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1. ABSTRACT

CD157 is a member of the ADP-ribosyl cyclase gendlfathat is involved in the metabolism of NAD. CDA5

behaves both as an ectoenzyme and as a recepbaigT€D157 is anchored to the membrane by a glysbsgbhatidylinositol
moiety, which makes it unsuitable to transducealgon its own, it exploits its localization in seled membrane microdomains
and its proclivity to interact with integrins tocmplish receptor functions. Initially charactedzzs a stromal and myeloid
antigen involved in the control of leukocyte adbesimigration and diapedesis, CD157 was subsequiuthd to have a far
wider distribution. In particular, CD157 was fourdite expressed by epithelial ovarian cancer cdilrgvit is involved in
interactions among tumor cells, extracellular maprioteins and mesothelium. The overall picturerirédd from experimental
and clinical observations is that CD157 is a aitiglayer both in leukocyte trafficking and in olar cancer invasion and
metastasis formation. In this review, we will dissuhe biological mechanisms underpinning the@bl@D157 in the control of
leukocyte migration and ovarian cancer disseminatio

2. INTRODUCTION

Leukocytes are likely the best-adapted cells atatiigg to different districts of our body througarious

microenvironments. Their effective migration is doehe ability to adapt their behavior accordiagte type of tissue they
encounter. Increasing evidence indicates that caratis also use similar mechanisms to spread tfirtlne body albeit with
significant differences (1). We have learned muabuh how both leukocytes and cancer cells moveutitrahe body and we
realized that several key molecules that have ameanted role in leukocyte migration through tissales participate in cancer
invasion. For example, integrins and proteasesnimaiatrix metalloproteinases) are usually necgstarboth leukocytes and
cancer cells to traverse intact epithelial basemm@rhbranes. In addition to these “main actors”, yr@ther molecules make a
fundamental contribution to coordinate and fineettime whole process according to the particulauanstances.

Our group has spent the last several years asgahsimole of CD157 in the human innate and adajriveune

response and has come to the conclusion that CO&$3 ipnportant roles in the control of migratiordatiapedesis of
neutrophils and monocytes (2, 3). Exploiting thi®wledge and other independent evidence indicatiagCD157 has a wider
distribution than originally thought, we demonstiithat CD157 is not only a myeloid marker, sinds &lso expressed by
ovarian cancer epithelial cells where it is invalve the control of tumor cell migration and invasi

3.CD157 AND THE ADPRC GENE FAMILY

In the early 1990’s, BST-1 was described as a saidatigen expressed by human bone marrow strotal(4g not

knowing that BST-1 was identical to the antigen Niténtified a decade earlier in the myeloid lineég)e In the VI Workshop
on Differentiation Antigens, BST-1 and Mo5 were wdally designated as CD157 (5).

Human CD157 is a glycosylphosphatidylinositol (G&hehored glycoprotein encoded by a member of the
NADase/adenosine diphosphate (ADP)-ribosyl cyc(@&PRC) gene family, which also includes CD38 (6,Gp157 and
CD38 behave both as ectoenzymes and receptors &) expression overlaps in a limited numbetissfues and discrete
lineage-specific differentiation stages, whereaffers in most tissues, including the hematopoisystem. Comparative
analysis ofCD38 andCD157 genes showed a remarkable conservation betweearirtren-exon structures and those of the



Aplysia ADPRC gene, indicating that they originate from a comraanestral gene (10).

3.1. CD157 Gene

The humarBST-1/CD157 gene was assigned to chromosome 4p15, very cldbattof its paralogu€D38 (10). The
murineCD157 andCD38 genes have a similar organization on chromosonie & region syntenic with human chromosome 4)
(11, 12). The huma@D157 gene spans ~27 Kb and consists of nine exons ghdieirons. Exon 1 encodes the 5’-untranslated
region, the signal peptide and the first N-termiB2lamino acids. Exon 9 encodes a short hydroptp#ptide which signals the
attachment of a GPl moiety (pro-peptide), and then®anslated region. The genomic organizatioexains 2-8 of th€D157
gene encoding the rest of the extracellular regiddentical to that of exons 2—8 @D38: the introns have almost the same
length and the exons code for the same amino acitbar. Exons 5-8 @2D38, CD157 andAplysia ADPRC genes are quite
similar. A difference was observed in exon #pfysia ADPRC, which in theCD157 andCD38 genes is split into two smaller
exons, corresponding to exons 3 and 4 (6, 7). Theservations support the view that the three ghaes gone through the
same evolutionary path, and ti&d38 andCD157 originated through gene duplication before the @jgace of mammals and
amphibians (13).

