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ABSTRACT

Herein we show that engagement of CD31 delivers a survival signal in chronic lymphocytic
leukaemia (CLL) cells. We describe two groups of CLL, showing a different kinetics of apoptosis
in vitro and distinct ratios between anti-apoptotic and pro-apoptotic proteins: CLL-I displayed low
Bcl-xp/Bax and Bcl-2/Bax ratio and underwent rapid apoptosis in vitro; CLL-II had high Bcl-
xp/Bax and Bcl-2/Bax ratio and were resistant to apoptosis for several days. Nurse-like cells,
expressing vimentin, CD68 and CD31 were detected mainly in CLL-II cultures. Of note, CD31
cross-linking, obtained with a specific monoclonal antibody (mAb), induced PI-3K-dependent Akt
phosphorylation and nuclear translocation of the NF-kBp65 and p52 subunits in both CLL groups,
leading to up-regulation of Bcl-2 and Bcl-xi. transcription and increased cell survival. Binding to
CD31" stable transfectants, could also deliver an anti-apoptotic signal in B cells of both CLL-I and
CLL-II, increasing the Bcl-2 and Bcl-xi. protein content, regardless the expression of CD38. On the
other hand, the addition of the F(ab’), (that is unable to oligomerize the target molecule) of the anti-
CD31 mAb prevented these effects. These data suggest that CD31 adhesion system may play a role

also in vivo in maintaining CLL survival.
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INTRODUCTION

Accumulation of long-lived, mature monoclonal B cells in peripheral blood, bone marrow and
lymphoid tissues has long been recognised as the central feature of chronic lymphocytic leukaemia
(CLL) (Rai and Patel, 1999; Meinhardt et al, 1999; Danilov et al, 2006). Then, it has become evident
that proliferation signals are crucial for the progression of the disease (Chiorazzi et al, 2005;
Calissano et al, 2009). Nevertheless, CLL cells are resistant to both programmed cell death and to
standard chemotherapy (Kitada et al, 1998; Rai and Patel, 1999; Meinhardt et al, 1999); indeed, CLL
show high levels of transcription of anti-apoptotic proteins belonging to the Bcl-2 family, while pro-
apoptotic proteins as Bax are not increased (Schena et al, 1992; McConkey et al, 1996; Kitada et al,
1998). Despite this, CLL undergo spontaneous apoptosis in vitro (Collins et al, 1989; Sanz et al,
2004), thus implying that ex-vivo conditions lack important survival signals conceivably delivered
from microenvironment (Meinhardt et al, 1999; Caligaris-Cappio, 2003). Indeed, CLL can be
rescued from apoptosis by co-culture with bone marrow stromal cells, due to increased expression of
Bcl-2 and activation of cell cycle-associated kinases (Panayoditis et al, 1996; Lagneaux et al, 1998;
Ringhausen et al, 2002; Longo et al, 2007). These observations indicate that positive signals
occurring in the bone marrow may by-pass pro-apoptotic signals and sustain prolonged survival of
CLL.

We and others have shown that the CD31 adhesion molecule can protect from starvation induced
apoptosis both CD34" hemopoietic precursors and endothelial cells, due to the activation of PI-3K-
dependent phosphorylation of Akt and induction of Bcl-2 and Bcl-x;, antiapoptotic proteins, but not
of pro-apoptotic proteins such as Bax (Ferrero et al, 2003; Gao et al, 2003). In CLL, CD38
engagement by CD31 has been reported to deliver a survival signal in leukemic B cells; in particular,
CD38"CLL would receive such signal upon binding to CD31" nurse like cells (NLC) in the bone
marrow (Deaglio et al, 2006; Deaglio et al, 2010). Besides NLC, CD31 is expressed on multiple cell
types, including endothelial cells, platelets and healthy peripheral blood mononuclear cells (PBMC)

(DeLisser et al, 1994; Newman et al, 1997), thus making it possible that several types of interactions
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occur in the bone marrow between leukemic cells and other components of the microenvironment.
However, there are reports showing that the CD38/CD31 couple does not deliver a survival signal in
CLL (Tonino et al, 2008).

Herein we show that: 1) two groups of CLL can be defined, on the basis of Bcl-x;/Bax and Bcl-
2/Bax ratios; 2) oligomerization of CD31 at the surface of CLL induces PI-3K-dependent Akt
phosphorylation, NF-kB nuclear translocation and transcription of Bcl-x;, and Bcl-2, but not that of
Bax, thus increasing Bcl-x;/Bax and Bcl-2/Bax protein ratios; 3) this signal leads to prolonged
survival of CLL in vitro; 4) interactions between CD31 expressed by CLL and CD31-expressing

transfectants leads to the same results, regardless the expression of CD38 by CLL.

MATERIALS AND METHODS

Patients. Thirty untreated patients with CLL were studied, provided IRB-approved informed
consent, at the Clinical Haematology Division (Department of Haematology and Oncology,
University of Genoa). The patients met the diagnostic criteria of the National Cancer Institute
Working Group (NCI-WG) (Cheson et al, 1996) and were staged according to the Rai modified
criteria (Rai and Han, 1990) as low risk (LR), intermediate risk (IR) and high risk (HR). Their
clinical features and risk factors are summarized in table 1. Progressive disease is defined as a

change in the clinical features (i.e. from LR to IR or from IR to HR or from LR to HR).

