamp-1 and lamp-2.
Lamp-1 antibodies bound to a 110-kDa protein in A121 cell extracts
(Fig. 1A, lanes 2â€”4),while the lamp-2 antibodies recognized a protein
with a slightly higher molecular mass (Fig. IB, lanes 2-4). It is not
unusual for cellular lamp-2 to have a slightly higher molecular mass
than lamp-1 in a given cell type. Since the 110-kDa polymerized
galaptin-binding glycoprotein and Al21 cell lamps had nearly the

same molecular mass, it was of interest to determine whether affinity
chromatography of A121 cell extracts on polymerized galaptin-
Sepharose would also enrich for lamp-1 and lamp-2 as it did for the
110-kDa polymerized galaptin-binding glycoprotein. Western blots of

equal amounts of protein from A121 cell extracts and polymerized
galaptin-Sepharose lactose eluates were probed with lamp-1 and
lamp-2 antibodies. Detection of lamp-1 and lamp-2 was far greater in

I 2 3 4

200-

97.4-

69

46-

30â€”

14.3
Fig. 6. ' "I-Polymerized galaptin Western blot of lactose eluates treated with /V-gly-

canase. Lactose eluate from affinity chromatography of A121 cell extract on polymerized
galaptin-Sepharose (20 ug) was treated with 0.8 unit A'-glycanase. Untreated lactose eluate
(lane 2. 20 ug) and /V-glycanase-treated eluate (lane 4. 20 ug) were separated by SDS-

PAGE on 12.5% acrylamide gels, electroblotted onto nitrocellulose membranes, and
probed with '-^l-polymerized galaptin. Blots were exposed to X-Omat AR X-ray film for
3 days at -70Â°C.Lanes I and 3. MC-methylated protein standards;/ur left, molecular mass

of the protein standards.
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200 - - m~^

97.4 -

69 -

was more evident in blots probed with lamp-1 antibodies (lane 2) than
in blots probed with lamp-2 antibodies (lane 4).

Immunoprecipitation of Lamp-1 and Lamp-2 from A121 Cell
Lysates. Lamp-1 and lamp-2 were immunoprecipitated from A121
cell lysates with rabbit lamp-1 and lamp-2 polyclonal antibodies as
described in "Materials and Methods." Bound immune complexes

were removed from protein A-trisacryl with SDS-PAGE sample buffer
and were separated by SDS-PAGE. electroblotted onto nitrocellulose
membranes, and probed with I25l-polymerized galaptin. The probe

bound to a 110-kDa protein in material immunoprecipitated by both
lamp-1 and lamp-2 antibodies (Fig. 9. lanes 2 and 3, respectively).
I25l-Polymerized galaptin did not bind to samples of A121 lysates

treated with normal rabbit serum or with protein A-trisacryl alone

(Fig. 9, lanes 4 and 5).
Indirect Immunofluorescence of Lamp-1 and Lamp-2 on the

Surface of A121 Cells. Viable A121 cells were treated with lamp-1
and lamp-2 rabbit polyclonal antibodies and FITC-conjugated donkey

LAMP-1

3456

N-GLYCANASE TREATMENT

200 -

B

97.4 -

69 -

LAMP-2
Fig. 7. Western blot of lamp-1 and lamp-2 in A121 cell extracts and lactose eluates

from polymerized galaptin-Sepharose affinity chromatography. Equal amounts of protein
from A121 cell extracts (lanes 2-4} and lactose eluates (lanes 5-7) were separated by
SDS-PAGE on 7<7racrylamide minigels and electroblotted onto nitrocellulose membranes.
Blots were probed with 1:300 dilution of lamp-l (A) and lamp-2 (B) rabbit polyclonal
antibodies, washed, and treated with I:2(XX)dilution of peroxidase-conjugated goat anti-
rabbit IgG. Antibodies were detected with 4-chloro-l-naphthol. Lane I, rainbow protein
standards; lanes 2, 3. and 4, 10. 5,and l MgAI2I cell extract; lanes 5. 6. and 7, 10, 5. and
I pg lactose eluate;/Â«r left, molecular mass of the protein standards.