TheBST-1/CD157 gene has been associated with Parkinson's didedsed BST-1 single nucleotide polimorphysms

(SNPs) rs11931532, rs12645693, rs4698412 and rd4538ere identified as risk factors in a sporadiedonset Parkinson's
disease genome-wide association (GWA) study iddépanese population (14). The association betB&&1/CD157

rs4698412 SNP and Parkinson's disease was confimibd European population (15), but not in thetNern Han Chinese
population (16). A meta-analysis of GWA studiesfpened on a North American and a European populatientified an
association between tiBST-1 locus and Parkinson's disease (17). A plausibtapnétation of these apparently discordant
results is that ethnicity significantly influencé® association between tB8T-1 locus and Parkinson's disease.

3.2. CD157 protein structure

The CD157, CD38 andplysia cyclase polypeptides share a central core with@s-8mino acid sequence similarity

(10, 18, 19). The determinants of their diversdgintopology reside instead in the N- and C-teahimodifications. Being a
soluble protein, théplysia cyclase has an N-terminal signal peptide. A lorigan of this hydrophobic region is found in CD38,
accounting for its being type Il membrane protaihereas CD157 is GPl-anchored, by virtue of thegres of a ninth exon
encoding the hydrophobic signal for GPI attachm@&htis, changes iIBST-1/CD157 exon 9 andCD38 exon 1 are responsible

for membrane attachment of the mammalian ADPRCs.

Human CD157 is a single chain cell surface glycapnoof 318 amino acids including signal sequendgsvith a

molecular mass of 42—-45 kDa (4, 20), including éN«id glycosylation which accounts for ~12% of thalt mass of the protein
(21). The CD157 amino acid sequence encompassesteCsterminal hydrophobic region, located clogetite membrane and a
distal NH-terminal region, which includes the catalytic dim@2). CD157 is synthesized as a 41 kDa precusstaisequently
converted to the mature glycoprotein, when theadigaquence at its COOH-terminus is cleaved offitnendoplasmic reticulum
and replaced by the GPI moiety (23). As most Gifkdd molecules, CD157 exists in a soluble form (sCD1&nd high levels of
sCD157 have been reported in chronic inflammatosgakes, such as rheumatoid arthritis (20).

The sequence alignment of CD38, CD157 Aplysia cyclase proteins revealed the presence of 10 coebeysteine

residues located in the extracellular domain of CBB8 CD157, indicating that the three molecules ltavemon features in their
tertiary structures (11, 24). In addition to thasteyne motif, there is a highly conserved 18 anaicids sequence, which is presumed
to be the binding site for cADPR. Cys160, Cys173, C9<rid Cys201 are crucial residues for the syntlasishydrolysis of
CADPR by CD38 (25); among these, only Cys160 and C3/sit& conserved in CD157. The C-terminal part of GX83uding the
Cys275 which contributes to the NABlycohydrolase activity (26), is conserved in CD1Birthermore, the CD157 sequence
includes a number of leucine residues, potentfaligning leucine zipper motifs and allowing consenfugomotypic and heterotypic
associations. More details on CD157 protein strectwe reported in (27).

3.3. CD157 enzymatic functions

Similarly to CD38, CD157 metabolizes NAB produce cADPR and subsequently ADPR, indicatiagitis endowed

with both ADP-ribosyl cyclase and cADPR hydrolastvétes (21, 28). However, CD157 is a much lesgcadfht cyclase than
CD38 (29), its enzymatic activities are pH-dependert require metal ions: the addition obZand Mre+remarkably increases
both the cyclase and hydrolase activities (21¢dntrast, Ce+ shows inhibitory effects on both catalytic actiegtiof CD157 (21,
30).

The ability of CD38 and CD157 to synthesize cADPRrgitp suggests their involvement in the control ytbsolic Ca+
homeostasis (31). Indeed, cADPR is a potent-@deasing agent acting through ryanodine-sensitnasitol 1,4,5-trisphosphate
(IP3)-independent intracellular stores involvedinumber of biological functions both in human amzlise (31). CD157-mediated
biological functions include lymphocyte proliferati (32, 33 ), cardiac and intestinal longitudinalstie contraction (34) (35),
activation of airway smooth muscle cells (36), bitibn of the cardiomyogenesis of mouse embryotémscells (37),
glucoseinduced

insulin release in the endocrine pancreas (38,831 regulation of renal hemodynamics and excrdtorgtion in mice

(40).