Isolation of B cells, cell culture and apoptotic assay. Peripheral blood mononuclear cells (PBMCs)
were isolated from CLL patients by density gradient centrifugation as described (Poggi et al, 2004).
Cells were then cultured (2x10° cells/ml) in 24w flat bottomed plates (Corning Inc., Corning, NY
14831, USA) in culture RPMI medium with 10% FCS supplemented with penicillin, streptomycin
and L-glutamine (all from Biochrom, Berlin, Germany) for different time periods (1, 3, 5, 7, 9, 14
days) at 37°C, recovered and used for the apoptotic assay. For CD31 cross-linking experiments,

purified B cells were obtained from CLL patients, after depletion of monocytes by plastic adherence

4



Page 5 of 33 British Journal of Haematology

©CoO~NOUTA,WNPE

A. Poggi et al. PECAM-1 signalling in CLL

and addition of autologous red cells to PBMCs at 30:1 ratio, with the RosetteSep B cell enrichment
kit (StemCell Technologies, Vancouver, Canada) and were >98% pure as assessed by CD19 staining
(not shown). Cross-linking of CD31 (CD31-XL) was obtained by incubating B cells (2x10° /sample)
with the specific M89D3 (IgG2a, 1pg/ml; now also achievable from BD Biosciences), that
recognizes an activating epitope of the molecule (Poggi et al, 2003; Ferrero et al, 2003), purified
from the producing hybridoma by affinity chromatography and prepared as described (Ferrero et al.,
2003), for 20 min at 4°C. Cells were then added to 24 well flat-bottomed plates (Becton Dickinson,
Oxnard, CA) coated with GAM (Sigma, 10pg/ml) and cultured for different time periods (1, 3, 5, 7,
9, 14 days) at 37°C; an unrelated murine mAb, UmAb-XL (1pg/ml, Sigma Chemicals Co. St. Louis
MO), was used as a negative control. In some experiments B cells (10° /sample) were co-cultured on
confluent monolayers of CD31 stable transfectants (D12P) or pcDNAIneo mock transfected
(MOCK) or wild type NIH 3T3 cells, in the absence or presence of the F(ab’), of the M89D3 mAb
(1ug/ml), fragment that does not oligomerise the molecule and do not deliver a signal (Poggi et al,
2003; Ferrero et al, 2003). In other samples, PBMC (instead of purified B cells) from CLL patients
were cultured either in the absence or presence of the F(ab’), of the M89D3 mAb. Apoptotic events
were evaluated by annexin-V labeling method, to show the exposure of phosphatidyl-serine at the
external side of the plasma membrane, according to the manufacturer’s protocol (Bender
MedSystem GmBH, Vienna, Austria). B cells were identified by staining with an allophycocyanin
(APC)-conjugated anti-CD19 mAb (BD Pharmingen). Apoptotic cells were differentiated from
necrotic cells by flow cytometry (Cyan ADP cytofluorimeter, Beckman-Coulter S.p.A., Milan,
Italy), after PI staining of non-permeabilized cells. At least 10* cells per sample were analysed and
apoptotic cells were identified as annexin V'PI" cells (Ferrero et al, 2003). In some experiments,
5x10° cells were washed and analysed on Cyan ADP after permeabilisation and PI staining to
analyse DNA staining and to identify cells with DNA<2n as apoptotic cells (Ferrero et al, 2003).

Viable, non apoptotic cells were evaluated by gating on CD19" B cells, as annexinV'PI cells.
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Immunofluorescence and confocal microscopy. Samples from CLL cells were cultured for 10 days
on glass slides (106ce11s/mL); then, slides were washed to remove non-adherent cells and fixed in
ice-cold 2% paraformaldehyde solution for 10 min. Surface staining was performed with the anti-
CD14 (IgG1) monoclonal antibody (mAb) purchased from BD Pharmingen Europe (Milan, Italy), or
the anti-CD68 mAb (Ki-M7, IgG1) from Serotec (Kidlington, OXS5 1GE, UK) or the anti- CD31
mAb M89D3. Intracytoplasmic staining on permeabilised cells with 1% NP-40, was performed with
the anti-prolyl-4-hydroxylase (P4H, IgGl) from Dako Italia (Milan, Italy) or the anti-vimentin
(hVIN-1, IgGl) from Sigma followed by Alexa 647-conjugated anti-isotype goat anti-mouse
immunoglobulins (GAM) (Invitrogen Molecular Probes Europe BV, Leiden, NL). Samples were
then analysed by FV500 (Fluoview confocal Laser Scanning Microscope System, Olympus Europe
GMBH, Hamburg, Germany) equipped with an He-Neon Red laser at 633nm to excite AlexaFluor
647 dye and associated to a IX81 motorized microscope (Olympus). Samples were observed with
PlanApo 40x NAI1,00 or 60x NA 1,40 oil objectives and data analysed with FluoView 4.3b
computer program (Olympus). Surface staining for CD19 or CD38 and cytoplasmic staining for
Zap70 were performed with the APC-conjugated anti-CD19 mAb or the phycoerythrin (PE)-
conjugated anti-CD38 mAb (BD Pharmingen) or with the Alexafluor 488-conjugated anti-Zap70
(CALTAG Labs., Burlingame, CA, USA) as described and this method was validated with a
semiquantitative western blotting (Scielzo et al, 2006) and samples were analysed on a Cyan ADP

cytofluorimeter (Beckman-Coulter).

mRNA isolation, reverse transcription and Q-RT-PCR for SDF-1, Bcl-2, Bcl-x; and Bax.

Adherent cells, or B cells, obtained from healthy donors (Hds) or CLL patients, were recovered; total
RNA was extracted with TriPure (Roche Diagnostics, Milan, Italy) and reverse-transcribed with
random primers. In some experiments B cells were also collected after CD31 cross-linking. Primers
and probes for Bcl-2, Bcl-x; and Bax were designed using the PrimerExpress software (Applied

Biosystems, Foster City, CA, USA). The sequence (5’ to 3’) of the specific primers used are as
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follows: Bcl-2 up-stream 5°-CgC CTT CgC CgA gAT gTC Cag Cca g, down-stream 5°-ACT TgT
ggC CCA gAT Agg CAC CCA g (385-bp); Bel-xp, up-stream 5°-TTg gAc AAT ggA CTg gTT gA,
down-stream 5°-gTA gAg Tgg Atg gTC AgT g (780 bp); Bax up-stream 5’-TCC CCC CgA gAg
gTC TTT T, down-stream 5’-Cgg CCC CAg TTg AAg TTg. Primers for SDF-1 amplifications and
probes were purchased from Applied Biosystem (userid: Hs00171022_m1).