LAMP-1 LAMP-2

Fig. 8. Western blot of lamp-1 and lamp-2 in lactose eluales from polymerized galap
tin-Sepharose affinity chromatography treated with N-glycanase. Lactose eluate (10 fig)
was treated with 0.8 unit W-glycanase. Untreated lactose eluate (lanex I and 3, 5 ug) and
/V-glycanase-treated eluate (lanes 2 and 4, 5 ug) were separated by SDS-PAGE on 12.5^
acrylamide minigels, electroblotted onto nitrocellulose membranes, and probed with
lamp-1 (lanes I and 2) and lamp-2 (lanes 3 and 4) antibodies as described in "Materials
and Methods." Far left, positions (molecular mass) of rainbow protein standards.

12345

200 --

the lactose eluate than in equal amounts of the A121 cell extract (Fig.
7, lanes 5-7 compared to lanes 2-4).

In Fig. 8, Western blots of polymerized galaptin-Sepharose lactose
eluate treated with /V-glycanase (lanes 2 and 4) and untreated lactose
eluate (lanes I and 3) were probed with lamp-1 (lanes I and 2) and
lamp-2 (lanes 3 and 4) antibodies. The antibodies recognized the

same proteins as seen in Fig. 7 in the untreated lactose eluate (Fig. 8,
lanes I and 3) but failed to bind to the same proteins as in Fig. 7 in
the /V-glycanase-treated samples (Fig. 8, lanes 2 and 4). However,
both lamp-1 and lamp-2 antibodies recognized a protein with a mo
lecular mass of approximately 40 kDa in the N-glycanase-treated

lactose eluate (Fig. 8, lanes 2 and 4) which corresponds to the ap
proximate molecular mass of lamp-1 and lamp-2 core proteins. This

2672

97.4 â€”¿�

69 -

46 â€”¿�â€¢¿�

Fig. 9. I25l-Polymerized galaptin Western blot of lamp-1 and lamp-2 immunoprecip-
iiates from A121 cell lysates. lamp-1 and lamp-2 were immunoprecipitated from A121 cell
lysates as described in "Materials and Methods." Immunoprecipitates from lamp-1,

lamp-2. and normal rabbit serum treated lysates were separated by SDS-PAGE on 7#
acrylamide mini-gels {lanes 2, 3, and 4, respectively), electroblotted onto nitrocellulose
membranes, and probed with '-^-polymerized galaptin. The blot was exposed to X-Omat
AR X-ray film for 1 week at -70Â°C. Lane 1, MC-methylated protein standards; lane 5,

A121 cell lysates treated with protein A-trisacryl alone: far left, molecular mass of the
protein standards.
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anti-rabbit IgG secondary antibodies as described earlier. Both Iamp-1
and lamp-2 were detected on the surface of A121 cells (Fig. 10, A and

Ãœ,respectively). Cells treated with normal rabbit serum and secondary
antibody or secondary antibody alone did not demonstrate any fluo
rescence (data not shown).

DISCUSSION

The spread of ovarian cancer in humans is unique because it is
almost always localized to the peritoneal cavity (30). The progression
of ovarian cancer apparently involves cycles of solid tumor cell
growth, dissemination of tumor cells into the peritoneal cavity, and
subsequent reattachment and growth of tumor cells on structures
throughout the peritoneum (31). Therefore, it is of significance to
identify factors involved in the adhesion of ovarian carcinoma cells.
An in vitro model system was developed to mimic the in situ adhesion
of ovarian tumor cells. This system involved culturing ovarian carci
noma cells on a monolayer of normal human mesothelial cells at
tached to a BCEC-ECM. Ovarian tumor cells were observed, using

this model, to preferentially attach to ECM rather than to human
mesothelial cells, which line structures in the peritoneum (32). There
fore, ECM alone was considered a suitable substrate for further study
of the adhesion process.

Experiments designed to investigate A121 cell adhesion to ECM
demonstrated that galaptin. present in the BCEC-ECM, participates in

the adhesion of these cells to matrix by binding to appropriate cell
surface carbohydrate structures (20). In the work presented here, we
describe interactions between human ovarian carcinoma Al21 cells
and galaptin.

Galaptin used for these studies was isolated from human spleen as
a 30-kDa dimer consisting of identical 14.5-kDa subunits (6, 7).