The products of NAD metabolism generated by CD157also act as extracellular immunomodifiers. Famegle,

the concentrative uptake of cCADPR generated by COidsrive stromal cells stimulates proliferationhofman hematopoietic
progenitors (41). Moreover, emerging data indithse cCADPR and ADPR may operate outside the celheacpine factors. In a
mouse model, calorie restriction was found to iaseethe expression of CD157 in Paneth cells. CD1falysas the extracellular
production of cCADPR, which can act in a paracrinene to induce self-renewal of intestinal stems;edliggesting that cCADPR
may have an application in improving intestinaleegration and function in patients (42).

3.4. CD157 tissue distribution
Originally identified as a myeloid cell differenti@n antigen (5) and as a bone marrow stromalasgigen (BST-1) (21),
human CD157 has been found expressed by severalogthtypes and tissues (43) summarizedablel.



4. ROLE OF CD157 IN LEUKOCYTE TRAFFICKING

A fundamental requirement of any immune responsiegisnigration of leukocytes from one site in tloelypto another

to exert effector functions. Therefore, elucidating molecular mechanisms underlying the migratibleukocytes from the
blood to tissues and back is critical to our un@erding of the immune response during inflammatiod for the design of
effective targeted therapies. The main steps afdeyte trafficking involve leucocyte tethering amdling on vessel walls of the
vasculature, followed by firm adhesion to the ehdbtim and successive extravasation. This multiptepess is choreographed
by an increasing number of molecular interactiam lay complex array of soluble factors in combimatwith the local
intravascular and extracellular environment (44).

4.1. Role of CD157 in leukocyte adhesion, migration and diapedesis

The findings that CD157 i) is constitutively expredsy neutrophils, monocytes (5) and vascular dvadiai cells (45), ii)

is upregulated by soluble mediators of inflammaii$®), and iii) undergoes redistribution and memberaompartmentalization in
the presence of proinflammatory cytokines (47)tefeed the hypothesis that it could be a cruciajgridan the control of leukocyte
migration and transmigration during the inflammsgtsponse.

4.1.1. Leukocyte adhesion

Adhesion of neutrophils and monocytes to ECM prateian essential step for their migration acroesdblvessels and
subsequently into the stroma of inflamed tissusgegulated by a wide variety of cell surface piotfamilies, the most relevant of
which belong to th@1 andp2 integrin subfamilies. The contribution of CD15%&gulating the adhesion of neutrophils and
monocytes to fibronectin and fibrinogdre(the main ligands df1 andp2 integrin, respectively) was assessed by perfarmin
conventionalin vitro experiments in the presence (or in the absenca)tefCD157 monoclonal antibodies (mAbs). Ligation of
CD157 by F(abyfragments of blocking mAb (able to bind two CD157lecnles) significantly reduced neutrophil and marec
adhesion to both fibronectin and fibrinogen; moerpzombined blocking of CD157 afid or 32 integrin resulted in a more
effective inhibition (47). Strikingly, CD157 clusteg induced by ligation through blocking mAb, foNled by cross-linking with a
secondary antibody reversed the block and virtuadinpletely restored leukocyte adhesion (3). Oligteése data suggested the
existence of a functional interplay between CD15% fasthp1 andB2 integrin governing critical steps of leukocytafficking and
strengthened the hypothesis of a role of CD157gnaitransduction (2).

4.1.2. Leukocyte migration and transmigration

CD157 regulates neutrophil and monocyte chemotéixsiated by fMLP and MCP-1 chemoattractant factors

respectively. Indeed, ligation of CD157 by blockimgb resulted in impaired directional migration afth neutrophils and
monocytes in conventional vitro assays (3, 47).

A central aspect of leukocyte trafficking is thentinuous transition from the blood circulation inissues and vice

versa. This implies that leukocytes must repeatertigs the vascular endothelium, which is locatatainterface between the
two compartments. The constitutive expression of &DHoth in leukocytes and vascular endotheliabdefiainly at
interendothelial junctions) (2) was highly suggesf its potential involvement in transendothefragration. The potential role
of CD157 in regulating leukocyte transmigration veaploredin vitro using primary neutrophils or monocytes treated (or
untreated) with an anti-CD157 blocking mAb. The tssdemonstrated that neutrophils treated with-@miL57 mAb were able
to adhere to the apical surface of the endothelhuhshowed a prolonged and disoriented motilitgratne endothelial cell
layer, which eventually resulted in a clearly intpdiability to cross the endothelium (46). Compkrabésults were obtained on
monocytes, where CD157 ligation by a blocking mAfuteed in dose-dependent inhibition of transmigmathcross resting as
well as activated endothelial cell monolayers. Timim the extent of CD157 clustering likely occurriimyvivo upon binding

with a specific non-substrate ligand (currently movwn), monocytes were treated with anti-CD157 mAbnt prior to their
addition to the endothelium, crosslinking of CD15&svinduced by means of an anti-mouse IgG antib&afjbody-induced
clustering of CD157 overcome the block and restonedocyte transmigration (3). These data suggestrivavo clustering of
CD157 might function as a switch that controls traiggation by eliciting intracellular signals.

