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The Human Poliovirus Receptor Related 2 Protein Is a New
Hematopoietic/Endothelial Homophilic Adhesion Molecule

By Marc Lopez, Mustapha Aoubala, Francois Jordier, Daniel Isnardon, Sophie Gomez, and Patrice Dubreuil

We have recently described Poliovirus Receptor Related 2
(PRR2), a new cell surface molecule homologous to the
poliovirus receptor (PVR/CD155). Both molecules are trans-
membrane glycoproteins belonging to the Ig superfamily
(IgSF). They contain 3 Ig domains of V, C2, and C2 types in
their extracellular regions that share 51% aa identity. The
PRR2 gene encodes two mRNA isoforms of 3.0 kb (hPRR2«
[short form]) and 4.4 kb (hPRR2§ [long form]), both widely
expressed in human tissues, including hematopoietic cells.
To further characterize PRR2 expression during hematopoi-
esis and to analyze its function, we have developed a
monoclonal antibody (MoADb) directed against its extracellu-
lar region (R2.477). PRR2 was expressed in 96% of the CD34*,
88% of the CD33*, and 95% of the CD14* hematopoietic

expression of both PRR2 cDNAs induced marked cell aggre-
gation. A soluble chimeric receptor construct with the Fc
fragment of human IgG1 (PRR2-Fc) as well as a fab fragment
of the anti-PRR2 MoAb (R2.477) inhibit aggregation. PRR2-Fc
binds specifically to PRR2-expressing cells. These results
suggest that PRR2 is a homophilic adhesion receptor. PRR2
was also expressed at the surface of endothelial cells at the
intercellular junctions of adjacent cells but not at the free
cellular edges. Homophilic interactions are associated with
dimerization of isoforms of PRR2 and lead to the tyrosine
phosphorylation of PRR28. Altogether, these results suggest
that homophilic properties of PRR2 could participate to the
regulation of hematopoietic/endothelial cell functions.

© 1998 by The American Society of Hematology.

lineages and faintly in the CD41 compartment. Ectopic

DHESION MOLECULES play a fundamental role in the cDNAs (AGMal and AGMx2) have been isolated and encode
regulation of different biological processes such asreceptors to poliovirus.Two murine PVR homolog (MPH)
embryonic development, neuronal ontogeny and physiologycDNAs have been cloned, but the corresponding proteins do not
immune response, and hematopoietic differentiation. Mostind poliovirus’® By cloning the human PRR2 gene, we
adhesion molecules mediate cell/cell or cell/substratum interacshowed that the true human homolog of MPH was hPRR2 and
tions through heterophilic mechanisms. In some cases, adhesiowt hPVR. MPH was renamed mPRRZwo hPRR2 cDNAs
molecules interact with themselves through homophilic mecha{hPRR2x [short form] and hPRR&[long form]) were identi-
nisms. Adhesion molecules are classified in different familiesfied. These two cDNAs encode alternative forms of the same
and, among them, the Ig superfamily (IgSF) includes moleculegene sharing identical extracellular regions but different trans-
involved in homophilic adhesion processes. membrane and intracytoplasmic regions. The mPRR2 gene

We have recently cloned two new human genes encodingncodes also two glycoproteins, mPRR&2rd mPRRg, shar-
transmembrane glycoproteins that contain 3 Ig domains of Ving 69% and 64% identities with hPRR2and hPRRE,

C2, and C2 types in their extracellular regions. The encodedespectively, along the whole amino acid sequence, but only
proteins are homologous to the poliovirus receptor (PVR;51% identity with PVR in the extracellular region. Finally, no
CD155)? and we named them PRR1 and PRR2 (poliovirus cDNAs encoding soluble forms of hPRR2 or mPRR2 have been
receptor related}* The PVR and PRR2 genes are located in thejdentified.

same human chromosomal region (19q13); they encode pro- |n the present report, we demonstrate that hPRR2 is ex-
teins sharing 51% identity in their extracellular regions. Thepressed at the surface of hematopoietic cells of the myelo-
PRR1 gene is located on chromosome 11923 and encodgfionocytic and megakaryocytic lineages. hPRR2 is also de-
protein sharing 30% and 32% identity with the PVR and PRR2,tected at the surface of endothelial cells; its localization is
respectivelyy Among the three members of this family, PVR restricted to intercellular borders. Both hPRR2 isoforms could
and PRR2 proteins are more closely related. mediate homophilic intercellular adhesion, confirming another