Galaptin was polymerized with glutaraldehyde (23) and generated
primarily dimers, trimers, tetramers, and hexamers of the 14.5-kDa

galaptin subunit (25). Previously, we had demonstrated that polymer
ized galaptin bound more asialofetuin and had increased hemaggluti-

nating activities in solution compared with native dimeric galaptin.
Polymerized galaptin adsorbed to plastic mediated the adhesion of
lymphoblastoid cells, while native dimeric galaptin adsorbed to plastic
did not (25). Adsorption of dimeric galaptin to plastic may impede its
carbohydrate-binding sites, making them less accessible for ligand

binding (25), and it was hypothesized that, if galaptin was polymer
ized, the carbohydrate-binding sites may become more accessible for

ligand binding. Therefore, methodology was developed to polymerize
galaptin (23), and only the polymer was utilized in the studies de
scribed here.

Al21 cells adhered to polystyrene wells adsorbed with polymerized
galaptin. More than 80% of A121 cells adhered quickly to polymer
ized galaptin at input levels >5 ug/cm2 (Fig. 1). In contrast, only 37%

of cells adhered to adsorbed dimeric galaptin at input levels >5 p.g/cnr

(data not shown). Adhesion of A121 cells to polymerized galaptin was
inhibited in the presence of lactose, indicating that polymerized gal
aptin immobilized in the wells was recognizing galactose-containing

glycoconjugate(s) present on the surface of A12I cells. This conclu
sion was supported by the observation that treatment of cells with
ÃŸ-galactosidase or neuraminidase resulted in modulation of adhesion

to polymerized galaptin (Fig. 2). Treatment with neuraminidase re
sulted in a 30% increase in adhesion to polymerized galaptin, pre
sumably by exposing penultimate galactose residues through removal
of a2-6-linked sialyl residues (42). Alternatively, treatment with ÃŸ-ga

lactosidase resulted in a 65% decrease in AI21 cell adhesion to
polymerized galaptin when compared to untreated control cells.

In an attempt to identify glycoproteins present in AI21 cells that
bind polymerized galaptin and. therefore, may act as receptors for cell
adhesion. Western blots of A121 cell extracts were probed with I2!SI-

polymerized galaptin. This probe bound to a protein with a molecular
mass of 110 kDa. This binding was carbohydrate specific since it was
inhibited by lactose (Fig. 3). The 110-kDa polymerized galaptin-

binding protein was partially purified from crude A121 cell extracts by
affinity chromatography on polymerized galaptin-Sepharose. Binding
of '25I-polymerized galaptin was greatly enhanced in Western blots of

polymerized galaptin-Sepharose lactose eluates compared to an equal
amount of protein from A121 cell extracts (Fig. 4). The 110-kDa
polymerized galaptin-binding protein appears to be glycosylated since
125I-polymerized galaptin did not bind to Western blots of lactose

eluates treated with W-glycanase. which cleaves all common classes of
Asn-linked oligosaccharides from glycoproteins (26) (Fig. 6). Further
support that the 110-kDa polymerized galaptin-binding protein is gly
cosylated was demonstrated by the observation that a 110-kDa | 'H|-

glucosamine-labeled glycoprotein was eluted from the polymerized
galaptin-Sepharose affinity column preloaded with extract prepared
from |'H]glucosamine-labeled A121 cells (Fig. 5).

Several lines of evidence suggest that the 110-kDa polymerized
galaptin-binding glycoprotein may be one of the lamps, lamp-1 or
lamp-2. (For review of lamps, see Ref. 33.) Lamps have reported
molecular masses ranging from 90-130 kDa (34. 35). The precise

molecular mass depends on the species and cellular source from which
the lamps are derived and also on the degree to which they are
glycosylated (29, 36-40). The reported molecular mass of lamps are
consistant with the molecular mass of the 110-kDa polymerized gal-

Fig. 10. Indirect immunofluorcscence of lamp-1 and lamp-2 in A12I cells. Monolayers of viable AI2I cells grown on coverslips were treated with I:1(X) dilution of lamp-1 (A) or
I:I(X) dilution of lamp-2 (fll polyclonal antibodies. Cells were washed and treated with 1:1(X)dilution of FITC-conjugated donkey anti-rabbit IgG. fixed in 27< paraformaldehydc. and
mounted on slides with 909Ã•glycerol-1.0 mM Tris (pH 9.0). Btir, II) urn.
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aptin-binding glycoprotein. Lamps are heavily glycosylated proteins.
The core proteins of lamp-1 and lamp-2 have masses of approximately