4.2. Functional, structural and molecular interactions between CD157 and integrins

CD157 lacks a cytoplasmic domain, therefore, itisuitable to transduce signals by its own. To dwew this structural
limitation, CD157 exploits its lateral mobility te®blish functional interactions with other receptd@he existence of a functional
interplay between CD157 and integrins ruling leuke@dhesion to ECM suggested that integrins couttid@artners of choice for
CD157 to carry out its receptor functions. Immunal@ation and co-capping experiments in leukocgtesved that CD157 and
integrins appear to closely associate spatiallfigasd-induced clustering ¢R integrin (CD18) o1 integrin (CD29) caused
colocalization

with CD157 and, vice versa, fibronectin-induced ttiag of integrins caused co-localization of CD15Hving cells

(3, 47). Moreover, co-immunoprecipitation experitsetiemonstrated that i) CD157 and CD11b/CD18 areadlygtixtaposed and
are actually physically bound to one another introghils (48), and ii) CD157 is structurally asseedwith both31(CD29) and

B2 (CD18) integrins in monocytes (3).

GPl-anchored proteins are usually concentrateipiith tafts, which are microdomains within the plasmembrane

enriched in glycosphingolipids, cholesterol andesalsignaling elements (49). Lipid rafts are thuutg provide the optimal milieu
to bring discrete receptors and downstream intelaeslinto close proximity, thereby favoring thenfation of signalingcompetent
membrane domains (50). The GPIl-mediated anchoceiletmembrane, suggested that CD157 could fudfiiéptor

functions in the context of membrane microdomaasspart of multimolecular complexes. As predicteD,157 proved to be
virtually entirely located within lipid rafts in mérophil and monocyte cell membrane. CD157 clusgebiyn means of specific
antibodies causefil/CD29 andg32/CD18 integrins to translocate into lipid raftsukieg in subsequent activation of downstream
signaling pathways (3).The analysis of the phosghtion status of selected core components ofritegyrin-mediated signaling
cascade highlighted that CD157-mediated intracelkifgnaling relies on integrin/FAK/Src, leadingitezreased activity of
downstream MAPK/ERK1/2 and PI3K/Akt pathways. Thymamic interplay between CD157 and integrins impdiesose



functional cross-talk that is instrumental to tleatrol of leukocyte adhesion to ECM proteins, migmnatand diapedesis. Indeed,
concurrent engagement of CD157 and integrins prasiat@eased tyrosine kinase receptor phosphorylata PI3K and
MAPK signaling cascade activation, warranting ojtifeukocyte transmigration (3). These findingsfadamthat CD157 is part
of a multimolecular complex ruled by integrins agstrating leukocyte transendothelial migration adbesion to ECM proteins

(Fig.1)

5. ROLE OF CD157 IN OVARIAN CANCER

Ovarian cancer is the most lethal of gynecologialighancies and has an extremely poor prognosimagly due to
asymptomatic presentation of the disease, whichemakrly diagnosis extremely difficult. Althougheoian cancer may arise
from all cell types composing the ovary, most caarcarcinomas arise from the surface epitheliurndabwzers the ovary and
lines postovulatory inclusion cysts: they are dedfirepithelial ovarian cancers (EOC). The most comhistological types of
EOC are serous, endometrioid, clear-cell and musindlhatever the site of origin, ovarian cancer prsges with a peculiar
modality: cells shed from the tumor as single cetlsnulticellular aggregates are passively transgoy the peritoneal fluid
into the peritoneal cavity. Cells cable of escapgptosis attach to the mesothelium, giving origimetastases-{gure2A).
This ‘seeding’ of the peritoneal cavity is frequgrassociated with the formation of ascites, anthésmost widely recognized
behavior of ovarian carcinoma, particularly sercacinoma. Unlike most malignancies, ovarian cacarely metastasize
through the hematogenous route until advanced s{&J9. The high mortality associated with ovagancer underlines the
urgent need to identify specific markers usefultfar early diagnosis and for the control of nedgsogression.