At least four PVR transcripts, resulting from alternative recently published repoftHomophilic adhesion mediated by
splicing, have been cloned: two transmembrane forms VR pRR2 correlates with dimerization of the molecule at the cell
and PVR) and two soluble forms (PVR and PVRy) with  syrface and phosphorylation of the long form on tyrosine
common Ig domain sequencedwo different PVR monkey residues. Altogether, these results suggest that hPRR2 is a new
homophilic adhesion molecule that could be involved not only
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tisement”in accordance with 18 U.S.C. section 1734 solely to indicate Malmaison, France) was added to the TF1 culture. The murine cell line
this fact. expressing the CD28 antigen (DWT6.11) was cultivated in Dulbecco’s
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Chasin, Columbia University, New York, NY) was cultivated in (PV.404) were obtained in the laboratory and submitted at the Vith
CHOSFMII serum-free medium (LifeTechnologies, Grand Island, NY). International Workshop on Human Leukocyte Differentiation Anti-

Adult bone marrow was aspirated from the posterior iliac crest of gens'* Fab fragments were obtained after papain digestion according to
healthy volunteers after informed consent had been obtained. ECV30the manufacturer’s protocol (Pierce, Rockford, IL). The MoAb against
endothelial cell line (umbilical cord origin; ATCC, Rockville, MD) was PRR2 (BC-12) was kindly provided by Dr Claude Clement (Diaclone,
cultivated in DMEM supplemented with 10% FCS. Eahy924 cell line Beranon, France).

(kindly provided by Dr C.J. Edgell, University of North Carolina, Immunesera directed against the intracellular domain of RRR2
Chapel Hill, NC) was cultivated in DMEM supplemented with 10% (anti-PRR2) ands (anti-PRR3) were obtained after rabbit immuniza-
FCS and hypoxanthine aminopterin thymidine (HAT) medifi&ndo- tion with C-terminal peptides SQLDGSLISRRAVYV and SYQGKG-
thelial cells were harvested from human umbilical cord vein (HUVEC) FVYMSRAMYYV, respectively.

as previously described.The cells were maintained in RPMI contain- The PECAM-1/CD31 MoAb (clone JC/70A) was purchased from
ing 20% FCS. Dako (Glostrup, Denmark).

Antibodies. Flow cytometric analyses were performed using fluores- The 4G10 MoAb (UBI; Euromedex, Souffelweyersheim, France)

cein isothiocyanate (FITC)-labeled monoclonal antibodies (MoAbs).was used in Western blotting to analyze the tyrosine phosphorylation
CD34 (HPCA-2) was purchased from Becton Dickinson (Mountain status of PRR2.
View, CA). CD33 (D3HL60.251), CD14 (RMO52), CD41 (P2), glyco- Immunohistochemistry.Immunodetection of PRR2 and PECAM-1/
phorin A (11E4B-7-6), and CD19 (J4.119) were purchased fromCD31 were performed on frozen sections (5 um) of human placenta
Immunotech (Marseille, France). using the R2.477 and the PECAM-1/CD31 MoAbs. Specimen were

The MoAbs directed against PRR2 (R2.477 and R2.525) and PVRprocessed with the Universal Dako Kit ChemMate according to the
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Fig 1. Expression of PRR2 in human bone marrow cells and endothelial cells. (A) Bone marrow cells were doubled stained with the indicated
MoAbs and the MoAb R2.477 as described in Materials and Methods. Fluorescence density plots were gated on specific regions defined on
scatter plot. The bottom-left quadrant was defined according to an isotypic-matched control antibodies. The percentage represents the number
of PRR2-expressing cells in each lineage. (B) FACS analysis of PRR2 and PECAM-1 expression in HUVEC. HUVEC were stained either with the
MoAb R2.477 or the MoAb anti-PECAM-1. Each fluorescence distribution was superposed and compared with the background fluorescence
distribution of an isotypic-matched control antibody.
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Fig 2. Immunohistochemical detection of PRR2 in endothelial cells. Frozen sections of human placenta were stained with either an
isotypic-matched control antibody (A), the R2.477 MoAb (B), or the PECAM-1/CD31 MoAb (C) as described in Materials and Methods. Slides were
observed by light microscopy at 40x magnification.

supplier’s recommendations and counterstained for 5 minutes in Harrigt 13,000 rpm for 15 minutes at 4°C. They were incubated for 1 hour at

hematoxylin and mounted in Dako glycergel mounting medium. 4°C with 5 pg of R2.477 antibody and 50 pL of protein A Sepharose
Cell transfection. The PRRZ& and 8 cDNAs were cloned in the (Pharmacia, Uppsala, Sweden). Immune complexes were washed three

LXSN vector and then transfected in Da-1 cells. The extracellulartimes with cold lysis buffer, heated in SDS-sample buffer, separated by

region of PRR2 (aa 1 to 347) was cloned in frame with the Fc fragmentgel electrophoresis, semi-dry transferred to polyvinylidene difluoride

of the human IgG1 sequence using the Cos Fc Link vector (SmithKlinemembranes (Immobilon-P; Millipore, Boston, MA), and immunoblot-

Beecham Pharmaceuticals, King of Prussia, PA). CHO DG44 cells werdéed with a 1:10,000 dilution anti-PRR2 immunesera.

then transfected with PRR2-Fc plasmid to produce an Fc-tagged PRR2

soluble receptor.