40 kDa (29). The remainder of these molecules is carbohydrate, which
may constitute 55-65% of the total mass of lamps. Lamp-1 and
lamp-2 contain 16-20 /V-glycosylation sites and several O-glycosyla-

tion sites. Oligosaccharides attached to these sites are abundant in
complex poly-;V-acetyllactosamines (29, 38. 41) which consist of
(GaIÃŸl^lGlcNAcÃŸl-3),, (/V-acetyllactosamine) repeats. We have pre
viously shown that splenic galaptin possesses high affinity for N-

acetyllactosamine (42). Although lamps are lysosomal proteins, they
have been shown to be present on the cell surface (39, 43-45). At

either location they are believed to function by protecting other cell
ular components in the microenvironment from degradation by hy-

drolytic enzymes (46). In several cellular systems, increased expres
sion of lamps on the cell surface, or increased amounts of
polylactosamines attached to cell surface lamps, has been associated
with an increased metastatic potential of these cells (47-49). Meta-

static tumor cells are highly invasive and appear to degrade tissues and
basement membranes. We previously demonstrated that A121 cells
degrade ECM by releasing hydrolytic enzymes (32), and therefore, it
is likely that A121 cells also express lamps on their cell surface as a
consequence of lysosomal enzyme exocytosis. It has been demon
strated that another S-type lectin, calf heart L14 lectin. binds lamp-1
from Chinese hamster ovary cells. Lamp-1 was immunoprecipitated

from Chinese hamster ovary extracts bound to L14 immobilized on
Sepharose (50).

Polyclonal lamp-1 and lamp-2 antibodies bound to proteins in

Western blots of A121 cell extracts with the same molecular mass as
the 110-kDa polymerized galaptin-binding glycoprotein. Lamp-1 and
lamp-2 were enriched in lactose eluates from affinity chromatography
of A121 cell extracts on polymerized galaptin-Sepharose. Antibody

binding was far greater in Western blots of lactose eluates than in blots
containing equal amounts of protein from A121 cell extracts (Fig. 7).
Since the polymerized galaptin-binding glycoprotein and lamps have
the same molecular mass and binding of '-''I-polymerized galaptin

and lamp-1 and lamp-2 antibodies is enhanced in lactose eluates. the
polymerized galaptin-binding glycoprotein is likely to be lamp-1
and/or lamp-2. To further support this conclusion, lamp-1 and lamp-2

were purified from A12I cell extracts by immunoprecipitation with
lamp-1 and lamp-2 antibodies. '^I-Polymerized galaptin recognized

the 110-kDa protein in Western blots of material immunoprecipitated
by both lamp-1 and lamp-2 antibodies (Fig. 9).

In order for lamp-1 or lamp-2 to act as receptors for polymerized

galaptin during adhesion of AI21 cells, they would necessarily have
to be present on the cell surface. Both lamp-1 and lamp-2 were

detected on the surface of A121 cells by indirect immunofluorescence
(Fig. 10). Since expression of lamps have been shown to be increased
on the surface of tumor cells with increased metastatic potential, lamp
molecules, or more specifically, the polylactosamines attached to
lamps, are believed to serve as ligands for lectins or other adhesive
molecules present on the surface of capillary endothelial cells or
underlying basement membranes. Since ovarian tumors primarily me-

tastasize to the peritoneal cavity, it would be of interest to determine
in future studies whether metastatic ovarian tumor cells present in
ascites express higher levels of lamps or polylactosamines on their cell
membranes than cells in the primary tumor or in benign tumors. It
would also be of interest to determine whether cell surface lamps are
adhesive ligands for galaptin present on the surface of mesothelial
cells that line structures in the peritoneum or present in the underlying
ECM.

In conclusion, we have demonstrated that polymerized galaptin can
serve as a substrate for human ovarian A121 cell adhesion. Its corre
sponding ligand appears to be a cell surface glycoprotein with mo

lecular characteristics associated with lamps rich in polylactosamine.
These membrane receptors appear to serve as adhesion factors for
endogenous galaptins present in ECM. These adhesion factors and
mechanisms may play an important role in tumor cell adhesion and
metastasis and may be exploitable as targets for chemotherapy.
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