A huge number of molecules involved in ovarian eargell migration and invasion have been describehy of

which were also found involved in crucial stepsenfkocyte migration, highlighting the existence@arkable similarities
between metastatic dissemination and leukocytédkafg. The list of these molecules includes aehegeneous group of
membrane proteins overall defined “ectoenzymesheag are characterized by having the catalyticfaiténg the extracellular
environment. One of these ectoenzymes is CD157 (52).

5.1. CD157 expression and clinical significance

First evidence of the expression of CD157 in ovaepithelial cells came from microarray analysisadhindicated

thatCD157 was included in the panel of genes upregulateélis derived from primary ovarian cancers compaoecklls
derived from normal ovarian epithelium (53). Thisservation paved the way for a more detailed sthdyled us to demonstrate
that CD157 is expressed by the majority of ovariamcer tissues and primary cultures, and by selexstadan cancer cell lines.
The expression of CD157 is modulated during tumogmassion: cells from primary tumors express haytels of CD157
(Figure2B, left panels), whereas single cells or spherd&tached from the primary tumor express low legélSD157, mainly
confined to cells located at the periphery of thleesoid Figure2B, middle panels). However, CD157 expression is detaly
restored when spheroids are allowed to adherestibstrateKigure2B, right panels) (54). This observation suggesis @157
is turned-off when tumor cells move passively, amded-on when they need to migrate through tisseslternative
hypothesis is that the expression of CD157 is maedlan some cells by unknown microenvironmentalag this could affect
the interaction between CD157 and integrins on rmghg cells leading to the detachment of cellsnftbie tumor mass. This
intriguing hypothesis deserves future investigation

Immunohistochemical staining of tissues from a ¢cbh688 patients with known clinical history analléw-up

demonstrated that CD157 is expressed by 93% ofavagncer tissues at variable expression levelsvghdlifferent
distribution pattern, including membrane and cyasptic localization with granular, dot-like, apicalperinuclear staining. In
non-neoplastic epithelium adjacent to the tumor, EDlbcalizes at the basolateral surface and antkecellular boundaries
(54). Semiquantitative evaluation of CD157 exprassietermined by histological score (HS), showeidjaificant correlation
with patient outcome. Indeed, CD157 expression abore the median H-score (HS = 60) was signiflgagsociated with
rapid tumor relapse: patients with tumors that egped high CD157 had a poorer disease-free suthizalthose with low
CD157. Association between high CD157 expressiorredigced overall survival of patients showed a dieard, even though
it did not reach statistical significance in thelgsed cohort. Furthermore, CD157 correlated witth lolisease-free and overall
survival in patients with the serous ovarian carscdatype, which accounts for more than 70% of @vacancer cases, and is the
most aggressive histotype. Multivariable analysifiwhe Cox proportional hazard model confirmed BBXL57 is an
independent prognostic marker of reduced disea&sesiurvival in patients with ovarian cancer, intiigathat high CD157
expression is associated with higher risk of rapidor relapse after surgical resection of the turktmreover, in patients with
serous EOC, CD157 HS above the median value provieel &am independent predictive variable of bothatiseecurrence and
reduced survival (54).

5.2. CD157 controls ovarian cancer cell migration and invasion

The ability to proliferate and migrate are physgital features of the epithelial cells of the ovampich accompany

ovulation (55). During ovarian cancer oncogenegiithelial cells exploit their inherent ability toigrate, lose any control
mechanisms and acquire the ability to activateairte loops of growth signals that fuel tumor pesgion. Complex molecular
networks relying on specific cell-cell and cell-mainteractions drive ovarian cancer cell migrat@nd dissemination.

As in neutrophils and monocytes, CD157 expressealayian cancer cells controls adhesion to and ridggrahrough

ECM proteins. This conclusion was inferred from éhservations that ligation of CD157 by means of kileg mAb: i) reduced
adhesion of CD157-positive primary ovarian cancéls @ad cell lines to fibronectin, laminin and @gkn type I, which
represent the main components of the submesothelsall lamina (56), and ii) inhibited tumor cellgndtion and invasion
through ECM proteins (54).

