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Secreted protein acidic and rich in cysteine (SPARC) is
an extracellular Ca2�-binding matricellular glycopro-
tein that associates with cell populations undergoing
migration, morphogenesis, and differentiation. Stud-
ies on endothelial cells have established that its prin-
cipal functions in vitro are counteradhesion and an-
tiproliferation. The mechanism(s) underlying these
antitumor effects is unknown. In this study, we
showed that SPARC expression in ovarian cancer cells
is inversely correlated with the degree of malignancy.
The immunohistochemical data presented here con-
firmed the importance of diminished SPARC expres-
sion in ovarian cancer development. Treating human
ovarian surface epithelial cells and ovarian cancer
cells with SPARC revealed that as SPARC inhibits the
proliferation of both normal and cancer cells, it in-
duces apoptosis only in cancer cells. This observation
indicates that down-regulation of SPARC is essential
for ovarian carcinogenesis as cancer cells become
sensitized to the apoptotic activity of SPARC during
malignant transformation. We also showed here the
first direct evidence that putative SPARC receptors are
present on ovarian epithelial cells. Their levels are
higher in human ovarian surface epithelial cells than
cancer cells. Binding of SPARC to its receptor is likely
to trigger tissue-specific signaling pathways that me-
diate its tumor suppressing functions. Decrease in
ligand-receptor interaction by the down-regulation of
SPARC and/or its receptor is essential for ovarian
carcinogenesis. (Am J Pathol 2001, 159:609–622)

Ovarian carcinoma is the major cause of death among all
gynecological malignancies. It is the seventh most com-
mon cancer in women worldwide and is the fourth leading
cause of death from cancer among American women,
following lung, breast, and colorectal cancers.1 The over-
all 5-year survival rate is only �30%.2 More than 90% of
human ovarian cancers are thought to arise from the

ovarian surface epithelium, which shares the same de-
velopmental origin (coelomic epithelium) with the general
pelvic and abdominal peritoneum. Ovarian carcinogene-
sis is a multistep process involving multiple genetic
changes. Although several oncogenes (eg, c-ErbB1,
HER-2/neu, c-fms, K-ras) and tumor suppressor genes
(eg, BRCA1, p53, DOC-2) have been implicated to be
involved in ovarian tumor formation,3 the pathogenic
mechanisms by which normal ovarian epithelial cells be-
come malignant remain poorly understood.

SPARC (secreted protein acidic and rich in cysteine),
also termed osteonectin, BM-40, and 43K protein, is a
calcium-binding matricellular glycoprotein that displays a
high degree of interspecies sequence conservation.4–8

This consistency indicates that SPARC performs a basic
and important function in animal tissues. Localization by
immunohistochemistry and in situ hybridization have
demonstrated that SPARC is spatially and temporally
regulated during development. It is transiently expressed
in derivatives of the three primitive germ layers in mouse
embryos.9,10 High levels of SPARC mRNA and protein
have been found in developing bones and teeth, princi-
pally osteoblasts, odontoblasts, perichondrial fibroblasts,
and differentiating chondrocytes in murine, bovine, and
human embryos.11 SPARC also plays important roles in
cell-matrix interactions during tissue remodeling, wound
repair, morphogenesis, cellular differentiation, cell migra-
tion, and angiogenesis.12

In fetal and newborn ovaries, highest SPARC expres-
sion has been found in granulosa cell precursors and the
early stages of oocytes. In the ovaries of 2-week-old
immature female mice, the thecal cells around develop-
ing follicles showed the highest levels of SPARC expres-
sion, whereas low levels are detected in follicular cells
and oocytes. In ovaries of pregnant females, the thecal
expression is maintained, whereas high levels of SPARC
are also seen throughout the corpora lutea.11,13 As for
adult human ovary, SPARC is expressed at high levels in
ovarian surface epithelium14 and in the fibrous stroma
associated with ovarian carcinomas.15–17
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Although SPARC is associated with the extracellular
matrix, it does not support cell attachment in vitro.18 Ex-
ogenous SPARC has been shown to induce cell rounding
and to inhibit endothelial cells, smooth muscle cells, and
fibroblasts from spreading on collagen-coated surface.19

SPARC also disrupts focal adhesions and alters the dis-
tribution of cytoskeletal elements and permeability of en-
dothelial cells.20 It has been proposed that SPARC inter-
acts with cell surface protein(s) to facilitate changes in
cell shape and cell migration.19,21 Apart from these coun-
teradhesive activities, SPARC also inhibits proliferation of
endothelial cells.22,23 Recent studies have suggested
that the counteradhesive effect of SPARC on endothelial
cells is mediated through a tyrosine phosphorylation-
dependent pathway, whereas its antiproliferative function
is dependent on signal transduction via a G-protein-cou-
pled receptor.24 Nevertheless, neither the SPARC recep-
tor nor the intracellular signaling events that it triggered
have been characterized.

Our earlier study demonstrated that SPARC is down-
regulated in ovarian carcinoma cells.25 Restoring SPARC
expression in stable transfectants of ovarian cancer cells
leads to reduced growth and tumorigenicity.14 To inves-
tigate the unknown mechanism(s) underlying the antitu-
mor activities of SPARC, we have treated normal ovarian
epithelial cells and ovarian cancer cells with exogenous
SPARC and studied their growth and induction of apo-
ptosis. We have also examined the presence of putative
SPARC receptors on ovarian cell surfaces.

Materials and Methods

Human Ovarian Specimens

A total of 12 cases of benign epithelial ovarian tumors, 16
cases of borderline epithelial ovarian tumors, and 58
cases of malignant ovarian carcinomas were studied.
These patients were diagnosed and treated for ovarian
tumors at Brigham and Women’s Hospital, Boston, MA.
Patient’s consent was obtained before the collection of
surgical materials. All tissues were fixed in 10% buffered
formalin and embedded in paraffin blocks. The his-
topathological diagnosis was confirmed by two gyneco-
logical pathologists at Brigham and Women’s Hospital
and Massachusetts General Hospital. The tumors were
classified and graded according to the International Fed-
eration of Gynecology and Obstetrics (FIGO, 1987) cri-
teria for ovarian tumors. Among those malignant ovarian
carcinomas, 21 cases are grade 1; 13 cases are grade 2;
and 24 cases are grade 3. Twenty-five normal ovarian
tissue samples obtained from patients with other nonneo-
plastic gynecological diseases were also included in this
study for comparison.