Transfection of Da-1 and CHO DG44 cells was performed with A B
Lipofectin according to the manufacturer’s protocol (Life Technologies,
Inc). kDa. 1 2 3 1 2 3

Production and purification of soluble chimeric PRR2-Fc protein.
CHOSFMII medium was harvested every 4 days and storee?@°C.
Approximately 1 L of supernatant was filtered and loaded on a 5-mL
Affigel protein A column according to the manufacturer’s protocol
(Bio-Rad, Hercules, CA). After washing, the PRR2-Fc protein was
eluted with a 0.1 mol/L citrate buffer, pH 3.5, concentrated, and
dialyzed against phosphate-buffered saline (PBS). Purification steps
were monitored by enzyme-linked immunosorbent assay (ELISA) using
a sandwich revelation system composed with coated antibody against
human Fc (Sigma, St Louis, MO) and biotinylated R2.477 antibody.

Purity and quality of the protein were controlled by gel electrophore-
sis followed by silver gel staining (Bio-Rad). As shown in Fig 6B,

Western blot analysis of purified PRR2-Fc molecule showed a molecu- IP: R2.477 R2.477
lar weight of 80 kD.
The B7.1-Fc protein, used as an irrelevant control, was kindly WB: PRR2a PRR2b
provided by Dr R. Sweet (SmithKline Beecham Pharmaceuticals) and
was produced similar to PRR2-Fc. Fig 3. Biochemical characterization of huPRR2«a and PRR23. Da-1

Immunoprecipitation and Western blot analyse€ells (5x 105 (1), Da-1/PRR2a (2), and Da-1/PRR25 (3) cell lines were lysed and
were lysed in ice-cold lysis buffer containing 1% Triton X100, 10% immunoprecipitated with MoAb R2.477_as described in Ma_terlals and
glycerol, 0.1% sodium dodecyl sulfate (SDS), 50 mmol/L HEPES Methods. Blots were then incubated with a 1/10,000 rabbit immune

serum directed against PRR2a (A), PRR23 (B), or both (C). a and &
buffer, pH 7.5, 150 mmol/L NaCl, 1.5 mmol/L Mg&ll mmol/L EGTA, isoforms of PRR2 were indicated and the calculated molecular

10 pg/mL aprotinin, 10 pg/mL leupeptin, and 1 mmol/L phenylmethyl- \yeights were 64 and 72 kD, respectively. The band at 50 kD corre-
sulfonyl fluoride. Orthovanadate (1 mmol/L) was added in the case Ofsponds to the heavy chain of MoAb R2.477. Molecular weight

phosphotyrosine analysis. Cell lysates were clarified by centrifugatiormarkers were from Biolabs.
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Fig4. Aggregation of PRR2 transfectants. Da-1 cells transfected either with the LXSN vector (A), PRR2« (B), or PRR23 (C) constructions were
then plated on to 96 mutliwell plates. After 2 hours, aggregation was observed by light microscopy. Control cells did not aggregate in these
conditions.

PRR2-Fc protein was shown by immunoblotting using a peroxidase-incubated for 15 minutes at 37°C, washed three times with PBS, and
conjugated antibody directed against human Fc fragment (Jacksothen fixed with PBS containing 2% formaldehyde (Fluka, St Quentin
ImmunoResearch, West Grove, PA). Fallavier, France). Cell adhesion was analyzed by microscopy and

Chemical cross-linking. Before cross-linking, 5< 10° Da-1/PRR2 photomicrographs were taken at the edges of the spots of soluble
aggregated cells were dissociated by agitation and then incubated with firoteins.
mmol/L of Bis (sulfosuccinimidyl) suberate (BS3) cross-linker (Pierce).  Confocal immunofluorescence analysis of PRR2ession. HUVEC
This concentration gives maximum cross-linking efficiency. After 15 were cultured on coverslips, fixed with 3% paraformaldehyde for 20
minutes at 14°C, the reaction was quenched by the addition of 10minutes, and indirectly stained with the R2.477 MoAb and goat
mmol/L ammonium acetate. Cells were washed twice with PBS andantimouse Ig conjugated to FITC (Immunotech). Serial optical sections
counted to confirm that no aggregation of suspended cells had occurrediere collected using a TCS 4D Leica laser scanning confocal micro-
Cells lysis, immunoprecipitation, and Western blot analyses werescope (Heidelburg, Germany). Microscope settings were adjusted so
performed as described in the previous paragraph. that black level values were obtained with a mouse IgG1 isotypic

