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ABSTRACT

Monoclonal antibodies MOvl8 and MOvl9, raised against a mem
brane preparation of an ovarian carcinoma surgical specimen, react with
a surface antigen present on the majority of nonmucinous ovarian malig
nant tumors tested but not with normal adult tissue (S. Miotti, S.
Canevari, S. MÃ©nard,D. Mezzanzanica, G. Porro, S. M. Pupa, M.
Regazzoni, E. Tagliabue, and M. I. Colnaghi, Int. J. Cancer, 39: 297-
303, 1987). This surface antigen was purified as a soluble glycoprotein
(molecular mass, 36-38 kDa) released from the cell surface of an ovarian
carcinoma cell line (IGROV1) by digestion with Bacillus thuringiensis
phospholipase C. Immunoblotting demonstrated that the purified protein
reacted with MOvlS and MOvl9 and that treatment of the purified
preparation with A'-glycanase resulted in a protein with a molecular mass
of 27 kDa. The MI ,-lt'rminal amino acid sequence of the purified antigen

was determined. This sequence is highly homologous to an internal stretch
of 27 amino acids located near the NH3 terminus of human folate-binding
protein. An oligonucleotide probe was synthesized and used to screen an
IGROV1 ovarian carcinoma, Xgtl 1 complementary DNA library to ob
tain three complementary DNA clones. The complete nucleotide sequence
of one of these complementary DNA clones was determined. This se
quence is nearly identical to that of a folate-binding protein clone obtained
from the Caco-2 human carcinoma cell line. In addition, the nucleotide
sequence of the S'-untranslated region of the other two clones was

determined. This region of all three clones was different. The product of
the Caco-2 folate-binding protein clone expressed in Chinese hamster
ovary cells was recognized by the MOvlS and MOvl9 antibodies,
confirming that the antigen and folate-binding protein are one and the
same. Furthermore, a cell line that binds the MOvlS and MOvl9
antibodies expressed increased levels of folate-binding protein mRNA
compared with a cell line that does not bind these antibodies. These
results indicate that the MOvlS and MOvl9 monoclonal antibodies bind
to at least one form of folate-binding protein and that this protein, which
is evidently overexpressed in certain malignant tumors, may provide a
suitable target for immunotherapy with these antibodies.

INTRODUCTION

Monoclonal antibodies have been used to identify cell surface
molecules that are more highly expressed on tumor cells than
on normal cells. These tumor-associated antigens might serve
as diagnostic markers of neoplastic states or targets for immu
notherapy with antibodies that recognize these molecules (1).
Therapy using monoclonal antibodies has proved to mediate
tumor regression in many cases using animal models with
human tumor xenografts (2-5). Tumor cell growth suppression
is due to the activity of murine or human effector cells which
are localized to the tumor by antibody bound to a tumor-
associated antigen (5, 6). Other approaches to monoclonal
antibody-mediated tumor therapy include the use of radiola-
beled monoclonal antibodies (7-9), antibodies bound to toxins
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(10, 11), and bispecific antibodies (12). In each case, the speci
ficity of therapy is dependent on the relative expression of the
target antigen on normal and malignant cells.

Monoclonal antibody-mediated therapy is a potentially useful

treatment for women with ovarian cancer, a highly lethal disease
that is difficult to treat. This cancer advances insidiously, is
often detected in advanced stages, and is mostly refractory to
current therapeutic approaches (13). Following cytoreductive
surgery, patients with advanced cancer (Stages HI and IV) are
most commonly treated with a combination of cisplatin and
cyclophosphamide, resulting in a 5-year survival of only 5-30%
(13). It may be possible to improve treatment outcomes by
using monoclonal antibodies directed against tumor-associated
antigens as immunotherapeutic agents. A number of tumor-
associated antigens expressed on the surface of ovarian tumors
have been identified with monoclonal antibodies (14-20). How
ever, these antibodies exhibit varying degrees of reactivity with
normal tissues and often react with highly immunogenic mucin-
like proteins.

To identify less immunogenic molecules that might be more
specifically expressed on ovarian tumors, Miotti et al. (21) used
as an immunogen membranes of a surgical specimen of a
malignant ovarian tumor that was not reactive with any of the
antibodies previously generated in that laboratory. Using im-
munofluorescent detection methods, two monoclonal antibod
ies, MOvlS and MOvl9, were identified that reacted with the
vast majority of nonmucinous ovarian tumors tested but not at
all with any of the normal tissue samples evaluated. In a
separate study, these antibodies were determined to be reactive
with normal adult oviduct epithelium and kidney proximal and
distal tubules (22). These antibodies were found to recognize
different epitopes on the same glycosylphosphatidylinositol-
linked cell membrane protein with an apparent molecular mass
of 38 kDa (23).

The apparent relative specificity of these monoclonal anti
bodies to ovarian tumor cells makes them attractive candidates
for use as immunotherapeutic agents. Moreover, the restricted
expression of the antigen identified by these antibodies may
indicate that this molecule is of biological significance. To
investigate this possibility, the protein which bound both
MOvlS and MOvl9 was purified, an NHj-terminal amino acid
sequence was determined, and cDNA clones encoding the pro
tein reacting with the MOvlS and 19 antibodies were isolated
and characterized. The protein was identified as a folate-binding
protein (24, 25).

MATERIALS AND METHODS

Human Cell Lines and Cell Culture. The ovarian carcinoma cell line,
IGROV1 (26), and the breast adenocarcinoma cell line, MCF-7 (27),
were grown in RPM1 1640 with 10% fetal calf serum, 1 mM sodium
pyruvate, and 2 mM L-glutamine. The IGROV1, MA 104 (monkey
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kidney cell line), and CHO3 Kl transfected cell lines used to identify
hFBP expression by immunoblotting were grown in folie acid-free
M199 medium containing 5% fetal calf serum (28). The CHO parent
and transfected cell lines were kindly provided by Dr. Mark Leherman.
All media, sodium pyruvate, L-glutamine, and trypsin was purchased
from Hazleton Biologies, Inc., and the fetal calf serum was from
HyClone (Logan, UT). Puck's Saline G was purchased from Gibco

BRL Laboratories (Gaithersburg, MD). All cells were grown in a
humidified atmosphere with 5% CO2 at 37Â°C.