Immunohistochemical Staining of SPARC
Protein

SPARC was detected on paraffin-embedded tissue sec-
tions by the avidin-biotin peroxidase complex (ABC)
method using a rabbit polyclonal antibody, LF-54, which

was kindly provided by Dr. Larry W. Fisher at the National
Institutes of Health (Bone Research Branch), Bethesda,
MD. For comparison, some of the specimens were immu-
nostained using a mouse monoclonal antibody gener-
ated against the N-terminal region of SPARC (AON-5031;
Hematologic Technologies Inc., Essex Junction, VT).
Seven-�m-thick tissue sections on gelatin-coated slides
were baked at 60°C for more than 2 hours and were
deparaffinized in xylene and rehydrated in graded etha-
nol. For antigen unmasking, sections were immersed in
antigen unmasking solution (Vector Laboratories, Inc.,
Burlingame, CA) and boiled in microwave oven for 10
minutes. Antigen retrieval was done only for procedures
using the monoclonal antibody AON-5031. The tissue
sections were then washed in phosphate-buffered saline
(PBS) for 15 minutes and the endogenous peroxidase
activity was blocked by soaking the sections in 0.3%
hydrogen peroxide in methanol for 15 minutes. After
washing in PBS for 15 minutes, the nonspecific serum
binding sites were blocked by incubating the sections in
normal goat or horse serum (1:20, Vector Laboratories).
Excess serum was then removed and the tissue sections
were incubated overnight with LF-54 at a dilution of 1:200
or AON-5031 at 1 �g/ml. After washing the slides in PBS
for 30 minutes, the sections were incubated with biotin-
ylated goat anti-rabbit antibody or horse anti-mouse an-
tibody (1:200) for 45 minutes, followed by a 15-minute
washing in PBS. For the negative control, PBS instead of
the goat or horse antibody was used in the incubation.
The sections were subsequently incubated with ABC re-
agent [ABC reagent contains reagent A (avidin DH) and
reagent B (biotinylated horseradish peroxidase H)] for 30
minutes. After washing the tissue sections with Tris buffer
for 15 minutes, color was developed by incubating the
sections in peroxidase substrate solution (3,3�-diamino-
benzidine tetrahydrochloride) for 30 seconds. Finally, the
sections were counterstained with hematoxylin, dehy-
drated, and mounted. The specificity of staining was
confirmed by preabsorbing the antibody with purified
SPARC protein (Hematologic Technologies Inc.) at 37°C
for 2 hours before applying to the sections (1 �g protein
per 1 �g IgG).

Semiquantitative Evaluation of Immunoreactivity

The tissue sections immunostained with anti-SPARC an-
tibody were examined by two independent observers
unaware of the clinical data. At least five sections were
randomly chosen from each specimen for scoring. The
intensity of immunoreactivity was graded by a 12-point
weighted score that was computed by multiplying the
intensity score with the percentage of positive cells score
on a section. The intensity score was denoted by a semi-
quantitative scale: 1, low; 2, medium; and 3, high-staining
intensity. The percentage of positive cells score was
estimated by the average number of positive cells out of
the total number of epithelial cells seen on a section: 0, no
positive cells; 1, 1 to 25%; 2, 26 to 50%; 3, 51 to 75% and
4, �75% of positive cells. Therefore, the weighted scores
that range from 0 to 12 represent both the intensity and the
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percentage of immunopositive cells. The data obtained
were analyzed by one-tailed one-sample t-test. The staining
of a tumor sample is considered as significantly different
from that of normal ovaries when P � 0.05.

Cell Cultures

The primary human mesothelial (MESO) and ovarian sur-
face epithelial (HOSE) cell cultures were established as
previously described.26 The immortalized HOSE cell line
HOSE1-15 was obtained by infecting HOSE cells with a
replication-defective retroviral construct, LXSN16E6E7,
and positive clones were selected using 0.3 mg/ml G418
for 10 days as described.26 The ovarian carcinoma cell
line SKOV3 was purchased from ATCC (Rockville, MD),
and all of the other ovarian cancer cell lines used in this
study were either established in our laboratory or ob-
tained elsewhere. They were cultured in Medium 199 and
MCDB 105 (1:1) supplemented with 10% fetal bovine
serum (GIBCO BRL, Rockville, MD).

SPARC Secretion Assay

Secretion of SPARC into culture medium was studied
using a primary culture of normal ovarian epithelial cells
(HOSE713), an immortalized ovarian surface epithelial
cell line (HOSE1-15), and four ovarian carcinoma cell
lines (SKOV3, OVCA420, OVCA429, and DOV13). A total
of 5 � 104 cells from each cell line were seeded into
separate 25-cm2 tissue culture flasks containing 5 ml of
culture medium. Culture medium alone in a flask was also
set up as control. After 4 days, the culture medium from
each cell line was collected and the cells were counted.
The culture medium (2 ml) from each cell line was loaded
in separate Centricon-100 centrifugal concentrators and
spun in a Sorvall RC-5B refrigerated centrifuge at 2600
rpm for 30 minutes at room temperature. The filtrate from
each vial was then collected and loaded in a Centri-
con-10 concentrator and spun at 5700 rpm for 1 hour at
room temperature. After spinning, the retentate was col-
lected and the protein concentration of each sample was
determined by the Micro BCA protein assay kit (Pierce,
Rockford, IL). To determine the amount of secreted
SPARC for each cell line, we also spiked serum-free
culture medium with 1, 5, 10, or 25 �g of purified human
platelet SPARC proteins (Hematologic Technologies
Inc.), and they were concentrated from the medium the
same way as described for the cell lines. Western blotting
was performed and the SPARC signal intensity was quan-
tified by densitometric analysis.

Western Blot Analysis

Protein samples (25 �g) were mixed with equal volumes
of 2� sodium dodecyl sulfate (SDS) sample buffer (125
mmol/L Tris, 2.2 mol/L glycerol, 1.42 mol/L �-mercapto-
ethanol, 160 mmol/L SDS, 10 mg/L bromophenol blue,
pH 6.8), boiled for 10 minutes, and resolved by SDS-
polyacrylamide gel electrophoresis (10%). They were
then transferred to polyvinylidene difluoride membrane

(NEN, Boston, MA) and incubated overnight at 4°C in
TBST (10 mmol/L Tris, pH 7.5, 100 mmol/L NaCl, 0.1%
Tween-20) containing 5% nonfat dry milk. After washing
with TBST, the membrane was incubated in 5% milk
containing 2 �g/ml of the monoclonal anti-SPARC anti-
body AON-5031 (Hematologic Technologies Inc.) at
room temperature for 1 hour. The membrane was then
washed six times with TBST, each for 5 minutes, and
incubated at room temperature with horseradish peroxi-
dase-conjugated donkey anti-mouse IgG (Amersham,
Piscataway, NJ) for 1 hour. After washing with TBST,
signals were visualized using SuperSignal West Pico
chemiluminescent substrate (Pierce).

