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Abstract: Ovarian cancer is the leading cause of gynecologic cancer-related morbidity and mortality owing to the
difficulty in detecting early-stage disease. Despite advances in surgical and chemotherapeutic strategies, only marginal
improvement in patient outcome has been achieved. Hence, understanding the biological mechanisms underlying
ovarian cancer development and progression is critical for its treatment. We reported that CD157 (also known as BST-1),
a NAD-metabolizing ectoenzyme regulating leukocyte diapedesis in inflammatory conditions, is expressed in
approximately 90% of epithelial ovarian cancers and high CD157 expression is associated with poor outcome in patients.
Our experimental results showed that CD157 controls ovarian cancer progression by promoting mesenchymal
differentiation. The increased aggressiveness associated with tumors with high CD157 can be reverted in vitro by CD157
gene silencing, or by monoclonal antibodies that block CD157. The overall picture inferred from our experimental and
clinical findings suggests that CD157 could aid diagnosis by classifying ovarian cancers into molecular subtypes with
different outcomes, CD157 could also represent a novel candidate as a target of antibody-based therapies. This review
summarizes and assesses recent research into the emerging functions of CD157 in the control of ovarian cancer
progression.
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1. INTRODUCTION

Ovarian cancer is the second most common
gynaecological cancer and the fifth leading cause of
cancer-related deaths in women [1]. Although cancer
may arise from all cell types composing the ovary, by
far the most common arise from the single-cell layer
coelomic epithelium surrounding the ovaries and from
postovulatory inclusion cysts. These tumors are
referred to as epithelial ovarian cancers (EOC) and are
quite heterogeneous in terms of grade and histology.
The anatomic location of the ovaries and the absence
of early specific symptoms make the diagnosis of
ovarian cancer very difficult. Moreover, because of the
lack of reliable screening tools, most patients are
diagnosed when the disease is at an advanced stage
and metastases are diffuse throughout the peritoneal
cavity [2].

Ovarian cancer typically spreads in a diffuse intra-
abdominal fashion and, even after recurrence, remains
mostly confined to the peritoneal cavity where it carries
out immunosuppressive activities [3]. Peritoneal
dissemination is frequently associated with formation of
peritoneal effusion fluid (ascites) and, in most cases,
represents an incurable disease [4,5].
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Despite evidence of considerable heterogeneity,
most cases of EOC are treated in a similar fashion: the
current standard care consists of radical surgery
combined  with  first-line  chemotherapy  with
carboplatinum and paclitaxel. Usually, patients respond
well to chemotherapy; however, the failure of
chemotherapy to eliminate all tumor cells remains the
principle obstacle to a curative treatment because it
leads to the development of drug-resistant tumors and
systematic disease recurrence that eventually leads to
death. This scenario highlights the need for better
therapeutic modalities supported by novel biomarkers
to indicate tailored treatments for ovarian cancer
patients. In the last decade, a synergistic effort by
researchers and clinicians has led to the identification
of a number of molecules that might provide insights
into ovarian cancer progression and facilitate
screening, diagnosis, prognosis and monitoring of anti-
cancer therapies. The list of the newly identified
markers includes several ectoenzymes, that is cell
surface enzymes whose substrates are outside the cell
and often capable of behaving both as enzymes and
receptors [6]. Ectoenzymes might provide specific
targets for antibody-based tumor therapy or for the
design of specific inhibitory molecules. The recent
clinical successes of the use of engineered antibodies
in intraperitoneal immunotherapy have established this
approach as a promising strategy of molecular
targeting of therapy for EOC [7,8].
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We focused our attention on CD157, a glycosyl-
phosphatidylinisotol (GPI)-anchored ectoenzyme
encoded by a member of a gene family of nicotinamide
adenine dinucleotide (NAD)ase/Adenosine
diphosphate(ADP)-ribosylcyclases, which includes
CD38 [9,10]. Both CD38 and CD157 metabolize
extracellular NAD generating cyclic ADP ribose
(cADPR) and ADPR, two second messengers
implicated in the regulation of intracellular calcium
homeostasis [11]. Although its structure is unsuitable
for the purpose, CD157 is implicated in intracellular
signal transduction [12]. To accomplish this function,
CD157 exploits its localization in selected membrane
microdomains (lipid rafts) and its natural proclivity to
establish functional and structural interactions with
integrins [13,14].