Bacterial Cultures. Phage particles were plated on Y1090, and Esch-
erichia coli HB101 was used for all plasmili constructions and plasmid
DNA preparations (29).

Direct Binding Assay. Antigen concentration was measured using a
solid-phase direct binding radioimmunoassay. Antibody-coated solid-
phase beads were prepared by passive adsorption. SÃŒX-MITIpolystyrene
beads (Hoover, Sault Sainte Marie, MI) were coated with MOvlS
antibody (5 ng/bead) for 15-17 h in PBS, pH 7.4. After rinsing with
PBS, the beads were coated with 1% BSA in PBS overnight at 45Â°C.

Subsequently, the beads were rinsed with PBS and stabilized with 1%
BSA, 2% sucrose, and 0.01% sodium azide in PBS for l h at room
temperature, air-dried, and stored at 4Â°C.

MOvl9 antibody used as a tracer in the assay was radiolabeled with
'"I (Amersham, Arlington Heights, IL) to a specific activity of 6 ^Ci/

Mg, using iodobeads (Pierce Chemical Company, Rockford, IL). The
l25I-MOvl9 was diluted to a final concentration of approximately 1 x
10* cpm/ml in tracer buffer consisting of PBS, 1% BSA. A standard

solution was prepared from IGROV1 supernatant collected from cells
seeded at approximately 3 x IO5 cells/ml in 30 ml/T150 flask. Cells

were allowed to grow for approximately 7 days until 95% confluent.
The supernatant was pooled, filtered through a 0.22-Mm filter, and
concentrated 4-fold by diafiltration. This standard solution (100 units/
ml) was frozen at -70Â°Cand used for reference.

Assays were performed as follows. The antibody-coated beads were
incubated for 20 h at room temperature with 100 n\ of I25l-labeled

MOvl9 tracer and 100 M' of the unknown sample or standard. The
beads were washed three times with distilled water and counted in an
LKB gamma counter. The number of counts bound was compared with
a standard curve constructed from dilutions of the reference standard.
The concentration of antigen in arbitrary units/ml was computed.

Protein Purification and Characterization. IGROV1 cells were re
leased from roller bottle surfaces by treatment with trypsin and washed
once with Puck's saline G. Cells were then resuspended in PBS at a
concentration of 5 x IO6 cells/ml and incubated with 0.3 units/ml of
phosphatidylinositol-specific phospholipase C from Bacillus thurin-
giensis (American Radiolabeled Chemicals, St. Louis, MO) for l h at
37Â°C.The cells were centrifuged for 5 min at 1,200 x g, and the

resulting supernatant was centrifuged once more at 10,000 x g for 15
min.

The solubilized antigen was purified on a MOvlS immunoaffinity
column. This column was prepared by coupling purified MOvlS anti
body to Affi-gel 10 (BioRad, Richmond, CA) according to the manu
facturer's suggested protocol. Following a PBS wash, bound antigen

was eluted from the column using a 25 mM sodium acetate buffer at
pH 3.0. Eluate fractions were restored to pH 7.0-8.0 with 1 M Tris
base.

The antigen content of the fractions was measured with the solid-
phase direct binding radioimmunoassay described above. Fractions
containing peak amounts of activity were electrophoresed on a 10-15%
gradient polyacrylamide Phast Gel (Pharmacia) using sodium dodecyl
sulfate buffer strips (Pharmacia) and stained with a Phast Gel Silver
kit according to the manufacturer's protocol. Dilute protein samples

were concentrated by precipitation in 20% (wt/v) trichloroacetic acid.
The pellet was washed twice with ice-cold acetone and dissolved in
electrophoresis sample buffer. Those fractions appearing 100% pure
were pooled and then dialyzed against PBS and concentrated with
Centriprep 10 Concentrators (Amicon, Danvers, MA). The protein

3The abbreviations used are: CHO, Chinese hamster ovary; hFBP, human
folate-binding protein; PBS, phosphate-buffered saline; BSA. bovine serum al
bumin; cDNA, complementary DNA; SSC, standard saline citrate (lx SSC =
0.15 M NaCI, 0.015 M sodium citrate); SDS-PAGE, sodium dodecyl sulfate-
polyacrylamide gel electrophoresis.

content of the concentrated sample was determined according to the
method of Bradford (30).

The purified protein was electrophoresed on a 12% sodium dodecyl
sulfate-polyacrylamide slab gel and stained using a silver stain kit
(BioRad) according to the manufacturer's suggested protocol. Alter

natively, the electrophoresed protein was transferred to nitrocellulose
using a BioRad trans-blot cell at 0.5 A for 1.25 h at 4Â°Cin 25 miviTris,

190 mM glycine, and 20% methanol. After transfer, the nitrocellulose
was blocked in Blotto (PBS, 5% nonfat dry milk, 0.02% sodium azide)
containing 0.2% Tween 20 for 3-12 h at 4Â°C.The blot was subsequently

incubated in Blotto plus 0.2% Tween 20 containing the primary anti
body for 3 h at room temperature. The primary antibody was used at a
concentration of 10 Mg/ml for MOvlS, MOvl9, and the negative
control antibodies 17-1A (y2a,K) and TR66 (-yl,*). A concentration of

10 Mg/ml of each antibody was used for the mixture of MOvlS and
MOv 19, and a concentration of 50 Â¿jg/mlwas used for the anti-MOv 18/
19 antigen polyclonal serum. Following three 5-min washes in PBS,
the blot was incubated for another 3 h in Blotto plus 0.2% Tween 20
containing 1.0 x IO6counts/ml of protein A, '"I-labeled with Hunter-

Bolton reagent (>30 mCi/ml, affinity purified; Amersham). For the
immunoblot of the membrane preparations, the secondary antibody
was a goat anti-mouse or a goat anti-rabbit IgG alkaline phosphatase
conjugate (BioRad). Finally, the blot was washed in PBS and autora-
diographed at -70Â°Cwith intensifying screens.

iV-Glycanase Digestion. Purified antigen (200 ng) was boiled for 3
min in 0.5% SDS/0. l M /i-mercaptoethanol and digested overnight at
37Â°Cwith 0.3 units A'-glycanase (Genzyme recombinant enzyme, 250

units/ml) in 0.18 M sodium phosphate buffer. pH 8.6, 0.01 M phenan-
throline hydrate, and 1.25% NP40.