Growth Kinetics

Cell proliferation was studied using MTT assays and
BrdU incorporation enzyme-linked immunosorbent assay
(ELISA) (Roche Molecular Biochemicals, Indianapolis,
IN). MTT assay is based on the conversion of MTT (a
tetrazolium salt) by viable cells into a violet formazan dye
that can be quantified by measuring absorbance at 550
nm. HOSE 1-15 or SKOV3 cells (1 � 104/well) were
seeded in a 96-well plate in 0.1 ml of culture medium
supplemented with different amounts of SPARC. After 72
hours, MTT-labeling reagent was added to 0.5 mg/ml and
the cells were incubated at 37°C for another 4 hours. The
cells were then lysed by adding 0.1 ml of solubilization
solution (10% SDS in 0.01 mol/L hydrochloric acid). After
an overnight incubation at 37°C, absorbance at 550 nm
(with a reference wavelength of 655 nm) was determined
using a Benchmark microplate reader (Bio-Rad, Her-
cules, CA).

For BrdU ELISA, SKOV3 cells, or HOSE1-15 cells (5 �
103 cells/well) were treated for 96 hours at 37°C with
different concentrations of exogenous SPARC in a 96-
well plate. After incubation, the cells were labeled at 37°C
with the pyrimidine analogue BrdU (10 �mol/L) for 6
hours. DNA synthesis was monitored based on the incor-
poration of BrdU into DNA, which was detected by im-
munoassay according to the manufacturer’s instruction.
Cellular proliferation was determined by measuring ab-
sorbance at 370 nm (reference wavelength 490 nm).

Analysis of Apoptosis

Induction of apoptosis in SKOV3 cells and HOSE1-15
cells after exogenous SPARC treatment was examined
using in situ cell death detection [terminal dUTP nick-end
labeling (TUNEL)] assay and cell death detection ELISA
(Roche Molecular Biochemicals). SKOV3 cells or
HOSE1-15 cells (1 � 104 cells/well) were treated with
different concentrations of SPARC (0.5 to 20 �g/ml) for 48
hours at 37°C in 8-well chamber slides or 96-well plates.
In the TUNEL assay, SPARC-treated or untreated SKOV3
cells on a chamber slide were fixed with 4% paraformal-
dehyde at room temperature for 30 minutes, and the cells
were permeabilized with 0.1% Triton X-100 (in 0.1% so-
dium citrate) solution for 3 minutes at 4°C. DNA strand
breaks induced by apoptosis were detected by the in-
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corporation of fluorescein-labeled nucleotides to free
3�-OH DNA ends using terminal deoxynucleotidyl trans-
ferase. The number and the staining intensity of the ap-
optotic cells indicate the extent of apoptotic induction.
SKOV3 cells were also stained with DAPI (0.5 �g/ml) for
5 to 10 minutes at room temperature. The early apoptotic
cells and DAPI-stained cells were seen under fluores-
cence microscope.

Cell death ELISA was performed according to the
manufacturer’s protocol. Briefly, SPARC-treated or un-
treated SKOV3 and HOSE1-15 cells were lysed in 200 �l
of lysis buffer at room temperature for 30 minutes. The
supernatant collected after centrifugation was transferred
to a streptavidin-coated microtiter plate. After 2 hours of
incubation at room temperature with the immunoreagent
mix, the bound mono- and oligonucleosomes on the mi-
crotiter plate were washed three times with incubation
buffer. After the washes, 100 �l of substrate solution was
added to each well. Absorbance at 405 nm (reference
wavelength 490 nm) was determined after 10 to 20 min-
utes of incubation with shaking at room temperature.

Receptor Binding Assay

To prepare the SPARC-AP fusion protein used in the
receptor binding assay, cDNA encoding SPARC was
polymerase chain reaction-amplified from a SPARC ex-
pression vector14 using T7 primer and a SPARC-coding
region reverse primer that contains a BglII restriction site
(5�-GAA GAT CTT CCG ATC ACA AGA TCC TTG-3�). The
amplified DNA fragment was digested with HindIII and
BglII, which was subsequently inserted in-frame up-
stream of the coding sequence of a thermostable human
placental alkaline phosphatase (AP) in the expression
vector pAPtag-2 (GenHunter Corp., Nashville, TN). This
SPARC-AP construct was co-transfected with the pTK-
Hyg plasmid, which contains the hygromycin B resis-
tance gene, into 293T cells. After hygromycin B selection
(0.2 mg/ml), stable transfectants that secrete high levels
of SPARC-AP proteins were selected and grown to con-
fluence. After 3 days, the culture medium containing the
secreted proteins were collected and filtered. As a neg-
ative control, AP proteins were similarly prepared from a
293T/pAPtag-4 stable cell line that secretes AP alone
(GenHunter Corp.). The secreted proteins in culture me-
dium were used in the receptor-binding assay described
below.

In receptor-binding assays, ovarian cancer cells and
HOSE cells were grown to �80% confluent in 60-mm
culture dishes. They were rinsed once with HBHA buffer
(Hanks’ balanced salt solution with 0.5 mg/ml bovine
serum albumin and 20 mmol/L HEPES, pH 7.0) and in-
cubated with SPARC-AP or AP proteins (as negative
control) at room temperature for 90 minutes. After six
washes with HBHA buffer for 10 minutes, the cells were
lysed and the endogenous alkaline-phosphatase activi-
ties in the lysates were heat-inactivated at 65°C for 20
minutes. AP activities were determined by using an AP
assay reagent containing p-nitrophenyl phosphate. In-
creases in AP activities, and hence ligand-receptor bind-

ing, were indicated by the increases in absorbance at
405 nm.

Results

SPARC Expression is Down-Regulated in
Ovarian Cancer

Using Northern and Western blotting, we have previously
shown that SPARC is highly expressed in HOSE cells. Its
expression is reduced in ovarian cancer cell lines and
tissues.14 Recent studies examining the immunoreactivity
of SPARC in ovarian tumor tissues revealed different
patterns of SPARC expression.15–17 To investigate the
inconsistent pattern of SPARC deregulation in ovarian
cancers, we have performed immunostaining for SPARC
protein using a polyclonal SPARC antibody LF-54 on 111
paraffin-embedded ovarian tissue samples. Consistent
with our RNA and protein data,14 strong immunoreactivity
with a high mean weighted score of 11.5 � 1.3 was found
in the surface epithelial cells of all of the 25 normal
ovaries examined (Table 1). Positive staining appeared
as dark brown granules spreading throughout their cyto-
plasm (Figure 1a). No staining was observed in the stro-
mal cells. Strong immunoreactivity, as indicated by the
high mean weighted score (10.8 � 2.4, Table 1), was also
detected in all of the benign tumors studied. The staining
pattern is similar to that of the normal ovaries, in which
most of the surface epithelial cells were positively stained
(Figure 1b).