To understand the direct contribution of CD157 iaran cancer migration and invasion, we analyseceffects of

stable overexpression and knockdown of CD157 irctedecell lines. Using these tools in conventidnadtro assays, we
demonstrated that exogenous expression of CD157 ibThegative OVCAR-3 cells and overexpression in @\ells
(showing low basal levels of CD157) consistently@ased cell motility. Conversely, short hairpin BNA-mediated CD157
knock-down in OV-90 cells significantly reduced ithmigratory potential, compared to OV-90 cells gsing basal CD157
transduced with a control shRNA (57). The improvkilityg of CD157-positive ovarian cancer cells to maitg was further



confirmed in a different experimental setting inigtha mesothelial layer was grown on the bottorthefwell of a transwell
chamber. Then, CD157-positive or CD157-negative OVC3Atells were seeded on the membrane of the trahslahber.
CD157-positive cells migrated toward the mesothefiaholayer with an efficiency significantly hightian that of the CD157-
negative control cells (S.M. unpublished resul®jerall, these results indicate that CD157 conferesiased motility to ovarian
cancer.

5.3. CD157 controls ovarian cancer cell dissemination

Ovarian cancer progression is characterized bygrezal dissemination of tumor cells shed from tfimary tumor as

single cells, small aggregates or spheroids (58,88 majority of ovarian cancer cells that detfoim the primary tumor
usually undergo anoikis, a form of apoptosis calseldss of contact with neighboring cells or wEM proteins (60). A small
number of these tumor cells acquire the abilitggoape death by anoikis and subsequently formivevésci (61). The observed
association between high CD157 expression and tuehapse in patients suggested that CD157 might gegeiotection against
anoikis. The results obtainédvitro have indeed confirmed that tumor cells expressigg 8D157 are more resistant to anoikis
than cells with low or absent CD157 (57). The inseghresistance to anoikis accounts for the incdealsgity of CD157-
positive cells to form colonies in soft agar, awemtionalin vitro assay to measure the tumorigenic potential of casedts. The
expression of CD157 not only affects the tumorigigniaf cells detached from the tumor, but also uetsithe spherical
architecture and enhances the invasive capaciptwdroids. Indeed, OV-90 cells with high CD157 famagular clusters
composed of loosely associated cells with highsiweapotential (54, 57).

The initial step of tumor cell invasion is charaized by the breakdown of the basement membrapmaess

dependent on ECM-degrading enzymes, mainly MMP2\iiéP-9 (62). We observed an intense proteolytitvdgtassociated
with CD157 overexpression in epithelial ovarian @areells documented by increased transcriptionratedise of tumorspecific
matrix metalloproteinases (MMPs), such as MMP2, NlRd MMP9, paralleled by reduced transcriptioidAP3

(an endogenous inhibitor of MMPs)(57). These filgdistrongly support the association between high3Zxkpression and
EOC aggressiveness that emerged from patient asalysi

5.4. CD157 promotes ovarian cancer cell transmesothelial migration

The adhesion of single epithelial ovarian cancés ¢er cell aggregates) to and migration throughtbe mesothelium

are key sequential steps during metastatic dissgimim We evaluated the contribution of CD157 inhbsteps and demonstrated
that CD157 has no appreciable role in ovarian careleadhesion to and dissemination over the mesiathayer, whereas it
plays a fundamental role in transmesothelial mignaindeed, CD157-positive and CD157-negative OVC3\&ells showed
comparable adhesion efficiency. Moreover, anti-CD&cking mAb did not interfere with tumor cell agffion to mesothelium.
These findings indicate that CD157 does not hagsige role in tumor cell adhesion to mesenchynsales. Conversely, high
expression of CD157 resulted in a significantly impd ability of both OVCAR-3 and OV-90 cells to csdhe mesothelium, as
compared to the respective control ceflgy(re2C, D), indicating that the extent of transmeso#ietiigration achieved by EOC
cells correlates with the level of expression of 6GD157).

The dissemination of ovarian cancer through thedlessels is not a common route, but sometin@iirs, especially in
advanced stage disease. In this scenario it ity lfkeenvision that tumor cells with high levels@D157 can use it to
transmigrate, as do leukocytes.

5.5. CD157 drives ovarian cancer cellstoward epithelial-mesenchymal transition

Tumor progression from the place of origin to the ef metastasis involves profound morphologicad &unctional

alterations of the cells, which must transform frstatic into migrating cells. This transient andersible differentiation
program is known as epithelial-mesenchymal tramsi(EMT) because of its remarkable similaritiesvE#MT occurring during
embryonic development. Once the cancer cell hapladed its journey and reached its final destimgtibreverts its phenotype
adapting to the new environment. Undergoing EMT-mvasive cells composing the primary tumors aagféatures essential
for migration, invasion, metastatic dissemination aesistance to apoptosis (63). EMT is a physioldgrocess during the
postovulatory repair representing a homeostatichar@ism for maintaining an intact epithelial layemormal ovary (64, 65).
However, in tumors EMT may have detrimental conseges, promoting metastasis.