Q-RT-PCR was performed on the 7900HT FastRT-PCR system (Applied Biosystems) with the
fluorescent Tagman method (Gabert et al, 2003). mRNAs were normalized to 18s as a control gene,
and referred to a standard curve, i.e. serial dilutions of plasmids containing cloned sequences of 18s
(Applied Biosystem). After subtracting the threshold cycle (Cr) value for 18s (Applied Biosystem)

2-AACT to

from the Cr values of the target genes, the ACt values were converted with the formula
show the fold relative increase in mRNA expression compared to levels prior to cross-linking of the

different molecules which were given the arbitrary value of 1 (Fleige et al, 2006). Results are

expressed as fold increase for SDF-1 or as Bcl-2/Bax or Bel-x;/Bax ratio.

ELISA for Bcl-2, Bcl-x; and Bax and SDF-1 protein measurement.

Purified CLL B cells, or adherent cells obtained from CLL patients or healthy donors (Hds), before
or after CD31 cross-linking, were lysed in ImM EDTA, 0.5% Triton x-100, 10ug/mL aprotinin,
10pg/mL leupeptin, 3ug/mL pepstatin and 100uM PMSF (all from Sigma) in PBS; the lysates
normalized for protein content and Bcl-2, Bcl-xL or Bax proteins were measured by the commercial
ELISA kit (DuoSet IC, R&D Systems Europe, Abingdon, UK), based on the use of capture and
biotinylated detection antibodies, specific for each protein, followed by HRP-streptavidin.
Following development with ABTS, plated were read at OD4gs, referred to a standard curve as
pg/mL and results expressed as Bcl-x;/Bax or Bcl-2/Bax ratio. SDF-1 was measured by ELISA
(Bender MedSystem) in cell lysates and in the SN of adherent cells, obtained from CLL patients,
cultured for 24h in the absence or presence of CD31-XL and results, referred to a standard curve,

are expressed as pg/mL.
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Akt and NF-kB activation assays. Phosphorylated Akt (pAkt) and total Akt (tAkt) were measured in
the same samples by ELISA (BioSource Europe, Pantec, Turin, Italy) in CLL lysates prepared as
above, before or Smin (optimal time, based on kinetics experiments) (Ferrero et al, 2003) after
CD31-XL or UmAb-XL, with or without the PI-3K inhibitor LY294002 (5uM, Sigma). Data were
referred to standard curves and results expressed as percentage of pAkt, normalized for tAkt.

NF-kB activation was evaluated by the TransAM Assay Kit in nuclear extracts obtained using the
Nuclear Extract Kit (Active Motif, Rixensart, Belgium) from CLL B lymphocytes before or 12h
after CD31-XL. The time point was chosen on the basis of preliminary kinetics experiments in order
to detect optimal NF-kB activation. TransAM NF-kB Kits is a 96-well plate with immobilized
oligonucleotide containing the NF-kB consensus site (5-GGGACTTTCC-3’) that highly
specifically binds to the active form of NF-kB contained in cell extracts. Primary antibodies directed
against an epitope of p65 or p52 that is accessible only when NF-kB is activated and bound to its
target DNA are then added, followed by HRP-conjugated secondary antibody and reaction
developed by the specific substrate contained in the commercial kit. Plates were then read with and

ELISA reader at OD4sonm and results expressed as p65 or p52 nuclear/cytoplasmic (N/C) ratio.

Determination of mutational status of IgVy genes. The analysis of IgVy genes mutational status was
performed on cDNA as described (Poggi et al, 2004). Sequences were compared with those present
in the V BASE sequence directory (http://www.mrc-cpe.cam.ac.uk/imt-doc/vbase-home-page.htlm)

and in the IMGT/V-QUEST database (http://imgt.cines.fr). Results are expressed as percentages of

germ line homology (Damle et al, 1999; Hamblin et al, 1999).

Statistical analysis. Data are presented as mean+SD. Statistical analysis was performed using

ANOVA, calculating the F ratio and, when corrected, applying the Bonferroni-Dunnett test with a
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0=0.05. Chi square analysis was also performed for some experiments to correlate of Bcl-2/Bax or

Bcl-x/Bax with IgVy genes mutational status.

RESULTS

Two groups of CLL can be identified on the basis of in vitro survival and of the ratio between anti-
apoptotic and pro-apoptotic proteins.

Among the 30 patients analyzed, we have identified two groups of CLL, the former (from now on
CLL-I) showing rapid in vitro apoptotic rate (14 out of 30 patients), the latter (CLL-II) more
resistant to programmed cell death (16 out of 30 patients). In particular, upon in vitro culture, among
CLL-I about 50% of B cells died by day 5 (cut off to assign each case to group I or group II) and
almost no living cells were recovered after 10 days; conversely, only 10% of CLL-II cells underwent
apoptosis by day 5 and about 50% of these cells were still alive on day 14 (Fig.1A and B).
Interestingly, the rate of apoptosis seems to be related to the stage of disease; indeed, the 14
patients belonging to CLL-I group, were all at the LR stage, whereas the 16 patients of CLL-II
group were HR (12 out of 16) or IR (4 out of 16); moreover, the four patients at IR stage
showed progressive disease (PD) over one year (table 1).