A reduction of immunoreactivity was seen in the cyto-
plasm of borderline and invasive serous carcinoma cells.
In all of the borderline cases examined, �50% of the
surface epithelial cells were stained positive (Figure 1c).
The cytoplasmic staining appeared light brown, and the
intensity was weaker than that of normal ovaries and
benign tumors (compare Figure 1; a, b, and c). Although
positive cells were detected in all of the borderline tumors
examined, they showed a significantly lower (P � 0.05)
mean weighted score (5.8 � 0.5, Table 1). Grade I and
grade II invasive ovarian tumors also showed significantly
decreased staining with mean weighted scores of 3.7 �

Table 1. Weighted Scores for the Immunohistochemical
Staining of SPARC in Ovarian Tissues*

Ovarian
tissues

Sample
number

Mean weighted
score†

Specimens with
positive

staining, %

Normal 25 11.5 � 1.3 100
Benign 12 10.8 � 2.4 100
Borderline 16 5.8 � 0.5* 100
Invasive

Grade I 21 3.7 � 2.2* 100
Grade II 13 1.3 � 1.6* 85
Grade III 24 0.9 � 0.1* 87

*Weighted scores ranging from 0 to 12 represent both the intensity
of the immunostaining and the percentage of positive cells.

†Values are given as means � SEM. Asterisks behind the values
denote P � 0.05 as determined by one-tailed t-test. These values are
significantly different from the mean value obtained from the staining of
normal ovaries.
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Figure 1. Immunohistochemical analysis and localization of SPARC expression in normal ovary and ovarian tumors. Photomicrographs are taken from sections
of normal ovary (a), serous benign ovarian adenoma (b), borderline ovarian tumor (c), and grade III serous ovarian carcinoma (d, e, and f). All sections were
stained with a rabbit polyclonal antibody specific to SPARC. Immunoreactive cells, which are stained brown in the cytoplasm, are found in the epithelium (E) of
normal ovary, benign ovarian adenoma, and borderline ovarian tumor (a, b, and c). No staining is observed in the underlying stroma (S) of these tissue samples.
In grade III serous ovarian carcinoma (d), immunoreactivity is significantly reduced in which only a few scattered cancer cells are stained brown (arrows). e:
In contrast to normal ovary, benign and borderline ovarian tumors, scattered positively stained cells (arrowheads) can be found in the stroma (S) of ovarian
cancer adjacent to the tumor (T). Endothelial cells in ovarian carcinoma also show occasional positivity to SPARC staining (arrowheads; f). Scale bars, 50 �m.

SPARC Induces Apoptosis 613
AJP August 2001, Vol. 159, No. 2



2.2 and 1.3 � 1.6, respectively (P � 0.05, Table 1).
Positively stained epithelial cells were scattered and only
occasionally found (data not shown). Two (15%) of the 13
grade II carcinomas examined did not show any positive
epithelial cells. The lowest mean weighted score (0.9 �
0.1, Table 1) was found in grade III invasive tumors. Light
brown cytoplasmic staining was only found in scattered
positive epithelial cells (Figure 1d). No stained cells were
seen in 13% (3 of 24) of the grade III invasive tumors
examined. In addition to the normal and cancerous ovar-
ian epithelial cells, we also observed low levels of immu-
noreactivity in scattered stromal cells (Figure 1e) and
endothelial cells (Figure 1f) of high-grade carcinomas.
No signal was seen when the SPARC antibody was incu-
bated with purified blood platelet SPARC protein before
applying to the tissue sections, indicating that the immu-
nostainings observed are specific to SPARC.

As different results were reported using the monoclo-
nal antibody AON-5031 for immunohistochemical studies
of paraffin-embedded ovarian cancer tissues,15,17 we
have also immunostained some of the paraffin sections to

investigate whether similar observation can be obtained
using this antibody. Because using high concentrations
(�5.4 �g/ml) of AON-5031 for immunostaining have been
reported to result in ubiquitous staining throughout the
ovary,17 we used a lower concentration (1 �g/ml) of the
antibody in this study. Inconsistent with our results ob-
tained from Northern blotting, Western blotting, and im-
munostaining, not much positive staining was detected in
the surface epithelial cells. However, we found strong
immunoreactivity in the stroma underlying the surface
epithelium of normal ovary (Figure 2a). On antigen re-
trieval, the stromal signal was intensified, but the HOSE
cells were still faintly stained (Figure 2b). As for ovarian
cancer samples, strong immunoreactivity was seen in
scattered stromal cells. Although a few epithelial cells
were occasionally stained, no immunostaining was evi-
dent in the vast majority of cancer cells (Figure 2, c and
d). No difference in staining pattern was found in the
cancer tissue sections with or without antigen unmasking.
We also did not find noticeable difference in staining
when 0.5 �g/ml of the antibody was used.

Figure 2. Localization of SPARC immunoreactivity in normal ovary (a and b) and ovarian cancer (c and d) using the monoclonal antibody AON-5031. a: Very
weak staining was observed in the normal ovarian epithelium (E). In contrast, cells in the underlying stroma (S) showed strong SPARC immunoreactivity. b: The
staining of stromal cells was intensified after heating with antigen-unmasking solution. However, the normal ovarian epithelial cells remain faintly stained. c:
Positive staining was seen in a few cancer cells and some scattered stromal cells (arrows). No immunoreactivity was evident in the vast majority of cancer cells.
d: Stromal cells (arrows) showed strong SPARC staining after antigen retrieval, whereas cancer cells remain unstained. Scale bars, 50 �m (a and b); 100 �m (c
and d).
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Decreased SPARC Secretion in Ovarian
Cancers

Because SPARC is a secreted protein, it may affect ovar-
ian cancer growth in an autocrine and/or paracrine man-
ner. Before we analyzed the levels of SPARC secretion in
normal and malignant ovarian cell lines, we first con-
firmed our earlier findings by Western blot analysis show-
ing that SPARC expression is greatly reduced in ovarian
cancer. As normal mesothelial and HOSE cells express
high levels of SPARC, it was not detected in the cell
lysates of most of the cancer cell lines. Among them,
DOV13 has the highest SPARC expression level, followed
by CAOV3 and OVCA429 (Figure 3). Based on the ex-
pression pattern, we anticipate that SPARC is secreted at
higher levels in normal ovarian epithelial cells than in
ovarian cancer cells. Confirming and estimating the lev-
els of SPARC secretion by normal and malignant ovarian
cells are important for validating our subsequent experi-
ments in which the cells were treated with exogenous
SPARC.