Aggregation assays.Experiments were performed as previously control.
described?® Briefly, Da-1/PRR2 cells were suspended in complete
medium at 1x 10° cells/mL and transferred to polystyrene tubes. RESULTS

'n.CUbat'on was perform.ed at 37°C and aliquots were taken every 15 PRR2 expression in hematopoiesi®orthern blot analysis
minutes after gentle mixing. The number of aggregate3 ¢ells) were

counted in a hemocytometer. Mixed-cell aggregation experiments wenl,Jas shown that PRRZ_ is expressed in various tissues, lnclgdlng
performed with Da-1 cells stained with 0.5 pmol/L of CM-Dil dye as bone_ marrow cell$.This apP“?aCh does not allow us to define
recommended by the manufacturer (Molecular Probes, Eugene, OR)Tecisely which hematopoietic cells express PRR2. We there-
and Da-1/PRR2 cells at a 1:1 ratio. fore developed MoAbs against PRR2 molecules. FACS analysis
PRR2-Fc binding assays.Three different populations of Da-1/ of bone marrow cells demonstrated that PRR2 was expressed in
PRR2 cells were sorted according to the membrane levels of PRR2 and6% of the progenitor compartment defined by the expression
further put into culture. After 10 days, cells were controlled for the of the CD34 antigen (Fig 1A). Similar results were obtained
expression of PRR2 and the t_hree populations were named Da-1/PRRRith cD34+ cells purified from mobilized peripheral blood
lo (low), Da-1/ P.RRZ me (medium), and Da-1/PRR2 h'.(h'gh)' 2(data not shown). PRR2 expression was also detected in the
Each population of Da-1/PRR2 cells was analyzed in a test of PRR myelo-monocytic compartment, ie, in 88% of CD3and in

soluble receptor binding. Briefly, Da-1/PRR2 cells X1 10°) were o .
washed three times with cold PBS/bovine serum albumin (BSA) and95/0 of CD14 cells. PRR2 was also expressed at a low level in

incubated for 1 hour at 4°C with 40 pg/mL of PRR2-Fc protein. After € megakaryc_)cytlc lineage (50%). Expression of PRR2 on
two washes with the PBS/BSA buffer, cells were incubated for 30 CD19-expressing cells was found to be negative or low. No
minutes at 4°C with a 1:60 dilution of phycoerythrin-labeled goat €xpression was detected in the glycophorin A-expressing cells.
antihuman 1gG (Immunotech). Cells were washed three times in theAmong peripheral blood cells, PRR2 expression was predomi-
PBS/BSA buffer, and pellets were resuspended in 200 pL of PBSpantly detected on monocytes (89%) and slightly on polymor-
PRR2-Fc binding was analyzed using a FacScan cytometer (Bectophonuclear cells (data not shown).
Dickinson). , _ PRR2 was expressed in greater than 98% of HUVEC. FACS
A,dhefé'o”, assays.Experiments were performed as previously de- 5n\ygis showed that PRR2 expression is homogenous and
sgrlbed. Briefly, 3.5-_rT1m tlss_ue culture Petri dishes were first co_at_ed weaker than PECAM-1 expression (Fig 1B). PRR2 was equally
with methanol-solubilized nitrocellulose and then with polyornithin .
(1.5 pg/mL; Sigma). Three-microliter spots of different soluble proteinsexmesseCI in HUVEC, EaHy926, anq E_CV304 Cglls (data. not
(PRR2-Fc or B7-1-Fc) at concentrations of 200 pg/mL were applied inS"OWn). The R2.477 MoAb was used in immunohistochemistry
triplicate to the nitrocellulose/polyornithin-coated surfaces and incu-(IHC) on frozen sections of normal human placenta to confirm
bated for 12 hours at 37°C in a humidified atmosphere. Spots werdhat PRR2 was actually expressed in endothelial cells. PE-
washed three times with €a and Md¢**-free PBS. Cells were then CAM-1 expression was analyzed, as a control, by IHC in
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parallel on serial sections. PRR2 immunostaining was detecteA25 T
in endothelial cells from vessels located inside the placenta
villi (Fig 2B) and was weaker than PECAM-1 immunostaining
in the same vessels (Fig 2C). These differences in expressic  , |
levels are in agreement with the profiles of expression detecte
by FACS analysis on cultured endothelial cells (Fig 1B). A faint
PRR2 immunostaining was also detected by IHC in trophoblas
tic cells lining the placental villi (Fig 2B), indicating that PRR2
expression is probably not restricted to endothelial cells.