To investigate the biochemical basis of such different survival rate, we addressed the question of
whether transcription of the anti-apoptotic proteins Bcl-2 and Bcl-x;, referred to a pro-apoptotic
protein such as Bax, was different in the two different CLL groups. To this aim, mRNA was
extracted from CLL cells immediately after isolation and at different days of culture and analyzed by
Q-RT-PCR. First, we found that CLL-II show higher Bcl-x;/Bax or Bcl-2/Bax ratio than CLL-I (1.3
vs. 0.6, Fig.1B left or 1.4 vs. 0.55 Fig.1B right). Second, on day 5 Bcl-x;/Bax and Bcl-2/Bax ratio
decreased in CLL-I (0.3 vs 0.6 Bcl-x/Bax, Fig.1B left and 0.3 vs. 0.5 for Bcl-2/Bax, Fig.1B right),
while in CLL-II these ratios were still high, although decreased (1.1 on day 5 vs. 1.3 on day O for

Bcl-x/Bax, Fig.1B left; 1.1 on day 5 vs. 1.4 on day O for Bcl-2/Bax, Fig.1B right). These results

9
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were confirmed also by measuring the content of each anti-apoptotic protein by ELISA referred to
Bax as a ratio (Fig.1C). Of note, x2 analysis revealed a correlation between Bcl-xL/Bax or Bcl-

2/Bax ratio and IgVy mutational status (p<0.05) and Zap70 expression (p<0.05).

NLC are present in CLL-1I cultures in higher number than in CLL-I cultures.

On the basis of these results, one may hypothesize that in CLL-II are operating survival mechanisms
related to their resistance to spontaneous apoptosis and that they are reduced in CLL-I. Thus, we
tried to identify such factors. It has been previously described that blood-derived, adherent NLC can
protect CLL B cells from spontaneous apoptosis in vitro, through the production of SDF-1 (Burger
et al, 2000). In keeping with this, in all CLL-II cultures we observed the presence of adherent cells,
starting from day 3 and increasing in the following days (day 10 depicted in Fig.2), to which CLL B
cells were attached (Fig.2Aa and 2Ab). On the other hand, a few adherent cells were found in cell
cultures performed with cells isolated from peripheral blood of CLL-I donors (Table 1).

First, these adherent cells expressed CD31 (Fig.2Bb). Second, adherent cells were CD14" (Fig.2Bc),
CD68" (Fig.2Bd), expressed the prolyl-4-hydroxilase (P4H, Fig.2Be), a marker of collagen-
producing cells of mesenchymal origin, as fibroblasts or BMSC (Aggarwal et al, 2005; Anauta and
Fibbe, 2007), and vimentin (Fig.2Bf) (Burger et al, 2000). Moreover, these cells were CD45",
CD33", CD3", CD19™ (not shown). Third, by Q-RT-PCR we found that adherent cells expressed
transcripts for SDF-1 and the cytoplasmic protein (Fig.2C), in keeping with what described for NLC
in previous reports (Burger et al, 2000); nevertheless, the levels of transcription and expression of
SDF-1 were significantly higher in CLL-II than in CLL-I NLC (Fig.2C), while the surface
phenotype, including the intensity of CD31 expression, was superimposable in NLC from the 2
CLL groups (not shown). Of note, the number of NLC was significantly higher in CLL-II
(mostly HR) than in CLL-I (LR) and related to the stage of disease (Table 1), IgVy mutational

status (p<0.05) and Zap70 expression (p<0.05) (x2 analysis).

10
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Signalling through CD31 protects CLL from apoptosis and induces anti-apoptotic proteins.

Based on previous observations on myeloid and endothelial cells (Ferrero et al, 2003; Gao et al,
2003), we planned a series of experiments to demonstrate that engagement of CD31 at the surface of
CLL is able to improve their survival in vitro triggering the transcription of anti-apoptotic proteins.
First, we observed that CD31 was present at similar level of expression both on CLL-I and
CLL-II: indeed, the mean fluorescence intensity (MFI) was 73+9 arbitrary units (a.u.) on
CLL-I vs 676 a.u. on CLL-II (Table 1), compared to an intensity of 71+8 a.u. in healthy B
cells (Table 1). Thus, CLL-I and CLL-II cells were subjected to CD31 cross-linking with the
specific mAb and cultured up to 14 days, in the absence of any growth factor added. At different
time points, cells were harvested and checked for apoptosis and for transcription of Bcl-2, Bel-xi,
and Bax. As shown in figure 3 (panel A), engagement of CD31 could delay the apoptotic rate of
CLL-I, as more then 60% of alive cells were found on day 7 (<40% apoptotic cells, Fig.3A, left
panel), while most of untreated cells or cells incubated with murine Ig died by the same day (about
70% apoptotic cells, Fig.3A, left panel). This effect was less evident on CLL-II (Fig.3A, right panel)
possibly due to the fact that during the first days of culture CLL-II still have high levels of anti-
apoptotic proteins, although decreased compared to day O (Fig.1B and C). Of note, on day 5 of
culture after CD31 cross-linking, the ratio of Bcl-x;/Bax significantly raised in both CLL-I (0.8 vs.
0.3) and CLL-II (1.1 vs. 0.7), compared to untreated cells or upon incubation of with an unrelated
mAb (Fig.3B, left panel). Although to a lesser extent, an increase in Bcl-2/Bax ratio was also
observed after CD31 oligomerisation in CLL-I (0.5 vs.0.2) and CLL-II (0.8 vs. 0.6), but not in
untreated cells or incubated with unrelated mAb (Fig.3B, right panel). These data were confirmed by
measuring the intracellular content of the mentioned proteins (Fig.3C), supporting that the
engagement of CD31 can sustain the synthesis of anti-apoptotic proteins in CLL and delay their
apoptosis rate.