Culture media from separate cultures of HOSE cells or
ovarian cancer cells were collected and concentrated.
Equivalent amounts of proteins were run on polyacryl-
amide gels and analyzed by Western blotting. We found
that the culture medium containing 10% fetal bovine se-
rum has �24.4 ng/ml of the 43-kd SPARC protein (Figure
4). As expected, high levels of SPARC secretion were
seen for primary cell culture HOSE713 (5220 ng/ml) and
immortalized HOSE1-15 cells (2600 ng/ml). Significantly
reduced levels of secreted SPARC were detected for
ovarian cancer cell lines SKOV3 (38.6 ng/ml), OVCA420
(15.3 ng/ml), and OVCA429 (149 ng/ml). Although still
much lower than that of HOSE cells, DOV13 has the
highest level of SPARC secretion (681.7 ng/ml). The
amounts of SPARC secreted by the cell cultures directly
correlate with their SPARC expression levels as detected
by Western blot analysis of their total cell lysates (com-
pare Figure 3 and 4).

Exogenous SPARC Inhibits the Proliferation of
Ovarian Cancer Cells

To investigate the autocrine/paracrine effects of SPARC on
ovarian cell growth, we have cultured HOSE1-15 and
SKOV3 cells for 3 days in culture medium containing differ-
ent concentrations of exogenous human platelet SPARC
and monitored the amount of viable cells after incubation by
MTT assay. This result is important, as it will indicate
whether the platelet SPARC we used in this study produces
the same growth inhibitory effect as the endogenous
SPARC synthesized by HOSE cells. MTT assay showed that
the number of viable HOSE 1-15 cells decreased to �70%
of the control when SPARC was added to the culture me-
dium (Figure 5A). As for SKOV3 cells, the number of living
cells decreased to �68% of the control in the presence of 5
�g/ml of SPARC, and reduced to �54% of the control after
being treated with 20 �g/ml of SPARC (Figure 5B). These
results are consistent with the data obtained from BrdU
incorporation ELISA. In this assay, SKOV3 and HOSE cells
(5 � 103 cells/well) were incubated with different concen-
trations of SPARC in separate wells in a 96-well plate. After
incubation at 37°C for 96 hours, the cells were labeled with
the pyrimidine analogue BrdU for 6 hours. DNA synthesis
was monitored based on the incorporation of BrdU into
DNA, which is detected by immunoassay. Cellular prolifer-
ation of both HOSE cells and SKOV3 cells was reduced
when treated with increasing amounts of SPARC (Figure 6),
as indicated by the decrease in absorbance at 370 nm. The
inhibitory effect of SPARC on SKOV3 cells is obviously
greater than that on HOSE cells. Moreover, the overall BrdU
incorporation is less in HOSE cells than in SKOV3 cells,
probably because of the slower growth rate of the normal
ovarian epithelial cells. Similar antiproliferative activity of
SPARC was also observed for another two ovarian cancer
cell lines OVCA433 and DOV13 (data not shown).

SPARC Induces Apoptosis in Ovarian Cancer
Cells

Studies on transgenic and knockout mice have provided
direct evidence that the disruption of apoptotic pathways
in cells can lead to tumor development. To investigate the
mechanism(s) that drives the antitumor activities of
SPARC in ovarian cancer cells, we have examined
whether SPARC can induce apoptosis in SKOV3 and
HOSE cells. Induction of apoptosis after exogenous
SPARC treatment was examined using the in situ cell
death detection (TUNEL) assay and cell death detection
ELISA (Roche Molecular Biochemicals).

In the TUNEL assay, SKOV3 cells (1 � 104 cells/well)
were incubated with different amounts of SPARC at 37°C
in 8-well chamber slides for 48 hours. After incubation,
DNA strand breaks in the cells induced by apoptosis
were detected by labeling the free 3�-OH DNA ends with
fluorescein-labeled nucleotides using terminal deoxynu-
cleotidyl transferase. For comparison, cell nuclei were
also stained with DAPI regardless of the apoptotic status
of the cells. Signals were visualized under fluorescence

Figure 3. Western blot analysis of total protein lysates prepared from one
mesothelial cell line (MESO301), one immortalized HOSE cell line (HOSE1-
15), two primary HOSE cell cultures (HOSE10 and HOSE713), and eight
ovarian cancer cell lines. The protein lysates (25 �g) were resolved on 10%
SDS-polyacrylamide gel, transferred to polyvinylidene difluoride membrane,
and analyzed with the monoclonal anti-SPARC antibody AON-5031. Detec-
tion of �-actin signal at the bottom served as a control of the quality of the
protein lysates.
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microscope. Our results showed that untreated SKOV3
cells exhibit very low levels of spontaneous apoptosis
frequently observed in cultured cells, which are barely
visible in the figure (Figure 7A). When they were treated
with 1 �g/ml of blood platelet SPARC, more apoptosis
was detected (Figure 7C). Increased amounts of DNA
strand breaks after treating SKOV3 cells with 5 �g/ml of
SPARC were indicated by the increase in number and
labeling intensity of the nuclei (Figure 7E). Cell nuclei
stained with DAPI were detected as blue dots in all as-
says (Figure 7; B, D, and F). To clearly demonstrate the
apoptotic effects of SPARC, we have selected areas on
the slides in which more apoptotic cells were congre-
gated. The estimated numbers of apoptotic SKOV3 cells
detected after treating with SPARC were �50 to 60% of
the entire cell population examined. Our results showed
that SPARC induces apoptosis in ovarian cancer cells.

To determine the apoptotic effects of SPARC on HOSE
cells, cell death detection ELISA was used as a sensitive
and quantitative assay for detecting DNA fragmentation.

SKOV3 cells were also analyzed for comparison. In this
assay, SPARC-treated or -untreated cells were lysed after
incubation and the lysates were assayed for cytoplasmic
histone-associated DNA fragments (mono- and oligonu-
cleosomes). Increase in DNA fragmentation is indicated
by the increase in absorbance at 405 nm. Consistent with
the results obtained from TUNEL assays, SKOV3 cells
showed increase in DNA fragmentation when treated with
increasing amounts of SPARC (Figure 8B). When treated
with 1 �g/ml of SPARC, a level much higher than that
secreted by ovarian cancer cells (see Figure 4), SKOV3
cells showed a significant increase in DNA fragmentation
when compared to the untreated control. In the presence
of 5 �g/ml of SPARC, a concentration close to the normal
range of SPARC secretion by primary HOSE cells (see
Figure 4), DNA fragmentation is six times more than that
of the control (Figure 8B). On the contrary, no significant
increase in DNA fragmentation was seen when
HOSE1-15 cells were treated with increasing amounts of
SPARC (Figure 8A). No apoptotic effect was observed
even after HOSE cells had been incubated with 20 �g/ml
of SPARC (Figure 8A), which is much higher than their
normal amounts of SPARC secretion (see Figure 4). Var-
ious extents of SPARC-induced apoptosis were also de-
tected in four other ovarian cancer cell lines DOV13,
OVCA3, OVCA420, and OVCA429 (data not shown).