Biochemical characterization of the two PRR2 isoforms
(PRR3 and ). We previously identified two transcripts of
3.0 and 4.4 kb corresponding to PRR2nd3 cDNAs. Cells of
a murine hematopoietic cell line Da-1 were transfected with the
PRR2x andd cDNAs to analyze the proteins encoded by the
two transcripts. Western blot analyses of Da-1/PRRéhd
Da-1/PRR3 cells are represented in Fig 3Aand B, respectively.
After immunoprecipitation of PRR2 with the R2.477 MoAb, a
unique band of 64 kD was detected with the immuneserun
directed against the C terminal region of PRRh Da-1/
PRR2x cells (Fig 3A, lane 2), but not in control cells or minutes
Da-1/PRR3 cells. The immuneserum directed against the C
terminal region of PRR® detected a 72-kD band in Da-1/

PRR® cells only (Fig 3B, lane 3). Identical results were B 27
obtained with the R2.525 and BC-12 MoAbs (data not shown).
Tunicamycin treatment of both transfectants reduced the molect
lar weight of both proteins, suggesting that PRRR-glycosylated
(data not shown).

PRR2 mediates intercellular homophilic adhesio®oth
Da-1/PRR2 and & cells formed aggregates with a similar
phenotype, whereas control Da-1 cells did not (Fig 4). To link
cell aggregation with PRR2 expression, aggregation experi
ments were performed with Da-1/PR&kand Da-1/PRR&and
compared with Da-1 cells (Fig 5). For both transfectants, an
increase in the number of aggregates was observed as a functis
of time, with a maximum reached between 30 and 45 minutes 54
Da-1 control cells do not aggregate in the same conditions (Fig
5A). To precisely measure the contribution of both forms of
PRR2, aggregation experiments were performed in the presenc 0 J
of either the soluble PRR2-Fc protein or the fab fragment of the
MoAb R2.477. In both cases, aggregation of transfectants wa
strongly decreased, demonstrating that PRR2 mediates ce
aggregation (Fig 5B). Mixed-cell aggregation experiments
between transfectants and CM-dil-stained Da-1 cells demon- rig 5. Aggregation assays of PRR2 transfectants. (A) Short-term
strated that aggregates were exclusively formed with unstainedginetic. Values are the mean * SE for three independant experiments
cells (data not shown). These results strongly suggest that PRR#d correspond to the number of aggregates (n > 3 cells) per
mediates aggregation via a homophilic mechanism. microliter. (M) Dal/PRR2a« cells; (O0) Dal/PRR23 cells; (x) Dal cells. (B)

To demonstrate further the homophilic properties of PRR2 PRR2-Fc (20 pg/mL) or fab fragment of R2.477 MoAb (20 pg/mi)

’inhibits aggregation. The number of aggregates was counted after 60
two additional experiments were performed. First, PRR2-FCminutes of incubation. (7) Dal; (M) Dal/PRR2a; (0) Dal/PRR25. The
binding was analyzed by FACS analysis on three populationsnock control corresponds to a murine irrelevant IgG1 (20 pwg/mL).
derived on the basis of their level of PRR2 expression (Da-1/
PRR2: lo, me, and hi and Da-1/PRR2lo, me, and hi). The differences of fluorescence signal intensity between PRR2
Expression analyses of Da-1/PRRI®, me, and hi populations expression and PRR2 binding could result from a difference in
are represented in Fig 6A. Their respective mean fluorescencaffinities between the MoAb R2.477 and the PRR2-Fc protein.
intensities (MFI) were 180, 395, and 750. As shown in Fig 6B, Similar results were obtained with PRR#&ansfectants. Sec-
the binding of PRR2-Fc was proportional to the expression ofond, adhesion experiments of transfectants to coated PRR2-Fc
PRR2x at the cell surface, whereas the binding to the controlplates were performed. Da-1/PR&khi and Da-1/PRR& hi
LXSN cells was lower than in transfected cells. Analysis of cells adhered specifically to PRR2-Fc but not to B7.1-Fc
PRR2-Fc binding as a function of PRR2 expression showed @roteins used as a negative control (Fig 7C through F). This
linear relationship between the respective MFI signals (Fig 6B).binding was independent of the presence of divalent cations

number of aggregats/ul

0 15 30 45 60

number of aggregats/ul

none
none
+ mock
none
+ mock

+ PRR2-Fc
+ PRR2-Fc

™~
N
N
o
-4
o
<
u

+

+ Fab R2.477

20z Ae 8z uo 3sanb Aq ypd z09t/€¥86+791/209v/C |L/26/4Pd-8loie/poo|geu suoledlqndyse//:diy wouy papeojumoq