Transcription of Bcl-2 and Bcel-xy, is regulated by nuclear translocation of the NF-kB subunits p65

and p52, respectively (Turco et al, 2004), moreover, the activation of PI-3K and subsequent Akt

11
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phosphorylation is needed for NF-kB activation (Cuni et al, 2004). Thus, we analysed whether CD31
cross-linking by specific mAb could trigger all these biochemical events. We found that basal levels
of pAkt in freshly isolated B cells were higher in CLL-II than in CLL-I (Fig.4A, left vs. right).
Interestingly, CD31 engagement was able to trigger phosphorylation of Akt, that was prevented by
the specific inhibitor of PI-3K LY294002 (Fig.4A), in keeping with our previous data on CD34"
precursors (Ferrero et al, 2003). Of note, oligomerisation of CD31 induced the nuclear translocation
(increase of the nuclear/cytoplasmic ratio) of NF-kBp65 (Fig.4B) and of NF-kBp52 (Fig.4C) in
freshly isolated CLL-I; whereas no effect was observed in the presence of an unrelated mAb (Fig.4B
and C). Activation of NF-kB was not so evident in CLL-II that displayed, on day 0, a high N/C ratio
of both subunits (Fig.4B and C); however, after 2 days of culture in the absence of stimuli, the N/C
ratio of NF-kB p65 and p52 decreased also in CLL-II that became responsive to the signal delivered
via CD31, detectable 12h after cross-linking of the molecule, i.e. on day 3 (Fig.4C).

To obtain these survival and biochemical effects, cross-linking of the CD31 molecule was needed,
since the F(ab’), fragment that binds to CD31 but is unable to be oligomerised by anti-isotype GAM
(Ferrero et al, 2003), not only was not efficient, but could even exert an opposite effect on survival,

possibly due to inhibition of cell-to-cell contacts (Fig.3A and B, not shown in Fig.4).

CD31 heterotypic homophilic interactions contribute to prevent CLL apoptosis.

To investigate whether the effects of CD31 engagement on CLL cells are mediated by heterotypic
interactions, as may occur upon binding to NLC, we co-cultured the two groups of CLL onto
monolayers of stable transfectants expressing CD31 (D12P) or CD31 negative mock pcDNAIneo
transfectants (MOCK) or untransfected wild type cells and measured the transcription of anti-
apoptotic proteins and cell apoptosis. Co-culture of either CLL-I (Fig.5A and C) and CLL-II (Fig.5B
and C) with D12P transfectants induced Bcl-x;. (Fig.5A, upper panel for CLL-I, Bcl-x;/Bax ratio 0.8
vs. 0.3 on day 5; Fig.5B, upper panel for CLL-II, Bcl-x;/Bax ratio 1.4 vs. 0.6 on day 5), while Bcl-2

was enhanced to a lesser extent (Fig.5A, lower panel for CLL-I, Bcl-2/Bax ratio 0.7 vs. 0.3 on day 5;
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Fig.5B, lower panel for CLL-II, Bcl-2/Bax ratio 1.2 vs. 0.8 on day 5). Of note, survival on day 7 was
increased in both CLL-I (<30% apoptotic cells vs. >60%) and CLL-II (<20% apoptotic cells vs.
>30%) by co-culture with D12P CD31" transfectants (Fig.5C); moreover, addition of the anti-CD31
F(ab’)2 mAb significantly reduced the anti-apoptotic effect of co-incubation with D12P CD31"
transfectants (Fig.5C). CD31 negative mock pcDNAlneo transfectants (MOCK) (Fig.5C) or
untransfected wild type (not shown) cells did not affect survival, Bcl-x;/Bax nor Bcl-2/Bax ratios of
CLL B cells.

To clarify whether CD31-CD31 interactions are implied in the delivery of biochemical signals in
CLL leading to survival, CD38 CLL-I (n=10) were compared to CD38"CLL-II (n=11) in co-culture
with CD31"D12P transfectants. The MFI of CD38 expression on CD38 CLL-I was 942 vs 71 of
the negative control, thus making it likely that these CD38 is really not expressed in these
CLL. Of note, survival signal delivered by CD31" transfectants to CLL is present in CD38 CLL as
well as in CD38"CLL (Fig.6A). Again, Bcl-x;/Bax and Bcl-2/Bax protein ratio raised upon
interaction with CD31'DI12P transfectants both in CD38 and in CD38" CLL (Fig.6B). Both
increased survival and enhancement of anti-apoptotic proteins were inhibited by covering CD31
with the specific F(ab’), mAb (Fig.6A and B). Taken together, these data seem in favour of an
activating signal delivered via CD31 in CLL, possibly leading to increased survival.

Finally, as CD38 is a NF-kB target gene (Kang et al., 2006), we addressed the question of
whether CD31-mediated signal could induce or up-regulate CD38 expression on CLL. To this
aim, 10 CD38" (MFI 9+2 a.u.) and 2CD38low (30 or 35% positive cells, MFI 30 or 40 a.u.) were
subjected to CD31 cross-linking (i.e. preincubated with the specific mAb, added to GAM-
coated plates) or cultured onto CD31 positive transfectants (D12P) compared to CD31 negative
mock transfectants, and cultured for 1, 3 or 5 days. No significant variations in the percentage
of positive cells or intensity (MFI) of CD38 expression was observed at any of the time points

analysed (not shown).
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DISCUSSION

In this paper, we describe two groups of CLL with a different kinetics of apoptosis in vitro, and
distinct ratios between anti-apoptotic and pro-apoptotic proteins. Of note, we show that engagement
of CD31 induces PI-3K-dependent Akt phosphorylation and NF-kB nuclear translocation in CLL,
followed by the enhancement of anti-apoptotic protein transcription and increased survival.