Initially characterized as a stromal [15] and myeloid
surface antigen [16] playing a major role in the control
of leukocyte adhesion, migration and diapedesis
[17,18], CD157 was subsequently found to have a
wider distribution than initially assumed [19,20]. In
particular, we demonstrated that CD157 is expressed
in EOC primary cell cultures and tissues, and it is
involved in interactions among EOC cells, extracellular
matrix (ECM) proteins, and mesothelial cells.

What follows is a portrait of CD157 focusing on its
role in tumor progression and its potential clinical
applications.

2. CD157 IN HUMAN EPITHELIAL OVARIAN
CANCER TISSUES

We examined the expression of CD157 by flow
cytometry, western blot and immunohistochemistry in
ovarian cancer cell lines, fresh cells from primary
tumors and surgical tissue samples from patients with
ovarian cancer. Among the cell lines analyzed, SKOV-
3, OV-90, OC314 and OC315 expressed CD157; by
contrast, CD157 was undetectable in the OC316,
A2780, IGROV-1, OVCAR-3 and OVCAR-5 cell lines.
Western blot analysis of CD157 immunoprecipitated
from selected positive cell lines confirmed that the
protein migrates as a single polypeptide chain of
approximately 45 kDa [21]. Fresh samples obtained
from chemotherapy-naive patients with serous ovarian
cancers expressed CD157, whereas the non-serous
specimens were negative. However, this result was
inferred from a small number of samples and requires
further investigation.

The analysis of the expression and distribution of
CD157 was extended to a cohort of 88 patients with

EOC with several different histotypes, including serous
papillary, endometrioid, undifferentiated, clear cells and
mucinous tumors. CD157 was expressed by 93% of
EOC analyzed by immunohistochemistry at varying
levels and with discrete localization pattern (Figure 1).
In specimens containing residual areas of normal
epithelium adjacent to the tumor, CD157 was mainly
localized at the intercellular boundaries and at the
basolateral surface of the epithelial cells. The extent of

Figure 1. Immunohistochemical staining of CD157 in
epithelial ovarian cancer tissue samples. Tissue sections
from formalin-fixed paraffin-embedded epithelial ovarian
cancers were stained with anti-CD157 mAb [RF3(MBL
International Milan, Iltaly) diluted 1:100, brown] and a
hematoxylin counterstain (blue). A. Serous papillary
carcinoma showing dot-like cytoplasmic and membrane
CD157 staining with  apical localization  (original
magnification, x400). B. Endometrioid carcinoma showing
cytoplasmic localization of CD157 (original magnification,
x200). C. Serous papillary carcinoma showing intense
membrane CD157 staining (original magnification, x200).
Scale bars = 50 ym.
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CD157 immunohistochemical staining semiquanti-
tatively measured by histological score (HS) was not
associated with tumor histological type or grade or
disease stage. However, high CD157 expression (e.g.,
above median HS) was associated with poor patient
outcome on follow-up. Moreover, CD157 appeared to
be a marker of poor prognosis in serous ovarian
cancer, which is the most common and aggressive
type. Multivariate survival analysis showed that high
CD157 expression is an independent prognostic factor
of tumor relapse shortly after surgical debulking of
ovarian cancer [21].

These observations indicated that CD157 was
associated with more aggressive ovarian cancers and
prompted us to investigate the biological mechanisms
through which CD157 could modulate tumor cell
aggressiveness.

3. ROLE OF CD157 IN EPITHELIAL OVARIAN
CANCER PROGRESSION

3.1. CD157
Invasion

in Ovarian Cancer Migration and

To understand the possible role of CD157 in crucial
aspects of ovarian cancer behavior, we analyzed the
effects of stable overexpression and knockdown of
CD157 in selected cell lines. Using these tools in
conventional in vitro assays, we demonstrated that
exogenous expression of CD157 in CD157-negative
OVCAR-3 cells and in OV-90 cells (expressing low
levels of CD157) consistently increased cell motility.
Conversely, shRNA-mediated CD157 down-modulation
in OV-90 cells strongly reduced their migratory
potential, compared to CD157-positive OV-90 cells
transduced with a control shRNA.