Protein Sequencing. Approximately 50 pmol of protein were applied
to a polybrene-coated glass fiber filter and subjected to automated NH3-
terminal Edman degradation using an Applied Biosystems (Foster City,
Ã‡A)477A/120 pulsed-liquid phase sequencer/phenythiohydantoin ana
lyzer (31 ). Sequencing was repeated twice more for verification.

Isolation, Cloning, and Sequencing of cDNA Clones. The IGROV1
cDNA Xgtll library was prepared by Clontech (Palo Alto, CA). This
library was plated at a density of approximately 25,000 plaque-forming
units/150 x 15 mm Petri plate and screened with an oligonucleotide
probe (32). The filters were prehybridized in 6x NET, 5x Denhardt's

solution, 0.1 % SDS, and 100 Mg/ml sonicated, denatured salmon sperm
DNA for 4-16 h at 65Â°C(lx NET = 0.15 M NaCI, 15 mM Tris-HCl,

pH 8.3, 1 mM EDTA). The filters were then hybridized with the 81-
mer radiolabeled with 5'-[Â«-12P]dCTPby random priming for 2 h at
65Â°Cin 6x NET, 5x Denhardt's solution, 0.1% SDS. The filters were
washed four times, 5 min each in 6x SSC, 0.1% SDS at 37'C and once
in 6x SSC, 0.1% SDS for 1 min at 65Â°C.Positive plaques present on

duplicate filters were purified. Inserts of purified phage were amplified
using Pri-Mate cDNA Insert Screening Amplimers (Clontech) and
subcloned into the Smu\ site of pUC18. In addition, the phage inserts
were subcloned into the EcoRl site of M13 or force-cloned into the
Kpnl-Hindlll sites of M13, using either the original Â£coRIends of the
phage inserts or the pUCIS multiple cloning polylinker sequences as
targets for the excision of the insert.

The nucleotide sequence of both strands of the subcloned inserts was
determined by a chain termination method using a Sequenase kit
(United States Biochemical Corporation, Cleveland, OH) according to
the manufacturer's recommended protocol. Primers used for sequenc

ing were generated on an Applied Biosystems 380A DNA Synthesizer
or purchased from Promega (Madison, WI) or from the DNA Synthesis
Facility at the Wistar Institute (Philadelphia, PA).

Southern and Northern Analyses. Fifteen jig of genomic DNA were
digested with Hindlll, Xbal, or Bgl\l and electrophoresed on a 0.7%
agarose gel. Southern transfer of the DNA to nitrocellulose was per
formed essentially as described by Sambrook et al. (29). The filter was
hybridized with probe, labeled with 5'-[Â«-12P]dCTPby random priming,
in 50% formamide, 2x Denhardt's solution, 200 Mg/ml sheared salmon
sperm DNA, and 5x SSC for 12 h at 42Â°C.Filters were washed with
0.5X SSC, 0.1% SDS at 65Â°Cand autoradiographed with intensifying
screens at -70Â°C.

For Northern analysis, 30 /ig of total RNA from each cell line were
electrophoresed through a 1.5% agarose gel containing 2.2 M formal-
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dehyde and transferred to nitrocellulose essentially as described previ
ously (29). Hybridizations with probes, labeled with 5'-[Â«-32P]dCTPby

random priming, were performed as described above for the Southern
analysis. The Northern blot was washed with Ix SSC, 0.1% SDS at
65Â°C,autoradiographed with intensifying screens at -70Â°C, and then

stripped by boiling in H2O for 10 min. The stripped filter was subse
quently hybridized to a control /3-actin probe (33) and washed with
0.25X SSC, 0.1% SDS at 65Â°C.

Polyclonal Antibody Production and Purification. Two white New
Zealand rabbits were injected after a prebleed with 2 ml of 15 Mg/ml
purified antigen in complete Freund's adjuvant intradermally at 10 to

20 sites across the back. The rabbits were boosted at 4-week intervals
for 2 more months with 2 ml of 5 Â¿ig/mlpurified antigen in incomplete
Freund's adjuvant as above. Immune serum was collected after the

second boost of purified antigen. The rabbit serum was adjusted to 10
irmi Tris-Cl, pH 8.0, 1.0 mM EDTA and passed twice over a protein
A-Sepharose column (Pharmacia, Piscataway, NJ). The IgG fraction
was eluted with 0.1 M sodium citrate, pH 3.5, and fractions were
neutralized with 1 M Tris base. The protein concentration of the
fractions was determined by absorbance at A2sowith a Beckman DU-
50 spectrophotometer. Peak fractions were pooled and dialyzed against
PBS.