In recent years, it has become evident that proliferation signals are crucial for CLL pathogenesis
(Calissano et al, 2009). Nevertheless, enhanced survival of leukemic cells contributes to disease
progression; moreover, CLL cells are resistant to standard chemotherapy that exploits apoptosis
(Kitada et al, 1998; Meinhart et al, 1999; Danilov et al, 2006). Overexpression of anti-apoptotic
genes, such as Bcl-2 and Bcl-xy, deficiency of pro-apoptotic pathways and sustained activation of
Akt and NF-kB proteins have been implied in regulating the life and chemotherapy resistance of
leukemic B cells (Munzert et al, 2002; Turco et al, 2004; Cuni et al, 2004). Thus, pharmacological
inhibition of NF-kB has been proposed to accelerate apoptosis and restore chemosensitivity in CLL
(Pickering et al, 2007). We and other have described that, indeed, in a fraction of CLL Akt is
constitutively phosphorylated and contributes not only to an increased nuclear translocation of NF-
kB, but also to a rise in the transcription of Bcl-x;. and Bcl-2 (Longo et al, 2007; Poggi et al, 2008).
Herein, we confirm the existence of two groups of CLL, one with better survival rate and higher
levels of anti-apoptotic proteins (CLL-II), the other with the opposite characteristics (CLL-I). Of
note CLL-I samples represent predominantly low risk CLL, whereas CLL-II samples
represent predominantly high risk CLL, according to Ig V/H status, ZAP70 and CD38
expression and clinical stage. In both groups, Bcl-x;, and Bcl-2 decreased during culture, while the
apoptotic rate increased; supporting the notion that in vitro signals delivered by the
microenvironment to leukemic cells (Lagneaux et al, 1998; Caligaris-Cappio et al, 2003) are
missing. In the bone marrow, or in lymphoid tissues, intimate contact with stromal and endothelial
cells or with NLC occur, and CLL can receive signals during these interactions. That CD38

engagement by CD31 leads to a survival signal in leukemic B cells, upon binding to CD31" NLC,
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has already been demonstrated (Deaglio et al, 2006; Deaglio et al, 2010), and other adhesion
molecules would contribute to this signal (Zucchetto et al, 2009).

In our study we provide evidence that also CD31 can deliver a positive signal in CLL, leading to the
activation of those biochemical events needed for the enhancement of cell survival. Indeed, the
engagement and oligomerization of the molecule by the specific mAb, induces PI-3K-dependent Akt
phosphorylation, nuclear translocation of the NF-kB subunits that contribute to up-regulate the
transcription of Bcl-xp and Bcl-2, with consequent increase in Bcl-x;/Bax and Bcl-2/Bax protein
ratio. Interestingly, a similar effect has been described by us and other authors in myeloid and
endothelial cells (Ferrero et al, 2003; Gao et al, 2003). Second, upon CD31 cross-linking, in vitro
survival of CLL is increased. Superimposable results were obtained by co-culturing both CD38 CLL
and CD38'CLL with CD31-expressing transfectants; the finding that CD31" transfectants, that do
not express CD38, can trigger survival signals also in CD38 CLL strongly supports the hypothesis
that CD31-CD31 homophylic heterotypic interactions may contribute to CLL resistance to apoptosis.
These results are apparently not in agreement with other reports (Deaglio et al, 2006; Tonino et al,
2008); however, in the reported papers gene expression was evaluated, and not transcription or
intracellular content of anti-apoptotic proteins. Moreover, subconfluent CD31" transfectants were
used, with a likely diffuse distribution of CD31 molecule at the cell surface. We and others have
demonstrated that junctional distribution of CD31, as it occurs in vivo in vascular endothelium, is
obtained only under confluent conditions and is important to achieve the so-called haptotactic
gradient that is needed for initiating transendothelial migration of CD31" leukocytes (Zocchi et al,
1996; Mamdouh et al, 2009). It is conceivable that this gradient is also needed to engage in a
homophilic binding the molecule expressed by lymphocytes and deliver the activating signal. This
explanation may also account for the missing evidence, so far, for a role of homophilic CD31-CD31
interactions in CLL.

In our culture experiments different types cell-to-cell adhesion were observed: indeed CLL cells

could bind one to each other (homotypic binding) and to NLC grown in culture (heterotypic

15



©CoO~NOUTA,WNPE

British Journal of Haematology Page 16 of 33

A. Poggi et al. PECAM-1 signalling in CLL

binding). During these events, both CD31/CD31 (homophilic) and CD31/CD38 (heterophilic)
interactions, can occur, all contributing to the activation of pro-survival signal. We cannot exclude
that soluble factors, such as SDF-1 produced and released by NLC, can also sustain CLL survival,
although we could not detect SDF-1 in the supernatants of our CLL cultures (not shown). Thus, NLC
might provide leukemic B cells with multiple survival signals, one mediated by SDF-1 as reported
(Burger et al., 2000), the others delivered via CD38 and/or via CD31 through the different types of
cell-to-cell interaction mentioned above. It is of note that the number of NLC, significantly
higher in CLL-II than in CLL-I, and the in vitro survival of leukemic B cells correlate not only
with risk factors (CLL-II being predominantly high risk) and the stage of disease, but also
with disease progression. It might be hypothesized that in CLL that are going to show a worst
clinical progression, NLC originally resident in the bone marrow, reach the bloodstream and
contribute to leukemic cell survival, spreading and colonization of other tissues.

We also suggest that homophilic engagement of CD31 during transendothelial migration, which
might be favoured in the areas of bone marrow enriched in blood vessels, or upon interaction with
NLC, can sustain the transcription of anti-apoptotic proteins and activate both PI-3K and NF-kB in
CD38CLL. This might be of interest as both these biochemical events and bone marrow
angiogenesis, have been proposed as possible therapeutic targets in CLL (Cuni et al, 2004; Pickering

et al, 2007; Mollica et al., 2007).