Tumor cell motility is a prerequisite for cancer
progression and for invasive migration of tumor cells to
distant sites where metastatic growth occurs. This
complex biological process involves a sequence of
strictly connected events largely dependent on the
ability of tumor cells to cross the mesothelial barriers.
Using a three-dimensional culture specifically designed
to mimic the metastatic process occurring in vivo, we
demonstrated that the extent of transmesothelial
migration achieved by EOC cell lines correlates with
the level of expression of CD157, further implicating
CD157 in the control of a crucial step of ovarian cancer
metastasis [22]. These findings strongly support a role
of CD157 in regulating EOC migration and peritoneal
dissemination.

3.2. CD157 and Epithelial-Mesenchymal Transition

Movement of cancer cells from the site of origin to
sites of metastasis is accompanied by transient,
microenvironmentally controlled cell differentiation that
converts adherent and strictly connected tumor
epithelial cells into migratory fibroblast-like cells,
capable of invading the ECM and establishing distant
metastases. This process is known as epithelial to
mesenchymal transition (EMT) because of its
remarkable similarities with EMT occurring during
development [23]. Using the above-mentioned
engineered cell lines, we demonstrated that CD157 is
involved in EMT of ovarian cancer cells. Indeed,
exogenous  expression of CD157  promotes
morphological, phenotypic and functional changes that
are considered the hallmarks of mesenchymal
differentiation. These hallmarks include i)
morphological change from a cobblestone-like
epithelial to an elongated fibroblast-like cell with
pronounced scattering; ii) loss of cell polarity and
organized adhesive junctions with a consequent
reduction of intercellular cohesion, iii) reduction of
cortical F-actin localization and formation of actin stress
fibers, iv) increased resistance to anoikis and v)
enhanced secretion of matrix metalloproteinases
(MMP) such as MMP2, MMP7 and MMP9. At the
molecular level, CD157 expression promotes the
cadherin switch, consisting in the repression of E-
cadherin (an integral component of adherens
junctions), counterbalanced by the induction of N-
cadherin expression, and translocation of 3-catenin into
the nucleus. These profound phenotypic/morphologic
changes act in concert to drive tumor cells toward a
mesenchymal phenotype, characterized by a marked
propensity to migrate. As expected, knockdown of
CD157 reverted the mesenchymal phenotype and
restored the original morphological, phenotypic and
functional characteristics of epithelial cells [22].These
data strongly support the idea that CD157 is involved in
mesenchymal transdifferentiation of ovarian cancer
cells, a dynamic and reversible process that confers on
neoplastic epithelial cells the biological traits needed to
accomplish most of the steps of the metastatic cascade
[24].

3.3. CD157 and Cancer Stem Cells

EMT has been implicated in two of the most
important processes responsible for cancer-related
mortality: tumor progression towards metastatic
disease and acquisition of drug resistance. Both of
these processes may be linked, in turn, to a third: the
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generation of cancer cells with stem cell-like
characteristics [25,26]. Comparison of surface markers
expressed by CD157-positive OVCAR-3 (transduced)
versus CD157-negative OVCAR-3 (constitutive) cells
highlighted that CD157 expression is paralleled by
increased expression of EpCAM (Epithelial Cell
Adhesion Molecule), CD24 and SSEA4 (Stage-specific
embryonic antigen 4) (Figure 2). These molecules are
reported to identify a subset of cells with a stem-like
phenotype. Moreover, EpCAM and CD24 are part of
the signature of ovarian cancer-propagating cells and
their expression correlates with tumour cell
differentiation and invasiveness, and with patient
survival [27,28]. The connection between EMT and
cancer stem cell generation has a detrimental effect on
cancer progression because it entails the acquisition of
cellular traits associated with high-grade malignancy
and with self-renewal ability, both of which foster
metastatic dissemination. It is tempting to speculate
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that CD157 may be at the crossroad between
mesenchymal and stem-like differentiation programs in
ovarian cancer cells. However, currently available data
refer to a limited number of in vitro models, which
therefore cannot be considered conclusive. This
intriguing aspect warrants further in-depth evaluation.