Cell Membrane Preparation and Immunoblots. IGROV1, MA 104, or
CHO cells were grown to confluence and washed twice with PBS prior
to harvest. The monolayer was subsequently incubated with 2 ml of
0.05% trypsin in Hanks' balanced salt solution/0.53 mM EDTA for 5
min at 37Â°C.Cells were harvested by centrifugation, and 5-7 x IO6

cells were resuspended in 3 ml of 10 mM Tris, pH 8.0, 0.02 mg/ml
aprotinin, and 0.02 mg/ml leupeptin. The cell suspension was incubated
on ice for 7 min and disrupted with a Dounce homogenizer by 25
strokes over 1 min (on ice). The resulting supernatant was centrifuged
at 100,000 x g for 20 min at 4Â°C,and the pellet was suspended in

solubili/alimi buffer A (50 mM Tris, pH 7.4, 150 mM NaCl, 25 mM
octyl glucoside, 5 mM EDTA, 0.02 sodium azide, l mg/ml BSA). The
membrane was solubilized by gentle rocking overnight at 4Â°C.The

insoluble membrane debris was removed by centrifugation at 100,000
x g for 20 min at 4Â°C,and the protein content was measured (30). Five

Â¡igof soluble membrane protein were applied to a 12% SDS-PAGE

minigel and blotted as previously described.

RESULTS

Antigen Purification and Characterization. Antigen released
from phospholipase C-treated IGROV1 ovarian carcinoma cells
was purified essentially to homogeneity in a single step using a
MOvlS immunoaffmity column. This immunoaffinity purifi
cation step resulted in a 2062-fold purification of the solubilized
antigen (Table 1). The resulting purified protein appeared as a
single band (molecular mass, 36-38 kDa) after sodium dodecyl
sulfate-polyacrylamide gel electrophoresis (Fig. \A, Lane I).
Glycosylation of the protein was confirmed by enzymatic treat
ment with A/-glycanase. Following this treatment, a band was
observed on the gel at about M, 27,000 (Fig. IA, Lane 2),
indicating that about 25% or more of the glycoprotein consisted
of carbohydrate.

The immunoreactivity of the purified protein was confirmed
by immunoblotting (Fig. IB). In two separate experiments, the
purified, electrophoresed protein was transferred to nitrocellu
lose and reacted with rabbit antiserum raised against the solu-

Table 1 Fold-purification of the MOvlS/ 19antigenPurification

stepPI-PLC

solubilized
IGROV1Affinity

Chromatograph)
eluateVolume

(ml)20

13Total

protein
(mg)24.75

0.012Total

activity
(units)68,400

56,650Specific

activity
(units/mg)2763

4.7 x 10"

A

kD

68 -

43 â€”¿�

29 â€”¿�

18.4 â€”¿�
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B

kD
97-
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43 â€”¿�

29 â€”¿�

18.4 â€”¿�

14.3 â€”¿�

kD
97 â€”¿�
68 â€”¿�

43 â€”¿�

29-

18.4 â€”¿�

14.3 â€”¿�

1 1

Fig. 1. Characterization of the solubilized CA-MOvl8 antigen purified from
ovarian carcinoma cells. A, deglycosylation of the antigen; Lane I. untreated
antigen; Lane 2, antigen following treatment with /V-glycanase; Lane 3, N-
glycanase alone. Samples were silver stained following gel electrophoresis (12%
SDS-PAGE). B, immunoblot of the antigen; Lane I, purified antigen blotted with
rabbit antiserum raised against the purified antigen; Lane 2. equimolar mixture
of MOvlS and MOvl9 antibodies; Lane 3. MOvlS antibody: Lane 4, MOvl9
antibody. Irrelevant, isotype identical antibodies did not generate a signal when
used to blot an identical filter.

bilized, purified antigen, with the MOvlS or MOvl9 antibody
alone or with a mixture of the MOvlS and MOvl9 antibodies.
In each case, a single band (Mr 36,000-38,000) was observed.

Protein Sequencing. The NH-rterminal amino acid sequence

of the purified antigen was determined. It was not possible to
identify amino acids at positions 7, 13, 18, 20, 24, 25, and 27.
In addition, two distinct signals were obtained at positions 12
(Trp and His) and 21 (Asp and Glu). All other amino acids
from positions 1 to 26 were unequivocally identified. The
sequence is presented in Fig. 2A along with the homologous
sequences of folate-binding protein purified from human milk
(24), the KB human epidermoid carcinoma cell line (25), and
bovine folate-binding protein (34).

The striking homology with hFBP purified from the other
two sources is evident. The CA-MOvlS antigen sequence is
identical to the other hFBP sequences at all positions for which
an amino acid is identified, except for positions 12 and 21,
where the presence of a tryptophan or a glutamic acid residue,
respectively, is possible. These data suggest that two polypep-
tides with differing sequences might be present. In addition,
bovine folate-binding protein and the purified antigen share
65-75% homology at the amino acid sequence level in the
region identified by protein sequencing.

The antigen sequence initiates at a position internal to the
NH, terminus of the other proteins presented in Fig. 2A;
however, it begins at the same position as a truncated version
of the bovine protein identified in some preparations (34).
Trypsin is known to cleave after arginine. Therefore, it is
probable that both the truncated bovine protein and the protein
sequence presented here are due to truncation of full-length
proteins due to the action of trypsin. Tissue culture cells used
to generate the purified protein were trypsinized prior to phos
pholipase C digestion.

Cloning and Sequencing. Fig. 2B presents the sequence of an
oligonucleotide (81-mer) synthesized based on the published
nucleotide sequence of the hFBP cDNA isolated from a human
carcinoma cDNA library (35). This oligonucleotide was used to
screen an IGROV1 cDNA library constructed in Xgtll. Ap
proximately 100,000 phages were screened to obtain eight
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* * * * * * *
A bfBP Ala Gin AH Pro Arg Tht Pro Arg Ala Arg Thr Aip Leu Leu Asn Val Cys Mel Aap Ala Lyt Hia Mia Lys Ala Olu Pro Gly Pro Glu Aap Set LÂ«uHla Glu Gin CyÂ»

hFBPIKB)

hFBP(milk)

lililÃ I I I I I* I
lie Ala Trp Ala Arg Thr Glu Leu Leu Am Val X Met Aan Ala i.ys Hif Hia

lie Ala Trp Ala Arg Tnt Glu Leu Leu Asn Val X Met Aan Ala Lya Hia* Hia Lya Glu Lya Pro Gly Pro Glu Aap Lya Leu Mia Glu Gin X
lililÃ l I I I I I I I I I I I I I I I I I I .1