PRR2 IS A NEW HOMOPHILIC ADHESION MOLECULE 4607

A 200w

counts

100 10! 102 10
PRR2 expression

20 O

]
(-]

Fig 6. PRR2-Fc soluble receptor binds to PRR2
transfectants. (A) FACS analysis of Da-1 (continuous
black) and Da-1/PRR2a lo (continuous gray), me
(dashed black), and hi (dashed gray) stained with
R2.477 MoAb. (B) FACS analysis of these transfec-
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(data not shown). The CD28-transfected cells (DWT6.11) werecould be identified with molecular weights similar to those
used as a positive control for B7.1-Fc—coated plates (Fig 7G antbund in Da-1/PRR& and Da-1/PRR&cells. They correspond
H). Preincubation of Da-1/PRR2hi cells with the fab fragment  probably to the two PRR2 isoforms (Fig 9B). After cell surface
of the MoAb R2.477 totally inhibited adhesion to PRR2-Fc— cross-linking, three additional bands at 118, 128, and 136 kD
coated plates (data not shown). were shown and are likely homodimers and heterodimers. The
PRR2 is expressed on endothelial cell@ecause PRR2isa 118- and 128-kD bands were specifically shown with the
homophilic adhesion molecule expressed on endothelial cellsanti-PRR2 serum, and the 128-and 136-kD bands were shown
the distribution of the molecule was investigated by confocalwith the anti-PRR&2 serum (data not shown). Thus, the
immunofluorescence microscopy. The localization of PRR2 onintermediate 128-kD band corresponds to a heterodimeric
cultured HUVEC was compared with that of PECAM-1/CD31. PRR2/PRR3 form as it is recognized by both sera, whereas
Analysis of the distribution in nonconfluent HUVEC showed the 118- and 136-kD bands represent the homodimeric forms of
that PRR2 expression (Fig 8B), like that of PECAM-1/CD31 PRR2x and PRR8, respectively. Although these results were in
(Fig 8C), was concentrated at the intercellular borders ofagreement with those presented in Fig 9A, it could be noted
cultured cells but was absent at the free cellular edges. Thed#at, even after a prolonged trypsinization (10 minutes), ECV304
observations suggest that PRR2 could be involved in thecells were not completely dissociated. Thus, in ECV304 cell
physiological functions of vascular endothelium as describedine, we cannot exclude that PRR2 dimerization occurs exclu-
for other homophilic adhesion molecules (for review, seesively through cis-interactions. Dimeric forms of PRR2 in
Dejand’). ECV304 were only shown after a long-time exposure of
Dimerization and phosphorylation of PRR2As shown in  Western blots, suggesting that they were less abundant than in
Fig 3A and B, the 64- and 72-kD bands correspond toPRR2 transfectants. A relationship between PRR2 dimerization
monomeric forms of PRR2and PRR2, respectively. To detect and homophilic aggregation was further established by cross-
multimeric forms of PRR2, cell surface proteins were chemi-linking experiments performed on the hematopoietic TF-1 cell
cally cross-linked with BS3 before immunoprecipitation. As line that also expressed PRR2 but did not form aggregates
shown in Fig 9A, cell surface cross-linking of PRR2 transfec- during cell culture. As for the ECV304 cell line, the two PRR2
tants showed additional bands at approximately 118 and 136 klisoforms were detected at similar molecular weights, but no
that probably correspond to the dimeric forms of PRRRad  dimeric forms of PRR2 could be detected after cross-linking,
PRR2x, respectively. Because cross-linking was performedeven after a long exposure time (Fig 9C).
after dissociation of aggregated cells, this suggests that the Intracytoplasmic phosphorylation of adhesion receptors has
observed PRR2 homodimerization results frominteractions  been frequently described in heterophilic and homophilic
within the membranes of individual cells rather than from aggregation processes. Because the cytoplasmic regions of the
trans-interactions. two hPRR2 forms contain tyrosine residues (2 for hPRR&d
Dimerization was further investigated with ECV304 endothe- 8 for hPRR3), we tested a possible tyrosine phosphorylation in
lial cells that constitutively express PRR2 (Fig 1B). Two bandsDa-1/PRR2&hi and PRRahi. Western blot analysis performed
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PRR2-Fc B7.1-Fc