Using ovarian cancer cell lines engineered to oymess or knockdown CD157, we demonstrated thagedbrc

expression of CD157 induces profound changes in tawelbmorphology, with loss of cell polarity andganized adhesive
junctions resulting in reduction of intercellularhesion. At the phenotypic level, CD157 overexpmsgromotes the so-called
cadherin switch, which is considered the hallmdrEMT. The switch consists in repression of E-cadh@n integral
component of adherens junctions), counterbalangedduction of N-cadherin, the prototype of mesenhiymarkers. The
downregulation of E-cadherin is accompanied byaation off-catenin from the cell membrane to the nucleus. adwiisition
of mesenchymal-like phenotype in CD157-positivesciicontrolled by the induction of the E-cadhéramscriptional
repressors Snail and Zebl (57). These observatleady indicate that CD157 promotes mesenchyméifitiation which is
considered a main driver of chemoresistance (6@)paor survival in ovarian carcinoma patients (8Wditional studies are
needed to further validate the role of CD157 inEMET process in animal modéils vivo.

5.6. Transcriptome profiling analysis of genes modulated by over expression of CD157

To dissect the transcriptional changes that mayiateetlimor aggressiveness associated with high C@kpression,

we performed microarray gene expression analysis@D157-negative and CD157-positive OVCAR-3 celidl &) of OV-90
cells with increased or basal expression of CD15& id€ntified 378 significantly modulated genes (L§8egulated and 215
downregulated) representing the signature of CDAMgfexpressing OVCAR-3 and OV-90 cells [Gene Expogs€imnibus
(GEO) database ID: GSE36364] (57). Noteworthy, fiomal grouping and assessment of the gene ontalegignations of
these 378 transcripts, indicated that many gerthsced by CD157 expression are involved in biologicatesses such as
developmental/differentiation processes (includihdT), cell-adhesion, motility, locomotion and adiees and cellular
components assembly and organization. In contrasty of the down-regulated genes take part in Qiodd processes such as
apoptosis, cell death and response to stress JFigh® overall picture that has emerged from thedyesis of the transcriptome is



consistent with the assumption that CD157 is a atystayer in tumor progression and aggressiversggsmotivate the
observation that patients with tumors showing High.57 have a worse prognosis than those with loabsent CD157.

6. SUMMARY AND PERSPECTIVES

In the last ten years we have learned much abalkbtgtes and cancer cells migration. Our knowlduagbeen

significantly fueled by the identification of makgy molecules governing fundamental steps of cajtation through tissues.
Studying leukocyte trafficking and cancer cell disénation, we realized that leukocytes and caneks ase similar strategies
and share many of the molecules they exploit teapthrough the body, adapting each time to thesnding environment.
CD157 was found to have a starring role in the abotrmyeloid cell migration and diapedesis durinflammation, a
function which is fully consistent with its disttibon pattern on leukocytes and endothelial cAltshe molecular level, CD157
clustering by antibody-induced cross-linking (mikiigg the effects of an unknown physiological liganecruitspl andp2
integrins into signaling-competent membrane microdios, thus influencing their three-dimensionalamigation and
promoting the transduction of intracellular signatsich drive efficient cytoskeletal rearrangementd| adhesion, and
transmigration.

The anecdotal report of the expression of CD157imdn mesothelial cells (68) on the one hand, aad th

demonstration thaST-1/CD157 is among the genes differentially expressed irhefiél ovarian cancer cell&rsus normal
ovarian surface epithelial cells (53) on the othpeompted us to hypothesize that CD157 could beessged by epithelial ovarian
cancer cells. Our studies confirmed this hypothasd highlighted that CD157 is an independent prstinéactor of poor
prognosis in patients, suggesting that CD157 exjmesharacterizes more aggressive tumors. The iasiemcof CD157 with
epithelial ovarian cancer aggressiveness has legref substantiated by the observations that COd 8ifectly implicated in
the control of tumor progression. The functionattecitbution of CD157 to ovarian cancer progressidieseon its ability to
activate a differentiation program that drives £étiward a mesenchymal phenotype, a prerequisitafwcer cell invasion and
metastatic dissemination. We envision that CD15peoates with other transmembrane receptors tdl ftdfifunctions in
ovarian cancer. Lateral partners of the CD157 ioterae and molecular mechanisms regulating CD15%drowarian cancer
progression currently under investigation in ot \ll shed light on this issue.