REFERENCES

1. Aggarwal, S & Pittenger MF. (2005) Mesenchymal stem cells modulate allogeneic immune cell
responses. Blood, 105, 1815-1822.

2. Anauta, AJ. & Fibbe, W.E. (2007) Immunomodulatory properties of mesenchymal stromal

cells. Blood, 110, 3499-3506.

16



Page 17 of 33 British Journal of Haematology

1 A. Poggi et al. PECAM-1 signalling in CLL
2

2 3. Burger, J.A,, Tsukada, N., Burger, M., Zvaifler, N.J., Dell’Aquila, M. & Kipps, T.J. (2000)
2 Blood-derived nurse-like cells protect chronic lymphocytic leukaemia B cells from spontaneous
é apoptosis through stromal cell-derived factor-1. Blood, 96, 2655-2663.

12 4. Caligaris-Cappio, F. (2003) Role of the microenvironment in chronic lymphocytic leukaemia.
ig British Journal of Haematology, 123, 380-388.

E 5. Calissano, C., Damle, R.N., Hayes, G., Murphy, E.J., Hellerstein, M.K., Moreno, C., Kaufman,
" M.S., Kolitz, J.E., Allen, S.L., Rai, KR. & Chiorazzi, N. (2009) In vivo intraclonal and
;g interclonal kinetic heterogeneity in B-cell chronic lymphocytic leukaemia. Blood, 114, 4832-42.
% 6. Cheson, B.D., Bennett, J.M., Grever, M., Kay, M.J., O’Brien, S. & Rai, K.R. (1996) National
gg Cancer Institute-sponsored Working Group guidelines for chronic lymphocytic leukaemia:
EZ revised guidelines for diagnosis and treatment. Blood, 87, 4990-4997.

ég 7. Chiorazzi, N., Rai, K.R. & Ferrarini, M. (2005) Chronic lymphocytic leukaemia. New England
g; Journal of Medicine, 35, 804-815.

gz 8. Collins, R.J., Verschuer, L.A., Harmon, B.V., Prentice, R.L., Pope, J.H. & Kerr, J.F. (1989)
g? Spontaneous programmed death (apoptosis) of B-chronic lymphocytic leukaemia cells following
gg their culure in vitro. British Journal of Haematology, 71, 343-350.

%g 9. Cuni, S., Perez-Aciego, P., Perez-Chacon, G., Vargas, J.A. Sanchez, A., Martin-Saavedra, F.M.,
ji Ballester, S., Garcia-Marco, J., Jorda, J. & Durantez, A. (2004) A sustained activation of
j,g PI3K/NF-kappaB pathway is critical for the survival of chronic lymphocytic leukaemia B cells.
%é Leukemia, 18, 1391-1400.

22 10. Damle, R.N., Wasil, T., Fais, F., Ghiotto, F., Valetto, A., Allen, S.L., Buchbinder, A., Budman,
g% D., Dittmar, K., Kolitz, J., Lichtman, S.M., Schulman, P., Vinciguerra, V.P., Rai, K.R., Ferrarini,
22 M. & Chiorazzi, N. (1999) Ig V gene mutational status and CD38 expression as novel prognostic
g; indicators in chronic lymphocytic leukaemia. Blood, 94:1840-1847.

28 11. Danilov, A.V., Danilova, O.V., Klein, A.K., Huber, B.T. (2006) Molecular pathogenesis of

chronic lymphocytic leukaemia. Current Molecular Medicine, 6, 665-675.

17


http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kaufman%20MS%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kaufman%20MS%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kolitz%20JE%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Allen%20SL%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Rai%20KR%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Chiorazzi%20N%22%5BAuthor%5D

©CoO~NOUTA,WNPE

British Journal of Haematology Page 18 of 33

A. Poggi et al. PECAM-1 signalling in CLL

12. Deaglio, S., Vaisitti, T., Aydin, S., Ferrero, E. & Malavasi, F. (2006) In-tandem insight from
basic science combined with clinical research: CD38 as both marker and key component of the
pathogenetic network underlying chronic lymphocytic leukaemia. Blood, 108, 1135-44.

13. Deaglio, S., Aydin, S., Grand, M.M., Vaisitti, T., Bergui, L., D'Arena, G., Chiorino, G. &
Malavasi, F. (2010) CD38/CD31 interactions activate genetic pathways leading to proliferation
and migration in chronic lymphocytic leukaemia cells. Molecular Medicine, 16, 87-91.

14. DeLisser, H.M., Newman, P.J. & Albelda, S.M. (1994) Molecular and functional aspects of
PECAM-1/CD31. Immunology Today, 15, 490-495.

15. Ferrero, E., Belloni, D, Contini, P., Foglieni, C., Ferrero, M.E., Fabbri, M., Poggi, A. & Zocchi,
M.R. (2003) Transendothelial migration leads to protection from starvation-induced apoptosis in
CD34+CD14+ circulating precursors: evidence for PECAM-1 involvement through Akt/PKB
activation. Blood, 101, 186-193.

16. Fleige, S., Walf, W., Huch, S., Prgomet, C., Sehm, J. & Pfaffl, M.W. (2006) Comparison of
relative mRNA quantification models and the impact of RNA integrity in quantitative real-time
RT-PCR. Biotechnology Letters, 28, 1601-1613.

17. Gabert, J., Beillard, E., van der Velden, V.H., Bi, W., Grimwade, D., Pallisgaard, N., Barbany,
G., Cazzaniga, G., Cayuela, .M., Cavé, H., Pane, F., Aerts, J.L., De Micheli, D., Thirion, X.,
Pradel, V., Gonzdlez, M., Viehmann, S., Malec, M., Saglio, G. & van Dongen, J.J. (2003)
Standardization and quality control studies of 'real-time' quantitative reverse transcriptase
polymerase chain reaction of fusion gene transcripts for residual disease detection in leukaemia-
a Europe Against Cancer program. Leukemia, 17, 2318-2357.