Fig 7. Adhesion assays of PRR2 transfectants. Adhesion assays of Da-1/PRR2a hi and Dal/PRR2§ hi on either PRR2-Fc (A, C, E, and G) or
B7.1-Fc (B, D, F, and H) —coated petri dishes as described in Materials and Methods. Adhesion was observed by light microscopy. No or slight
binding was observed with control Da-1 cells (A and B), whereas Da-1/PRR2a hi adhered specifically on PRR2-Fc-coated petri dish (C and D),
similar to Dal/PRR23 hi (E and F). The CD28-expressing cells adhere specifically on B7.1-Fc protein (G and H).
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Fig 8. PRR2 expression on HUVEC by confocal microscopy. After
trypsinization, HUVEC were plated on coverslips for 6 hours. Noncon-
fluent HUVEC were stained with an isotypic-matched control anti-
body (A), the MoAb R2.477 (B), and the MoAb against PECAM-1/CD31
(C) and then with goat antimouse FITC antibody. Confocal acquisi-
tions were then performed at a 63 x magnification.

with an antiphosphotyrosine MoAb showed that PRR2as

4609

DISCUSSION

We previously described PRR2, a new cell surface molecule
homologous to the poliovirus receptor (PVR/CD155). This
molecule belongs to the IgSF and is composed of three Ig
domains of V, C2, and C2 types. Two cDNA isoforms were
cloned and both transcripts were ubiquitously found among the
various human tissues testeimcluding bone marrow cells and
HUVEC.

The present study demonstrates that, in hematopoiesis, PRR2
expression is restricted to the myelo-monocytic and megakaryo-
cytic lineages and detected at the surface of the hematopoietic
progenitor cells expressing the CD34 antigen (Fig 1A). How-
ever, Aoki et d reported that the mouse homologue of PRR2
(mPRR2) was expressed in greater than 90% of B cells purified
from the spleen, and no expression was detected on monocytes,
T cells, and NK cells. The discrepancy between our results and
those reported by Aoki et &tould be explained by the fact that
analyses were performed on cells isolated from different tissues.
Alternatively, as shown for other cell surface receptors, the
human and murine PRR2 molecules could have different
expression patterns. Recently, PRR2 expression was described
on human monocyte's.

Western blot analysis of immunoprecipitated PRR2 isoforms
showed two bands of 64 and 72 kD corresponding to RRR2
and PRR8, respectively (Fig 3). The same molecular weights
were observed with TF-1 and ECV304 cells (Fig 9).

Transfection of either the short or the long form of PRR2 in
the murine hematopoietic cell line Da-1 induced aggregation of
the cells in culture (Fig 4). We demonstrate that both isoforms of
PRR2 could mediate adhesion by an homophilic mechanism
(Figs 5, 6, and 7).

PRR2 isoforms form dimers at the surface of Dal/PRR2
cells, probably bycis-interactions (Fig 9A). Interestingly, no
dimeric forms of PRR2 were detected in the TF-1 cell line (Fig
9C). This could explain the failure of hematopoietic cells that
constitutively express PRR2 to form aggregates. Because the
expression level of PRR2 in TF-1 is lower than that in the
transfectants and because the aggregation of Dal/PRR2 cells
was directly correlated with the PRR2 expression level, we can
speculate that aggregation could be proportional to the cell
surface expression level of dimeric PRR2. The functional
significance of this dimerization is unknown. One can speculate
that cis-dimerization is correlated with cell surface expression
levels and that it contributes to strengthen adhesion, as sug-
gested for other adhesion molecul&3!

Preliminary long-term culture experiments using a human
bone marrow stromal layer showed no differences in colony
formation in the presence or absence of the blocking MoAbs
R2.477 (results not shown). The contribution of PRR2 could be
masked by the presence of many other adhesion molecules
expressed at the cell surface of the CD3togenitors. Other
homophilic receptors, such as the CD66, which belongs to the
carcinoembryonic family, and the ALCAM/HCA antigen, ex-
pressed on hematopoietic cells, could mediate homophilic
interactions with no clear associated functféf3 Only the

strongly phosphorylated on tyrosine residues in both monoPECAM-1/CD31 molecule mediates homotypic homophilic
meric and dimeric forms (Fig 9D). No phosphorylation was interactions between endothelial cells and heterotypic homo-

detected for PRRR (data not shown).