SPARC Binds to Normal and Cancerous
Ovarian Cell Surface

The antiproliferative effects of SPARC on bovine aortic
endothelial cells have been suggested to depend, in
part, on signal transduction via a G protein-coupled re-

Figure 4. Western blot analysis of SPARC in the culture medium of normal
HOSE cells and ovarian cancer cells. Culture medium was collected and
concentrated from separate cultures of a primary HOSE cell culture
(HOSE713), an immortalized HOSE cell line (HOSE1-15), and four ovarian
cancer cell lines (SKOV3, DOV13, OVCA420, and OVCA429). For quantifi-
cation, culture medium alone (control) and culture medium spiked with
different amounts of SPARC (1 �g/ml, 5 �g/ml, 10 �g/ml, and 25 �g/ml)
were also included. The estimated concentrations of SPARC in the culture
medium of the various cell cultures are indicated at the bottom of the
respective lanes. A: Shorter exposure to show the signals obtained from
purified human blood platelet SPARC spiked into culture medium. B: Longer
exposure to show the signals detected from the culture media of ovarian
cancer cells.

Figure 5. Exogenous SPARC inhibits the growth of HOSE1-15 and SKOV3
cells. Growth of the normal ovarian epithelial cell line HOSE1-15 (A) and the
ovarian cancer cell line SKOV3 (B) treated with different concentrations of
human blood platelet SPARC protein was monitored by MTT assay.
HOSE1-15 or SKOV3 cells were labeled with MTT after being treated with
SPARC for 72 hours. They were then lysed and absorbance at 550 nm was
measured. The decrease in absorbance with increasing concentrations of
SPARC indicates that SPARC inhibits cell growth. This experiment was re-
peated three times with comparable results. The numbers shown represent
the values from four wells in a representative experiment. Scale bars, SEM.

Figure 6. Antiproliferative effects of SPARC on SKOV3 and HOSE cells.
Incorporation of BrdU into the DNA of SKOV3 and HOSE1-15 cells after
incubation with SPARC for 96 hours was detected by immunoassay. The
reaction product, which directly correlates to the amount of DNA synthesis,
was quantified by measuring absorbance at 370 nm. Reduction in cellular
proliferation of both SKOV3 and HOSE cells after treatment with increasing
amounts of SPARC is indicated by the decrease in absorbance at 370 nm
(reference wavelength at 490 nm). The values shown are the means � SEM
(bars) of four measurements from one representative experiment. Filled
circles, SKOV3 cells; open circles, HOSE1-15 cells.
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ceptor.24 Together with the results we obtained from the
treatment of HOSE and ovarian cancer cells with exoge-
nous human blood platelet SPARC, we sought to find out

whether the antiproliferative and apoptotic effects of
SPARC on ovarian cells are also mediated through a cell
surface receptor.

Figure 7. Detection of apoptotic ovarian cancer cells by TUNEL assay. SKOV3 cells seeded in chamber slides were treated with different concentrations of human
blood platelet SPARC proteins for 48 hours (A and B, untreated; C and D, 1 �g/ml; E and F, 5 �g/ml). After incubation, TUNEL assays were performed (A, C,
and E). To visualize the cell nuclei regardless of apoptosis, SKOV3 cells were also stained by DAPI (0.5 �g/ml) at room temperature for 10 minutes (B, D, and
F). Early apoptotic cells and DAPI-stained cells were detected by fluorescence microscopy. DAPI-stained cell nuclei were seen as blue dots whereas the nuclei
of apoptotic cells were stained green. There is a significant increase in the number and staining intensity of apoptotic cell nuclei when SKOV3 cells were treated
with increasing amounts of SPARC, indicating more DNA strand breaks.
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To examine whether putative SPARC receptors are
present on ovarian cells, a secretory fusion protein con-
taining full-length human SPARC and a thermostable
human placental AP was made using a human embry-
onic kidney cell line (293T). As a negative control,
culture medium containing high levels of secreted AP
protein was also prepared from a 293T/pAPtag-4 sta-
ble cell line. Receptor binding assays using AP and
SPARC-AP proteins revealed that putative SPARC re-
ceptors are present on both HOSE cells and ovarian
cancer cells (Figure 9). The AP activities detected
when the cells were incubated with the control AP
protein are probably because of nonspecific binding of
AP to cell surfaces and/or incomplete denaturation of
the endogenous AP activities in the cells. Our results
showed that in addition to the higher levels of SPARC
expression, HOSE cells also have much more putative
SPARC receptors on their cell surfaces (Figure 9).

Discussion

Using arbitrarily designed primers to generate differential
RNA fingerprints from normal HOSE and ovarian carci-
noma cells, we previously showed that SPARC is down-
regulated in ovarian cancer.25 Stable transfectants of
ovarian cancer cells expressing high levels of SPARC
grow slower and have greatly reduced ability to induce
tumor formation in nude mice.14 Nevertheless, the under-
lying mechanism(s) of these tumor-suppressing activities
of SPARC is still unknown. Recent studies examining the
immunoreactivity of SPARC in ovarian cancer tissues
showed increased SPARC expression in ovarian can-
cer,15,17 which are different from our earlier finding. To
investigate this inconsistent pattern of SPARC deregula-
tion in ovarian cancer, we studied a large number of
ovarian tumor tissues of different grades and stages by
immunohistochemistry using a rabbit polyclonal antibody
to SPARC. This antibody, LF-54, has been tested to con-
firm its specificity and reactivity to bovine and human
SPARC.27 Our results revealed strong cytoplasmic immu-
noreactivity in the surface epithelial cells of human nor-

mal ovaries and benign epithelial tumors, which is pro-
gressively decreased in borderline epithelial tumors, and
is significantly reduced or absent in invasive ovarian
epithelial cancers. This strong direct correlation indicates
that repression of SPARC expression is important in ovar-
ian cancer development.