3.4. CD157 Expression and Gene Regulation

To dissect the transcriptional changes that may
mediate the tumor aggressiveness associated with high
expression of CD157, we performed microarray gene
expression analysis of OVCAR-3 cells with and without
CD157, and of OV-90 cells with low (constitutive) or
high (induced by transfection of full-length CD157
gene) expression of CD157. We found 378 unique,
significantly modulated transcripts (163 upregulated
and 215 downregulated) that represent the signature of
both OVCAR-3 and OV-90 cells overexpressing CD157
(Gene Expression Omnibus [GEQO] database, ID:

g
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Figure 2: Flow cytometric analysis of the expression of cancer stem cell-like markers on OVCAR-3/mock and OVCAR-3/CD157
cells. A. Cells (105) were stained with 5 pl of FITC-labeled anti-EpCAM, anti-CD24 or anti-SSEA4 (BD Biosciences, Milano,
Italy) for 30 minutes at 4°C. After washing, fluorescence was analyzed using a FACSCalibur flow cytometer and CellQuest
software (BD Biosciences). Ten thousand cells were considered for each analysis. x-axis = fluorescence intensity, y-axis =
number of cells (events). The results shown are representative of three experiments. The shaded histogram indicates the
isotype-matched control IgG, the black and the red profiles represent the expression of the indicated surface molecules on
OVCAR-3/mock and OVCAR-3/CD157 cells, respectively. B. Fold increase of the mean fluorescence intensity (MFI) in OVCAR-
3/CD157 (red bars) compared to OVCAR-3/-mock (black bars) cells. The results are expressed as means of three separate

experiments + SEM.
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GSE36364). This spectrum includes genes encoding
proteins involved in crucial aspects of ovarian cancer
dissemination (such as S100A4, BMP7, WNT10A,
WNT6, FGF9, FzZD4, FzZD7, SFRP1, EPCAM) along
with selected genes, such as EpCAM and CD24, which
are considered ovarian cancer stem-like cell markers
[29]. The latter products proved to be overexpressed in
OVCAR-3 cells with high CD157 (see above). The
comprehensive analysis of de-regulated genes
indicated that forced expression of CD157 in ovarian
cancer cells strengthens a number of biological
processes favouring tumor progression (such as
development, which also include EMT, and cell motility
and migration) (Figure 3A), and weakens several
biological processes counteracting tumor progression
(such as apoptosis, cell death and response to stress),
corroborating the idea that CD157 is a marker of
malignancy in EOC (See Figure 3B).

A

Biological process

3.5. CD157as a Therapeutic Target

These findings led us to hypothesize that CD157
might be a good candidate as a therapeutic target for
tumors characterized by high CD157 expression. To
this end, we exploited the ability of blocking monoclonal
antibodies (mAb) specific for CD157 [18] to dampen
ovarian cancer invasiveness. Migration and ECM
invasion of ovarian cancer cells were substantially
inhibited by blocking anti-CD157 mAb (but not by
irrelevant 1I9G used as control), on examination of both
primary cell cultures obtained from fresh tumors or
CD157-positive ovarian cancer cell lines. Conversely,
anti-CD157 mAb treatment did not influence either
motility or invasion of CD157-negative cells, confirming
the specificity of the inhibitory effect [21]. Moreover,
anti-CD157 blocking mAbs were able to reduce
transmesothelial migration of single tumor cells or cell
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Figure 3: Gene ontology analysis (GO) of genes modulated by CD157 overexpression in OVCAR-3 and OV-90 cells. A. Main
biological processes to which upregulated genes shared by OVCAR-3 and OV-90 cells overexpressing CD157 contribute. B.
Main biological processes to which downregulated genes shared by OVCAR-3 and OV-90 cells overexpressing CD157

contribute.
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aggregates, suggesting that CD157 is a key mediator
of tumor-mesothelial cell interactions [21]. Collectively,
these results show that anti-CD157 blocking mAb
actually counteract tumor progression in vitro.