Overall, clinical and experimental data lead ubdtieve that CD157 may be helpful in clinical preetiln chronic
inflammatory conditions, such as arthritis and edkelerosis, CD157 represents a potential targehfodesign of novel
therapeutic strategies. Indeed, due to its straband functional partnership with integrins, CD1Bférs the opportunity for
fine-tuning integrin functions without interferirtirectly with them, an approach that has generse¢eidus side effects in
patients (69). In ovarian cancer patients, itsging to predict that CD157 may serve as a nowahbteutic target for
intraperitoneal antibody-based therapies aimedairalling invasion and dissemination of the peréal cavity by residual
ovarian cancer cells, after surgical interventimrthermore, CD157 is anchored to the plasma meratimara GPIl moiety and
can be easily shed into the serum. Therefore, BlDDB157 could be measured in serum (or ascitesyarian cancer patients to
determine if there is a correlation between thelkwof soluble CD157 and the progression of theadiseGiven the ability of
membrane-bound CD157 to increase the tumorigeniengiat of ovarian cancers, it is tempting to spataithat high soluble
CD157 could indicate a highly aggressive tumor néggia particular line of therapy.

Over the last decade, a large body of informatias émerged from different perspectives contributiintpe overall

picture of the human ADPRC family. The dual recegtaziyme nature of both members of this family hanhkzearly
established. What remains an unsolved riddle isdtationship between enzymatic activities and pemefunctions of both
CD157 and CD38 in specific physiological and pathimialgcontexts.
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Figure 1. CD157 and integrin partnership. (A) CD157 engagerhgiits non-substrate ligand recruits integrins into
signallingcompetent

microdomains (lipid rafts), thus influencing théiree-dimensional organization and promoting tiserbly of a

network of interconnected signal transduction patysuB). The experimental data indicated that CDA%IB1 andB2 integrins
converge on activation of Src family kinases. Thals to increased activity of downstream MAPK-ERKand PI3K-Akt
pathways, known to regulate cell adhesion and riara

Figure 2. Key steps of ovarian cancer cell disseminationyaeal by confocal microscopy. A) Tumor cells (gregimgd into the
peritoneal cavity as spheroids or single cells eglle mesothelium (red), then compromise the iftegf the mesothelial layer
and migrate through it. Met-5A non-malignant pléunasothelial cells were labeled with CellBriteTM Ratdl grown to
confluence on fibronectin-coated coverslips. Celtkaa green-stained OV-90/mock (left panels) or GQY&D157 (middle and
right panels) cells were plated onto the monolagamples were analysed by sequential scanningof Yhplanes recorded
along the Z-axis (step size: luf) at different time points. Series of confocalicgitXY images were processed using a 3-
dimensional reconstruction program (bioView3D saiitey Bio-Image Informatics, University of CalifornBanta Barbara, CA)
and visualized as orthogonal views. B) ExpressioB®157 in confluent primary tumor cells (left panét) spheroid from the
same patient (middle panel) and in the spheroidrel@dmmonolayer (right panel). Sample were analyaigd an Olympus FV300
laser scanning confocal microscope (top panelbydomarski differential interference contrast (DIgptics (bottom panels).
C) Phase contrast microscopy images of spheroidsmisating through mesothelium. Digital photographspheroids
generated from OV-90/mock cells (top panel) or GQ/&D157 cells (bottom panel) plated on human pessmesothelial cell
layers for 7 days. Arrows delineate the perimefénvading spheroids. Images were acquired usinkX@d inverted
microscope equipped with an F-View Il camera (OlysBiosystems). D) Ovarian cancer cell migrationtigh a mesothelial
monolayer. OV-90/mock (left panels) or OV-90/CD18&%ddle and right panels) cells were plated ontontlomolayer. In the
right panel, OV-90/CD157 were treated for 1 h witll@O01 broad spectrum inhibitor of matrix metallojgioases (2pg/ml)
before seeding onto Met-5A mesothelial cell laydter migration for 2.5 h at 37°C, sample were fixa@tl analyzed using an
Olympus FV300 laser scanning microscope (as desgtiibA). Top and bottom views are shown.

Figure 3. Gene ontology analysis of transcripts modulate@€byL57 overexpression. Differentially expressed gém&\CAR-
3 and OV-90 cells overexpressing CD157 are groupéigté major biological processes. The number afiscripts up-regulated
(red arrows) and down-regulated (green arrows)dpeific biological process is indicated in brask&rey segment indicates
the remaining biological processes.

Table 1. Schematic distribution of CD157 in tissues
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