Thr Glu Leu Leu Asn Val X Met Asn Ala Lys Trp X Lys Glu Lys Pro X Pro X Aap Lys Leu X X Gin X
His Blu

1 2 3 4 5 6 7 e 9 IO 11 12 13 14 15 1Â« 17 11 19 20 21 22 23 24 25 M 27

B 'ai

Fig. 2. Sequence analysis of the purified CA-MOvlS antigen and related proteins. A, NHj-terminal amino acid sequences of the folate-binding proteins purified
from bovine milk (34), human KB cells (25), and human milk (24) aligned with the sequence of the purified antigen (unlabeled sequence), x, unidentified residues; *,
positions of divergence. B, nucleotide sequence of the oligonucleotide probe used to screen the IGROV1 cDNA library. The nucleotides are arranged in triplets below
the amino acid for which they code.

positives. The inserts from five of the positive pliages were
subcloned and either partially or completely sequenced. The
amino acid ambiguities at positions 12 and 21 of the protein
sequence of the purified antigen indicated that a protein differ
ent from previously characterized folate-binding proteins might
be expressed in the IGROV1 cell line. Therefore, the nucleotide
sequence of the region spanning these differences was deter
mined for each of the five subclones (data not shown). In each
case, the nucleotide sequence of this region was identical to
that of previously characterized cDNA clones which encode
hFBP (35-37). Partial sequence analysis of the cloning junc
tions of each cDNA indicated that each was an independent
isolate (data not shown).

The complete nucleotide sequence of one positive phage
insert (clone 31) was determined (Fig. 3). This cDNA was 1003
basepairs and contained a 771-basepair open reading frame
which encodes a protein with a predicted molecular mass of 28
kDa. This open reading frame included a 75-basepair sequence
that may encode a signal peptide of 25 amino acids (35).
Cleavage of this peptide would result in a mature protein having
a molecular mass of approximately 25 kDa. Three possible
glycoslation sites were observed in the sequence (Fig. 3) con
sistent with the results of Lacey et al. (35). Also, the hydropho-
bic COOH-terminal sequence of the protein is consistent with
a glycosylphosphatidylinositol linkage site (35). The open read
ing frame was flanked by a 5'-untranslated region of 95 base-
pairs. The 3'-untranslated region of this clone was 134 nucleo

tides in length and contained a consensus polyadenylation
signal (AATAAA) and a poly A tail.

The sequence of the 5'-untranslated region of clone 31 was

available from the complete sequence shown in Fig. 3. In
addition, the sequence of the 5'-untranslated region of two

other complete cDNA inserts (clones 51 and 4/6) was deter
mined. The sequence of the 5'-untranslated region of all three
clones is shown in Fig. 4/4. Each of the 5'-untranslated regions
of the three clones is identical to position â€”¿�10,at which point

the sequence of clone 51 diverges completely from that of the
other two clones. The homology between the 5'-untranslated
regions of clones 31 and 4/6 continues from position â€”¿�10to
the end of clone 31 at position â€”¿�95,although these sequences
do differ by 3 basepair substitutions in this region. The 5'-
untranslated region of clone 4/6 continues to position â€”¿�140.It

is possible that these three clones represent three discrete classes
of mRNA. On the other hand, the fact that the 5' end of clone

31 occurs within a region of homology with clone 4/6 may
indicate that clone 31 is an incomplete cDNA. Thus, clone 4/
6 and clone 31 may represent one class of hFBP message, and
clone 51 another class that arises by transcription occurring at
a different promoter.

The 5'-untranslated region of previously described cDNAs

obtained from three additional human sources encoding hFBP
are also diverse. Two clones were obtained from cDNA libraries

constructed with mRNA from KB carcinoma cells (36, 37), one
was derived from placental mRNA (38), and one was obtained
from the Caco-2 epidermoid cell line (35). The placental cDNA
shares approximately 75% homology with the sequences pre
sented here. The diversity of the 5'-untranslated region of the

other complete cDNA clones is illustrated in Fig. 4B. All five
clones are identical to position â€”¿�10,at which point clone 51

diverges completely from the other clones. The remainder of
the 5'-untranslated region of this clone contains no homology

with the other clones. In contrast, homology between clones
31, 4/6, and the Caco-2 clone continues past position â€”¿�10.The
sequence of clone 31 differs from that of the Caco-2 clone in

-95
GGGAGCCACCTCCTCTCCCAGGAACTGAACCCAAAGGATCACCTGGTATT -46

CCTTGAGAGTACAGATTTCTCCGGCGTGGCCCTCAAGGGACAGAC ATG GCT CAG CGG ATG 15
Met Ala Gin Arg Met 5

ACÃ•ACÃ• CAG CTG CTG CTC CTT CTA GTG TGG GTG GCT GTA GTA GGG GAG GCT 66
Thr Thr Gin Leu Leu Leu Leu Leu Val Trp Val Ala Val Val Gly Glu Ala 22

CAG ACÃ•AGO ATT OCA TGG GCC AGG ACT GAG CTT CTC AAT GTC TGC ATG AAC 117
Gin Thr Arg Ile Ala Trp Ala Arg Thr Glu Leu Leu Asn Val Cys Met Asn 39

GCC AAG CAC CAC AAG GAA AAG CCA GGC CCC GAG GAC AAG TTG CAT GAG CAG 168
Ala Lys His His Lys Glu Lys Pro Gly Pro Glu Asp Lys Leu His Glu Gin 56

TOT CGA CCC TGG AGG AAG AAT GCC TGC TGT TCT ACC AAC ACC AGC CAG GAA 219
Cys Arg Pro Trp Arg Lys Asn Ala Cys Cys Ser Thr Asn_Thr Ser Gin Glu 73