3.6. CD157 and Tumorigenicity of Ovarian Cancer
Cells

It is widely accepted that in vitro colony-forming
ability reflects the tumorigenic potential of cancer cells,
and that the greater the propensity for metastasis, the
greater the ability to form colonies in soft agar.
According to this dogma, forced expression of CD157
increased (while CD157 knockdown reduced) the
colony-forming ability in OVCAR-3 and OV-90 cells,
compared to the corresponding control cells,
supporting the existence of a direct correlation between
the levels of CD157 and the tumorigenic potential of
ovarian cancer cells in vitro [22]. Since in vitro studies
may not thoroughly recapitulate the situation occurring
in vivo, we determined if high expression of CD157
could enhance tumorigenesis in vivo. Female
NOD/SCID/IL2rg-/- mice were  subcutaneously
inoculated with either CD157-negative OVCAR-3 cells
(mock) or with OVCAR-3/CD157-positive cells and
tumor growth was monitored over time. By day 18 post-

inoculation, tumor masses were detectable in mice
injected with OVCAR-3/CD157 cells. In contrast,
tumors were not detected in mice inoculated with
OVCAR-3-mock cells until day 22 (Figure 4A). The size
of OVCAR-3/CD157-positive tumors was significantly
larger than CD157-negative tumors until a very late
stage of growth (day 46), when mice were
compassionately euthanized (Figure 4B). These data
indicate that CD157-positive cells show accelerated
growth and a higher proliferation rate than the negative
counterpart, resulting in a significantly greater
tumorigenic potential in vivo.

4. CONCLUSIONS AND FUTURE PERSPECTIVES

The involvement of CD157 in the control of
leukocyte trafficking - [30] on the one hand, and its
expression outside the myeloid compartment - primarily
in mesothelial cells [31] on the other, led us to
hypothesize that CD157 could be expressed by
epithelial ovarian cancer cells and could be involved in
the control of tumor dissemination. Collectively, our
experimental and clinical data lead to the conclusion
that CD157 plays a leading role in the progression and
aggressiveness of ovarian cancers both in vitro and in
vivo.
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Figure 4: Effects of CD157 expression on tumor growth in
immunodeficient NOD/SCID/IL2rg-/- mice were subcutaneously in

NOD/SCID/ILng-/- mice. Five female 5- to 7-week-old
oculated with 10° OVCAR-3/CD157 (right flank) or OVCAR-

3/mock (left flank) cells suspended in 200 pl of ECM gel (Sigma Aldrich) and tumor growth was measured at the indicated times.
A. Increase of tumor size over time. Tumor growth was monitored biweekly from day 7 to day 46. Tumor masses were
measured with a manual caliber, and tumor volumes were calculated azpproximating the tumor mass to a sphere, according to
the following equation: volume = 11/6 [major diameter x (minor diameter)”]. Data are averages of multiple determinations (n=5) of
OVCAR-3/CD157 and OVCAR-3/mock tumors. P values were derived from analysis of variance with Bonferroni correction by
comparing OVCAR-3/CD157 (green) with mock cells (red). **P <0.01, ***P <0.001. B. (left side) Representative subcutaneous
tumors derived from CD157-positive (right flank); (right side) CD157-negative (left flank) OVCAR-3 cells. C. Tumor masses
excised at day 46 post-inoculum.
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We envision that CD157 may be helpful in clinical
practice. Indeed, used in conjunction with conventional
diagnostic markers, it could help formulate dependable
prognostic criteria and address the classification of
ovarian cancers into molecular subtypes with different
outcomes. Furthermore, CD157 is anchored to the
plasma membrane by a GPI moiety and can be easily
shed into the serum. Therefore, soluble CD157 could
be measured in serum (or ascites) of ovarian cancer
patients. Given the ability of CD157 to increase the
tumorigenic potential of ovarian cancers, high soluble
CD157 could indicate a highly aggressive tumor
requiring a particular line of therapy. Finally, the ability
of CD157 blocking mAb to prevent EOC invasion and
dissemination in vitro suggests that CD157 could be a
promising therapeutic target for intraperitoneal
antibody-based therapy as an additional modality
complementing surgery and chemotherapy. Despite
favorable preclinical results, mAb used as mono
therapies in ovarian cancer have often yielded
disappointing results in improving clinical outcome.
However, their administration in combination with
cytotoxic chemotherapy may be a promising option
[32]. Based on this assumption, we plan to generate
CD157-based nanoparticle formulations (such as
liposomal doxorubicin or protein-bound paclitaxel) for
active tumor targeting as a strategy to increase
specificity and anticancer potency of conventional
chemotherapy drugs in the treatment of EOC.
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