philic interactions between leukocytes and endothelial cells
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Fig 9. PRR2 dimerization and phosphorylation. (A) Da-1/PRR238 me and Da-1/PRR2a me transfectants were immunoprecipitated with PRR23
and PRR2a« antisera, respectively. The ECV304 (B) and the TF-1 (C) cell lines were immunoprecipitated with the MoAb R2.477. Immunoprecipita-
tion was performed in the absence (—) or presence (+) of BS3 cross-linker. Blots were then hybridized with a mix of PRR2a and PRR2&
immunesera. (D) Da-1/PRR23 hi cells were immunoprecipitated with the PRR28 immuneserum and blot was first analyzed with the 4G10 MoAb,
stripped, and incubated with PRR23 immuneserum. Molecular weight markers were from Biolabs. a/a and 8/ represent PRR2a and PRR23
homodimeric forms, respectively. a/3 represents the PRR2a and PRR28 heterodimeric form.
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concentrated at the intercellular borders of adjacent endothelial
cells (Fig 8B). No PRR2 concentration was observed at the free
edges of the cell layer. Because both isoforms of PRR2 could 1. Simmons DL: Dissecting the modes of interactions amongst cell
homodimerize or heterodimerize at the cell surface of endothe2dhesion molecules. Dev Suppl 193, 1993

lial cells (Fig 9B), we speculate that dimers are only formed at 2- Mendelsohn CL, Wimmer E, Racaniello VR: Cellular receptor for
the cellular junction, thus mediating homophilic interactions. poliovirus: Molecular cloning, nucleotide sequence, and expression of a

. .new member of the immunoglobulin superfamily. Cell 56:855, 1989
Altogether, these observations could suggest that PRR2 is 3. Lopez M, Eberle F, Mattei MG, Gabert J, Birg F, Bardin F, Maroc

involved in leukocyte transendothelial migration. C, Dubreuil P: Complementary DNA characterization and chromo-
Most of the adhesion receptors may also reflect interactiongomal localization of a human gene related to the poliovirus receptor-
that are important for signal transduction as described for thencoding gene. Gene 155:261, 1995
CD66 and PECAM-1/CD31 antigens. These molecules can be 4. Eberle F, Dubreuil P, Mattei MG, Devilard E, Lopez M: The
tyrosine phosphorylated in their cytoplasmic regi®# We human PRR2 gene, related to the human poliovirus receptor gene
observed that the long form of PRR2 was phosphorylated oPVR), is the true homolog of the murine MPH gene. Gene 159:267,
tyrosine residues when cells are aggregated in culture (Fig 9D)1995 _ _ _ _ _
Atthe present time, we do not know whether phosphorylation is ?alfsé';;is'THlf’l:)';;'o'sA‘? #rikgcfﬁloéirzzsgg:pﬂ'r ';L(’)'t‘; r’:li‘sTr?rlz)%uuccr:d
d!rectly linked to the hpmophlllc e.'ngagem.ent. of the mpleculesboth as membrane-bound and secreted forms. EMBO J 9:3217, 1990
either in an outside-in mechanism or, indirectly, via other

A . A X 6. Koike S, Ise I, Sato Y, Yonekawa H, Gotoh O, Nomoto A: A
conjugated molecules in an inside-out meChan'sm' second gene for the African green monkey poliovirus receptor that has
As for CD66 and CD31, hPRRZontains a YXXL sequence ng putative N-glycosylation site in the functional N-terminal immuno-
in its cytoplasmic region. This sequence is conserved betweeglobulin-like domain. J Virol 66:7059, 1992
hPRR3 and mPRR2 and could serve as recognition sequence 7. Morrison ME, Racaniello VR: Molecular cloning and expression
for SH2 domains of cytoplasmic kinases and phosphatases. of a murine homolog of the human poliovirus receptor gene. J Virol
Whereas PRR2 belongs to a new family of at least three56:2807, 1992
receptors related to the PVR/CD155 molecule (PVR, PRR1, 8- AokiJ, Koike S, Ise I, Sato YY, Nomoto A: Amino acid residues
and PRR2) and expressed in hematopoisigcent reports on rgr::an gcgléogzgi rigggtor involved in interaction with poliovirus. J
ol Chem : ,
demonst_rated th_at these molecules were also receptors fgr'gl Aoki J, Koike S, Asou H, Ise I, Suwa H, Tanaka T, Miyasaka M,
herpes simplex viruse§:2°

. e . . ... Nomoto A: Mouse homolog of poliovirus receptor-related gene 2
The Identlflcatlgn of .the .role of this new antlggn family is product, mMPRR2, mediates homophilic cell aggregation. Exp Cell Res
currently under investigation and should contribute to theszs:374, 1997

understanding of cellular interactions in normal and pathologi- 10. Kitamura T, Tange T, Terasawa T, Chiba S, Kuwaki T, Miyagawa
cal hematopoiesis. K, Piao YF, Miyazono K, Urabe A, Takaku F: Establishment and
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