GCC CAT AAG GAT GTT TCC TAC CTA TAT AGA TTC AAC TGG AAC CAC TGT GGA 270
Ala His Lys Asp Val Ser Tyr Leu Tyr Arg Phe Asn Trp Asn His Cys Gly 90

GAG ATG GCA CCT GCC TGC AAA CGG CAT TTC ATC CAG GAC ACC TGC CTC TAC 321
Glu Met Ala Pro Ala Cys Lys Arg His Phe Ile Gin Asp Thr Cys Leu Tyr 107

GAG TGC TCC CCC AAC TTG GGG CCC TGG ATC CAG CAG GTG GAT CAG AGC TGG 372
Glu Cys Ser Pro Asn Leu Gly Pro Trp Ile Gin Gin Val Asp Gin Ser Trp 124

CGC AAA GAG CGG GTA CTG AAC GTG CCC CTG TGC AAA GAG GAC TGT GAG CAA 423
Arg Lys Glu Arg Val Leu Asn Val Pro Leu Cys Lys Glu Asp Cys Glu Gin 141

TGG TGG GAA GAT TGT CGC ACC TCC TAC ACC TGC AAG AGC AAC TGG CAC AAG 474
Trp Trp Glu Asp Cys Arg Thr Ser Tyr Thr Cys Lys Ser Asn Trp His Lys 158

GGC TGG AAC TGG ACT TCA GGG TTT AAC AAG TGC GCA GTG GGA GCT GCC TGC 525
Gly Trp Asn _Jrp Thr Ser Gly Phe Asn Lys Cys Ala Val Gly Ala Ala Cys 175

CAA CCT TTC CAT TTC TAC TTC CCC ACÃ•CCC ACT GTT CTG TGC AAT GAA ATC 576
Gin Pro Phe His Phe Tyr Phe Pro Thr Pro Thr Val Leu Cys Asn Glu Ile 192

TGG ACT CAC TCC TAC AAG GTC AGC AAC TAC AGC CGA GGG AGT GGC CGC TGC 627
Trp Thr His Ser Tyr Lys Val Ser Asm Tyr_Ser Arg Gly Ser Gly Arg Cys 209

ATC CAG ATG TGG TTC GAC CCA GCC CAG GGC AAC CCC AAT GAG GAG GTG GCG 678
Ile Gin Met Trp Phe Asp Pro Ala Gin Gly Asn Pro Asn Glu Glu Val Ala 226

AGG TTC TAT GCT GCA GCC ATG AGT GGG GCT GGG CCC TGG GCA GCC TGG CCT 729
Arg Phe Tyr Ala Ala Ala Met Ser Gly Ala Gly Pro Trp Ala Ala Trp Pro 243

TTC CTG CTT AGC CTG GCC CTA ATG CTG CTG TGG CTG CTC AGC TGA CCTCCT 7Â«0
Phe Leu Leu Ser Leu Ala Leu Met Leu Leu Trp Leu Leu Ser End 257

TTTACCTTCTGATACCTGGAAATCCCTGCCCTGTTCAGCCCCACAGCTCCCAACTATTTGGTTCCTG 847

CTCCATGGTCGGGCCTCTGACAGCCACTTTGAÂ¿1AÂ¿ACCAGACACCGCAAAAAAAAAAAAA 908

Fig. i. Complete nucleolide sequence and predicted amino acid sequence of a
cDNA encoding hFBP isolated from the human ovarian carcinoma cDNA library
prepared from IGROVI cells. The nucleotide sequence is thai of clone 31. Hollnm,
amino acids predicted from the sequence of clone 31. I, start of translation
initiation. The numbers to the right of the sequences indicate the nucleotide or
amino acid position. , polyadenylation signal; , three potential gly-
cosylation sites. The hydrophobic COOH-ierminal tail from amino acids 239-
257 is consistent with a glycosylphosphatidylinositol linkage site.

6128

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/51/22/6125/2445690/cr0510226125.pdf by guest on 19 M

ay 2023



TUMOR ANTIGEN CA-MOvIS IS A FOLATE-BINDING PROTEIN

B -95i-96

1-74

1!-10
VI

I;
n

.. -- 4 ._ !

-140

-211 -11
â€”¿�f-

-153
h-

31 (IGROVI)

Caco-2

4/6 (IGROVI)

KB

51 (IGROVI)

Fig. 4. Comparison of the 5'-untranslated regions of cDNAs encoding hFBPs. A, nucleotide sequence of the 5'-untranslated region of three clones isolated from
the IGROVI ovarian carcinoma cDNA library. B, schematic diagram of the relationship between the 5'-untranslated region of the three cDNA clones isolated from
the IGROV1 ovarian carcinoma cDNA librar) and those isolated from the Caco-2 and KB carcinoma cDNA libraries (35, 36). , joining of two regions that are
contiguous in a given clone: bold line, complete divergence between sequences; arrows, initiation of translation.

this region where the Caco-2 clone has an extra nucleotide at
the extreme 5' end and two basepair substitutions relative to
clone 31. The 5'-untranslated regions of clone 4/6 and the
Caco-2 cDNA are nearly identical up to the 5'-end of the Caco-

2 cDNA, which has only one basepair mismatch in this region.
As with clone 31, this may indicate that the Caco-2 clone is an
incomplete cDNA and that clone 4/6 represents a more com
plete form of the same class of message.

Clone 31 and the full-length KB (36) cDNA have two regions
of homology in their 5'-untranslated regions. These sequences
are identical to position â€”¿�10and then apparently diverge. The
sequence beginning at position â€”¿�11of the KB cDNA is homol
ogous with the cDNA sequence from positions â€”¿�74to â€”¿�95of
clone 31, clone 4/6, or Caco-2 clones. This homology continues
to the end of the clone 4/6. This sequence arrangement may be
due to the generation of related messages by transcription from
multiple promoters or transcription initiation sites and alter
native splicing of the resulting transcripts (39).