The strong immunoreactivity of SPARC in the germinal
epithelium of normal ovary suggests that SPARC is im-
portant in maintaining the normal functions of ovarian
surface epithelial cells. Its high expression in normal
ovarian epithelial cells has also been detected by immu-
nostaining using a monoclonal antibody, mAb SSP2,
against a Ca2�-binding region of murine SPARC.16 Al-
though SPARC was reported to be detected in 8 of 10
cases of ovarian carcinomas examined in that study,16 no
comparison of SPARC immunoreactivity of normal ovar-
ian cells to that of benign, borderline, or invasive ovarian
tumor was described. Our results presented here
showed that although SPARC can still be detected in
ovarian cancers, its expression is significantly down-reg-
ulated in high-grade ovarian cancers. The levels of ex-
pression are actually inversely correlated with the degree
of malignancy.

In contrast to our findings, a recent study reported that
SPARC can be detected in ovarian adenocarcinoma but
not in ovarian surface epithelial cells by immunostaining
using a monoclonal antibody generated against the N-
terminal region of bovine SPARC (AON-5031).17 Because
SPARC expression could not be detected in the same

Figure 8. Detection of apoptosis in SPARC-treated HOSE cells and SKOV3
cells. A quantitative ELISA that detects mono- and oligo-nucleosomes was
used to assay the whole cell lysates prepared from HOSE1-15 cells (A) and
SKOV3 cells (B) treated with different amounts of exogenous SPARC. In-
crease in apoptosis is indicated by the increase in absorbance at 405 nm
(reference wavelength 490 nm). SPARC effectively induces apoptosis in
SKOV3 cells, but not in HOSE cells. The values shown are the means � SEM
(bars) of duplicate measurements in two independent experiments.

Figure 9. Cell surface receptor binding assays of HOSE cells and ovarian
cancer cells. A secreted SPARC-AP fusion protein consists of human SPARC
and a thermostable human placental alkaline phosphatase (AP) was used to
examine the presence of putative SPARC receptors in ovarian cells. As
background control, a secretory AP protein produced by the 293T/pAPtag-4
stable cell line was also used in this assay. Cells incubated with culture
medium containing SPARC-AP or AP proteins were washed, lysed, and
assayed for AP activities. Increase in ligand binding is indicated by the
increase in AP activity, which is quantified by measuring absorbance at 405
nm. HOSE1-15 cells showed high levels of binding, whereas the three
ovarian cancer cell lines studied have less binding to the SPARC-AP fusion
protein.
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cancer tissues by in situ hybridization, the authors spec-
ulated that the SPARC found in cancer cells might be
originated from stromal cells, as stromal cells in ovarian
cancers have been shown to express SPARC (Porter et
al,16 Brown et al,17 and this study). Although this hypoth-
esis is interesting, it remains possible that the differences
in SPARC immunoreactivity observed are because of the
use of different antibodies and staining procedures. This
is well illustrated by our immunostaining results using two
different antibodies that showed distinctive patterns of
SPARC immunoreactivity in ovarian tissues (compare
Figures 1 and 2). Although the normal ovarian epithelium
was strongly stained by LF-54, it was weakly stained with
AON-5031. To the contrary, strong immunoreactivity was
seen in the stroma of normal ovaries stained with AON-
5031, but not in the sections stained with LF-54. In ovar-
ian cancers, SPARC immunostaining was evident in the
stromal cells, but rarely noted in the cancer cells with
both the antibodies. This observation for ovarian tumor
tissues agrees well with that previously reported by Paley
and colleagues.15 Based on these findings, the poly-
clonal antibody LF-54 might be more specific in human
SPARC immunostaining. The immunohistochemical data
we obtained with it are summarized in Table 1, which are
consistent with our published results from Northern and
Western blotting.14

The biological functions of SPARC seem to be variable
in human cancers. Different tumors exhibit different pat-
terns of SPARC expression. High levels of SPARC have
been detected in several human cancers including mel-
anoma,28 breast cancer,29 colorectal cancer,30 hepato-
cellular carcinoma,31 invasive meningioma,32 and pros-
tate cancer.33 Moreover, it has been reported that
SPARC promotes cell migration and invasion in prostate
cancer and glioblastoma.34,35 Suppression of SPARC ex-
pression by antisense RNA results in a significant de-
crease in the tumorigenicity of melanoma cells.36 In con-
trast, no SPARC expression was found in chondro-
sarcoma, Ewing’s sarcoma, fibrosarcoma, malignant fi-
brous histiocytoma, and brown tumor from hyperparathy-
roidism.37 Decreased SPARC expression has also been
found in ovarian cancer.14 Additional evidence showing
the tumor-suppressing activity of SPARC came from the
studies of cultured cells. Significant down-regulation of
SPARC was demonstrated in vSrc-transformed chicken
embryo fibroblasts,38 c-Jun-transformed primary rat em-
bryo fibroblasts,39 and Ha-Ras-, v-Abl-, v-Src-, or Ki-Ras-
transformed rodent fibroblasts.39–42 A recent study has
also shown that SPARC strongly inhibits the growth of
vJun-m1 and v-Src-transformed chicken embryo fibro-
blasts.42 As different tumors are probably developed
through different multistep carcinogenic pathways, these
findings suggested that SPARC might play a tissue-spe-
cific role in cancer development.

The recent characterization of another SPARC-like
counteradhesive extracellular matrix protein called
Hevin/MAST9 further demonstrates the possible tumor-
suppressing activities of matricellular proteins in human
carcinogenesis. Hevin was found to be down-regulated
in metastatic prostate adenocarcinoma and non-small
cell lung cancer.43,44 SPARC and Hevin are 62% identi-

cal in sequence and are highly homologous in the SPARC
coding region.43 Similar to SPARC, Hevin is also a se-
creted acidic cysteine-rich calcium-binding glycoprotein
and has been shown to inhibit cell attachment and
spreading.45 The importance of these SPARC-like pro-
teins in ovarian oncogenesis remains to be elucidated.

The antiproliferative activity of SPARC has been dem-
onstrated in endothelial cells. Growth of normal endothe-
lial cells is inhibited when cultured with medium condi-
tioned by endothelioma cells that secrete high levels of
SPARC.22 Exogenous SPARC has also been shown to
suppress DNA synthesis in bovine aortic endothelial cells
and human microvascular endothelial cells stimulated by
vascular endothelial growth factor.46,47 The SPARC do-
main IV that contains an EF-hand-like loop and has a
high-affinity Ca2�-binding site is sufficient for the ob-
served growth inhibitory functions.23 The antiproliferative
activity of SPARC was further illustrated by a recent study
showing that the mesangial cells, fibroblasts, and smooth
muscle cells isolated from SPARC-null mice grew faster
than their respective wild-type counterparts.48 Despite all
these findings, no direct evidence is available showing
the antiproliferative effects of SPARC on cancer cells.
Here we show that exogenous SPARC can reduce the
proliferation of both HOSE and ovarian cancer cells in a
concentration-dependent manner. As HOSE cells se-
crete high levels of SPARC, the paracrine and/or auto-
crine antiproliferative activities of SPARC may play an
important role in the precise regulation of normal HOSE
cell growth. Diminished SPARC expression in ovarian
cancer cells, together with other oncogenic factors, may
lead to uncontrolled cell growth and cancer develop-
ment.