Northern and Southern Analysis. A probe containing the
entire clone 31 sequence was hybridized to a Northern blot of
total cytoplasmic RNA isolated from the IGROVI ovarian
carcinoma cell line and from the MCF-7 breast carcinoma cell
line that does not contain detectable CA-MOvl8 antigen on
the cell surface. A band indicating the presence of a message,
approximately 1 kilobase in size, was obtained with IGROVI
RNA after a 4-day exposure. No band was observed with total
RNA isolated from MCF-7 cells (Fig. 5). In another experiment
(data not shown), no band was observed with the MCF-7 RNA
after a 10-day exposure. These results indicate a correlation
between the presence of detectable CA-MOvl8 antigen on the
cell surface and message accumulation in these ovarian cancer
cells.

Genomic DNA was isolated from the IGROVI ovarian car
cinoma cell line; cleaved with Hindlll, Xbal, and Bgfll; and
hybridized with clone 31 DNA. These enzymes did not cleave
the cDNA. The results of this Southern blot are shown in Fig.
6. Several bands were generated by the Hindlll, Xbal, and BgÃ±l
cleavages, indicating the presence of introns and/or of multiple
related genes.

Expression Studies. To verify that the MOvlS and MOvl9
antibodies recognize the product of an hFBP clone, membrane
preparations from a CHO cell line, transfected with the Caco-
2 clone (35), were immunoblotted with MOvlS and MOvl9

and with polyclonal antiserum raised against the purified CA
MOvlS antigen (Fig. 7). Membrane preparations from
IGROVI and MA104 cells were used as positive controls for
the binding of MOvlS antibody and for hFBP expression,
respectively. In each case, a similar band was observed (M,
36,000-38,000), indicating identity between the cloned and
normally expressed proteins. Blots performed with three times
the amount of a crude membrane preparation isolated from the
mock-transfected parental CHO cell line were negative with
MOvlS, MOvl9, and the polyclonal antiserum (data not

28S â€”¿�

18S â€”¿�

/5-actin â€”¿�

Fig. 5. Northern analysis of RNA isolated from the IGROVI human ovarian
carcinoma cell line (Lane I) and the MCF-7 human breast carcinoma cell line
(Lane 2). Thirty Â»jgof total RNA were separated by electrophoresis through a
formaldehyde gel, transferred to nitrocellulose, and hybridized with the insert of
clone 31 labeled with 5'-[n-3JP]dCTP. The blot was washed in Ix SSC, 0.1%
SDS at 65Â°C.Bottom, results obtained when the blot was reprobed with the actin

probe (33) to standardize the amount of RNA loaded. More than five times the
amount of RNA was loaded in Lane 2 with no signal apparent, indicating the
dramatic overexpression of CA-MOvl8 antigen (hFBP).
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reacted with these antibodies (22). Moreover, our data indicates
that hFBP message and protein is expressed at high levels in
ovarian cancer cells, a result consistent with the companion
report (42).

Folate-binding protein has previously been purified and char
acterized from a number of sources (43-47). Two forms of this
protein, a membrane-bound, paniculate form and a soluble
form, have been identified and may share a precursor product
relationship. The reported molecular weights for these purified
proteins vary from 38,500 to 50,000. Immunoaffinity purified
folate-binding protein from ovarian carcinoma tissue culture
cells treated with B. thuringiensis phospholipase C was found
to have an apparent molecular mass of 36-38 kDa, consistent
with previous reports. The /V-glycanase-treated protein was
found to have an apparent molecular mass of 27 kDa, clearly
indicating that this protein is glycosylated.

Two types of cDNA clones encoding hFBP have been previ
ously isolated. cDNA clones isolated from KB human epider-
moid carcinoma (36, 37), Caco-2 human colon carcinoma cells
(35), and the IGROV1 ovarian carcinoma cell line reported
here are all highly homologous. In addition, cDNAs isolated
from the SKOV3 ovarian carcinoma and the HT-29 colon
carcinoma reported in the companion paper (42) are also mem
bers of this highly homologous group. In another report (38),
a cDNA clone sharing approximately 75% homology with this
group was isolated from a placental library. The amino acid
sequence of hFBP isolated from human milk (24) and from the
KB carcinoma cell line (25) is correctly predicted by the se
quence of the more abundant class of cDNA clone. These
findings indicate that there is more than one gene encoding
hFBP and that one gene or a group of highly homologous genes
is preferentially expressed in carcinoma cells. However, neither
of these cDNA classes encodes a protein containing a trypto-
phan at position 17 of the mature protein, as indicated by the
hFBP amino acid sequence presented here. The source of the
discrepancy at this amino acid position is unclear, but it may
indicate the presence of another form of hFBP encoded by a
message not represented by the cDNA clones identified to date.

B

123 kD
Fig. 6. Southern blot analysis of genomic ovarian carcinoma (IGROV1) cell ^Q C

DNA. Genomic IGROV1 DNA was cleaved with Hindlll (Une I), Xhal (Lane ^*-^

2), and BgH\ (Lane 3). The blot was probed with the insert of clone 31 labeled
with 5'-|Â«-32P]dCTPand washed in 0.5x SSC. 0.1% SDS at 65Â°C.*. faint bands. 32.5

t â€¢¿�Â«â€¢mmm
shown). Moreover, the transfected CHO cells bound more
tritiated folie acid than either the IGROV1 or MA 104 cell lines,
while the tritiated folie acid binding of mock-transfected CHO
cells was not detectable using methods detailed elsewhere (Table
2) (28, 40).

DISCUSSION

We have determined that the tumor-associated antigen rec
ognized by the MOvlS and MOvl9 monoclonal antibodies is a
folate-binding protein. These antibodies were raised against an
ovarian carcinoma cell membrane preparation and bind to a
cell surface antigen expressed on 90% of nonmucinous ovarian
carcinomas tested by immunofluorescence and immunoperoxi-

dase staining (21, 41). Of the normal tissues tested, only adult
kidney tubule epithelium and adult fallopian tube epithelium

1 2 3 123 123
Fig. 7. Iinninnolili Â»of membrane preparations from IGROV 1 (Lane 1),

MA 104 (Lane 2), and CHO cells transfected with a hFBP clone (Lane 3).
Membrane preparations were prepared, electrophoresed on a 12% SDS-PAGE
gel, blotted to nitrocellulose, and overlaid with MOvl8 (A). MOvl9 (B). or
polyclonal anti-serum raised against the purified CA-MOvl8 antigen (C).

Table 2 Folie acid binding of CHO transfectanls and cell lines

Cell line
Folie acid binding

(pM/10' cells)

Transfected CHO
Mock-transfected CHO
MA104
IGROV 1

25
<0.1

2
20
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In addition, it is possible that the less homologous hFBP
message identified by the cDNA isolated from the placenta!
cDNA library is also present in carcinoma cells, expressed in
both normal adult tissues and placenta, or is expressed solely
in the placenta. Further analysis of hFBP message present in
these different tissues with gene-specific probes and/or charac
terization of the protein product should clarify this matter.

There is marked heterogeneity between the 5'-untranslated

region of the hFBP cDNAs obtained from carcinoma cDNA
libraries. This heterogeneity probably results from the use of
multiple promoters and/or transcription initiation sites present
upstream of either a single gene or multiple members of a
related gene family. Alternative splicing of messages transcribed
from different promoters or transcription initiation sites might
also account for some of the observed 5'-untranslated region

heterogeneity. The difference in size of the heterogeneous RNA
species described here is likely to be less than the resolution of
Northern analysis. Therefore, studies to further characterize
the heterogeneity of the hFBP 5'-untranslated regions of the

ovarian carcinoma cell cDNA are underway.
The 5'-untranslated region of eukaryotic mRNA may be

important in the determination of message stability and trans-
latability (39). Consequently, the heterogeneity of the hFBP 5'-

untranslated region described here may play a role in the
regulation of hFBP expression. The pattern of the 5'-untrans

lated regions described here for hFBP message is very similar
to that described for mouse a-amylase (48). In that case, tissue-
specific transcription is reflected in the accumulation of o-
amylase messages having different 5'-untranslated regions in

different tissues, while still coding for identical proteins.
Expression of the folate-binding protein gene(s) may also be
tissue specific, and transcription initiation directed by a pro
moter represented by one class of hFBP message may be more
frequent in ovarian carcinoma cells than in other tissues. Alter
natively, the separate classes of hFBP message may be differ
entially expressed within ovarian carcinoma cells in a fashion
analogous to the differential expression demonstrated for rat
insulin-like growth factor I (49). In that system, three classes
of transcripts differing by their 5'-untranslated region respond

independently to growth hormone. Increased expression from
a hormonally regulated promoter could account for the in
creased hFBP message level in ovarian carcinoma cells reported
here.

High-affinity folate-binding proteins are responsible for bind
ing folate from extracellular pools of 5-methyltetrahydrofolic
acid and initiating the process of folate transport across cell
membranes necessary for cell growth. These proteins have
dissociation constants for folate below 1 nM and exhibit in
creased binding of folie acid relative to binding of reduced folate
compounds (43, 50). The process of receptor-coupled trans-
membrane transport uses an uncoated pit pathway that is
apparently independent of the clathrin-coated pit endocytotic
machinery (51). The folate-binding protein appears to recycle
to the surface of the cell after delivery of folate to the cytoplasm
is complete (28).

The cause for increased expression of folate-binding protein
on the surface of ovarian carcinomas is not clear. The microen-
vironment of these tumors may be folate deficient, leading to
up-regulation of the gene(s) encoding folate-binding protein. It
has been demonstrated that uptake of 5-methyltetrahydrofolic
acid by tissue culture cells is increased more than 10-fold in
medium containing low amounts of folate (52). This is probably
due to the maximal expression of folate-binding protein which
occurs on the surface of folate-depleted tissue culture cells (40).

Alternatively, the increased expression of folate-binding protein
on ovarian carcinoma cells could be a phenotype associated
with rapidly growing cells; however, it is not clear why such a
phenotype would be specific for ovarian carcinomas. Finally,
increased folate-binding protein expression could be due to a
genomic rearrangement near the folate-binding protein locus.

Results presented in the companion paper (42) indicate no
evidence of consistent amplification or rearrangement of the
FBP locus in 10 cell lines with detectable hFBP on their cell
surface; however, rearrangements were evident in the hFBP
locus of the HeLa and PE/01 cell lines. The authors suggest
that the regions rearranged in these cell lines might contain
regulatory elements. Rearrangements or mutations not detect
able at the level of Southern analysis may be present in the
hFBP locus of the cell lines that were negative for gross alter
ations. Dissection of the hFBP locus and the role played by the
alternate messages may reveal information about the increase
of hFBP on the surface of ovarian carcinoma cells. In addition,
it may be important to determine whether the hFBP expressed
by these cells is functionally or structurally altered.

The identification of the CA-MCM8 antigen as a hFBP
represents one of the first cases of a functional assignment
being made to a tumor-associated antigen identified by mono
clonal antibodies. Folate-binding protein is intimately involved
in cellular metabolism, and its increased expression on ovarian
carcinomas raises intriguing questions about altered metabo
lism in these tumor cells. The results reported here indicate
that the target for immunotherapy using the MOvlS and
MOvl9 antibodies is hFBP and, in addition, that the use of
other therapies for ovarian carcinoma may be appropriate.
Although cisplatin-based combination protocols have sup
planted other treatment methods for advanced ovarian cancer
patients, anti-folate therapy with methotrexate has been used
in the past with some success (53). The increased expression of
hFBP on ovarian carcinoma cells indicates that treatment pro
tocols that include anti-folate drugs might be reexplored.
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