Recent advances in basic cancer research have es-
tablished that human cancers are the results of deregu-
lation of not only the factors that control cellular prolifer-
ation and differentiation, but also those that influence
apoptosis.49 As a possible mechanism that contributes to
the antitumor activities of SPARC, we presented here
direct evidence that SPARC could induce apoptosis in
ovarian cancer cells, but not HOSE cells. HOSE cells,
which secrete high levels of SPARC, seem to have some
mechanisms that protect themselves from the apoptotic
activities of SPARC. This hypothesis is supported by a
recent study showing that apoptosis can be inhibited in
HOSE cells by the up-regulation of insulin-like growth
factor-1, as mediated by luteinizing hormone/human cho-
rionic gonadotropin signaling.50 Follicle-stimulating hor-
mone and human chorionic gonadotropin can both stim-
ulate HOSE cell proliferation, but not SKOV3 cells.51 As
both follicle-stimulating hormone and luteinizing hormone
receptors are highly expressed in HOSE cells, they were
not detected in the gonadotropin insensitive SKOV3
cells.51 A recent study has also reported that whereas
HOSE cells show consistent expression of luteinizing hor-
mone receptors, ovarian cancers exhibit a steady de-
crease in luteinizing hormone receptor expression from
low-grade to high-grade cancer.52

As the growth rates of both HOSE cells and ovarian
cancer cells were reduced by SPARC, our findings sug-
gest that distinct signal transduction pathways are used
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to mediate the antiproliferative and apoptotic effects of
SPARC. Our preliminary results showed that SPARC
could transiently trigger significant increases of intracel-
lular Ca2� levels in ovarian cancer cells, but not in HOSE
cells, indicating that the apoptotic pathway induced by
SPARC might be calcium-dependent. In addition, immu-
noblotting revealed that the expression of a pro-apoptotic
protein was induced or significantly increased in SPARC-
treated SKOV3 cells, but not HOSE cells (our unpub-
lished data). We hypothesize that although down-regula-
tion of SPARC in ovarian cancer cells may not be directly
involved in oncogenesis, it is coupled to other oncogenic
pathways that drive the development of ovarian cancer.
Repression of SPARC expression may be essential to
facilitate ovarian tumorigenesis, as cancer cells are sen-
sitized to the apoptotic effects of SPARC. This concept is
supported by the study showing that low levels of SPARC
expression in v-Jun-m1 and v-Src-transformed chicken
embryo fibroblasts favor their induction of local, primary
fibrosarcomas after being subcutaneously injected into
the wing web of chicken.42

Platinum derivatives such as cisplatin are routinely
used in the chemotherapy of ovarian epithelial cancer.
Studies of cisplatin-resistant ovarian cancer cells re-
vealed that the observed chemoresistance might be
caused by the expression of an apoptosis suppressor
protein known as X-linked inhibitor of apoptosis protein
(Xiap).53 Cisplatin induces apoptosis in cisplatin-sensi-
tive, but not cisplatin-resistant cells by decreasing Xiap
expression.54 Although it has yet to be determined, the
apoptotic effect of SPARC on SKOV3 cells is unlikely
mediated by the down-regulation of Xiap because
SKOV3 cells have null p53 mutation. It has been shown
that decreased Xiap expression could not induce apo-
ptosis in SKOV3 cells because Xiap down-regulation trig-
gers apoptosis only in ovarian cancer cells that have
wild-type p53, but not in the cells with no or mutated p53
protein.53

The antiproliferative and apoptotic effects of exoge-
nous SPARC on ovarian cancer cells indicate the pres-
ence of cell surface receptors for SPARC. This notion is
supported by the results obtained from studying the me-
diators through which exogenous SPARC exerts its coun-
teradhesive and antiproliferative effects on endothelial
cells. Pretreating endothelial cells with protein tyrosine
kinase inhibitors protected them against the inhibitory
effect of SPARC on cell spreading. Moreover, inhibition of
cell cycle progression by SPARC on these cells was
found to be reversible by treating them with inhibitors for
heterotrimeric G proteins such as pertussis toxin and
cholera toxin.24 Our preliminary data also showed that
cholera toxin (1 �g/ml) can reverse the growth inhibitory
effect of SPARC by 41.5%, indicating the involvement of
G-protein in SPARC signaling in ovarian cells (our unpub-
lished data). To date, neither the putative SPARC recep-
tor nor the intracellular signaling pathway(s) triggered by
SPARC has been identified.

Using a fusion protein containing SPARC and human
placental AP, we presented here the first direct evidence
that SPARC binds to putative SPARC receptors on the
cell surfaces of HOSE and ovarian cancer cells. This

AP-TAG technology has been used to successfully clone
the receptors for leptin and Semaphorin III.55,56 Our re-
sults showed that in addition to the down-regulation of
SPARC expression, ovarian cancer cells have lower lev-
els of SPARC receptor than HOSE cells. The binding of
SPARC to its receptor may be important for mediating its
antitumor effects. The diminished ligand-receptor inter-
action in ovarian cancer cells may explain why the growth
of ovarian cancer is not influenced by the presence of low
levels of SPARC produced by the adjacent stromal cells.
Although HOSE cells have more putative SPARC recep-
tors than ovarian cancer cells, their differential response
to SPARC is probably caused by the distinctive down-
stream signaling events triggered by the binding of
SPARC to its receptor as cancer cells have undergone
numerous genetic changes during oncogenesis.

In this study, we showed that exogenous SPARC could
reduce proliferation and induce apoptosis in ovarian can-
cer cells. Although distinct signaling pathways may me-
diate these tumor-suppressing effects, they probably are
dependent on the binding of SPARC to its cell surface
receptor. Down-regulation of SPARC and/or SPARC re-
ceptor in ovarian cancer cells will decrease and interrupt
normal SPARC ligand-receptor interaction, which in turn
affects the downstream signaling events that are impor-
tant for controlling the growth and differentiation of HOSE
cells. Interaction of SPARC and its putative receptor, in
addition to the various posttranslational modification of
SPARC, may also contribute to the tissue- and cell-spe-
cific biological functions of SPARC in different normal and
cancerous cells.
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