18. Gao, C., Sun, W., Christofidou-Solomidou, M., Sawada, M., Newman, D.K., Bergom, C.,
Albelda, S.M., Matsuyama, S. & Newman P.J. (2003) PECAM-1 functions as a specific potent

inhibitor of mitochondrial-dependent apoptosis, Blood, 102, 169-179.

18


http://www.ncbi.nlm.nih.gov/pubmed?term=%22Chiorino%20G%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Malavasi%20F%22%5BAuthor%5D

Page 19 of 33

©CoO~NOUTA,WNPE

British Journal of Haematology

A. Poggi et al. PECAM-1 signalling in CLL

19.

20.

21.

22.

23.

24.

25.

26.

Hamblin, T.J., Davis, Z., Gardiner, A., Oscier, D.G. & Stevenson, S.K. (1999) Unmutated Ig
V(H) genes are associated with a more aggressive form of chronic lymphocytic leukaemia.
Blood, 94, 1848-1854.

Kang, B-N., Tirumurugaan, K.G., Deshpande, D.A., Amrani Y., Panettieri, R.A., Walseth, T.F.
& Kannan, M.S. (2006) Transcriptional regulation of CD31 expression by tumor necrosis factor-
o in human airway smooth muscle cells: role of NF-kB and sensitivity to glucocorticoids. Faseb
J, 20, E170-E179.

Kitada, S., Andersen, J., Akar, S., Zapata, J.M., Takayama, S., Kraiewski, L., Wang, H.G.,
Zhang, X., Bullrich, F., Croce, C.M., Rai, K., Hines, J. & Reed J.C. (1998) Expression of
apoptosis-regulating proteins in chronic lymphocytic leukaemia: correlations with in vitro and in
vivo chemoresponses. Blood, 91, 3379-3389.

Lagneaux, L., Delforge, A., Bron, D., De Bruyn, C. & Stryckmans, P. (1998) Chronic
lymphocytic leukemic B cells but not normal B cells are rescued from apoptosis by contact with
normal bone marrow stromal cells. Blood, 91, 2387-2396.

Longo, P.G., Laurenti, L., Godessi, S., Petlickovski, A., Pelosi, M., Chiusolo, P., Sica, S., Leone,
G. & Efremov, D.G. (2007) The Akt signaling pathway determines the different proliferative
capacity of chronic lymphocytic leukaemia B-cells from patients with progressive and stable
disease. Leukemia, 21, 110-120.

Mamdouh, Z., Michailov, A. & Muller, W.A. (2009) Transcellular migration of leukocytes is
mediated by the endothelial lateral border recycling complex. Journal of Experimental Medicine,
206, 2795-2808.

Meinhardt, G., Wendtner, C.M. & Hallek, M. (1999) Molecular pathogenesis of chronic
lymphocytic leukaemia: factors and signaling pathways regulating cell growth and survival.
Journal of Molecular Medicine, 77, 282-293.

McConkey D.J., Chandra, J., Wright, S., Plunkett, W., McDonnel, T.J., Reed, J.C. & Keating, M.

(1996) Apoptosis sensitivity in chronic lymphocytic leukaemia is determined by endogenous

19


http://www.ncbi.nlm.nih.gov/pubmed?term=%22Wang%20HG%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Zhang%20X%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Bullrich%20F%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Croce%20CM%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Rai%20K%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Hines%20J%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Reed%20JC%22%5BAuthor%5D

©CoO~NOUTA,WNPE

British Journal of Haematology Page 20 of 33

A. Poggi et al. PECAM-1 signalling in CLL

27.

28.

29.

30.

31.

32.

33.

endonuclease content and relative expression of BCL-2 and BAX. Journal of Immunology, 156,
2624-2630.

Mollica, S., Montillo, M., Ribatti, D., Mirabelli, R., Tedeschi, A., Ricci, F., Veronese, S., Vacca,
A. & Morra, E. (2007) Intense reversal of bone marrow angiogenesis after sequential
fludarabine-induction and alemtuzumab-consolidation therapy in advanced chronic lymphocytic
leukaemia. Hematologica, 92, 1367-1374.

Munzert, G., Kirchner, D., Stobbe, H., Bergmann, L., Schmid, R.M., Dohner, H. & Heimpel, H.
(2002) Tumor necrosis factor receptor-associated factor 1 gene overexpression in B-cell chronic
lymphocytic leukaemia: analysis of NF-kappa B/Rel-regulated inhibitors of apoptosis. Blood,
100, 3749-3756.

Newman, P.J. (1997) The biology of PECAM-1. Journal of Clinical Investigation, 100, S25-29.
Panayiotidis, P., Jones, D., Ganeshaguru, K., Foroni, L. & Hoffbrand, A.V.. (1996) Human bone
marrow stromal cells prevent apoptosis and support the survival of chronic lymphocytic
leukaemia cells in vitro. British Journal of Haematology, 92, 97-103.

Pickering, B.M., de Mel, S., Lee, M., Howell, M., Habens, F., Dallman, C.L., Neville, L.A.,
Potter, K.N., Mann, J., Mann, D.A., Johnson, P.W., Stevenson, F.K. & Packham, G. (2007)
Pharmacological inhibitors of NF-kappaB accelerate apoptosis in chronic lymphocytic leukaemia
cells. Oncogene, 26, 1166-1177.

Poggi, A., Venturino, C., Catellani, S., Clavio, M., Miglino, M., Gobbi, M., Steinle, A., Ghia, P.,
Stella, S., Caligaris-Cappio, F. & Zocchi, M.R. (2004) Vdeltal T lymphocytes from B-CLL
patients recognize ULBP3 expressed on leukemic B cells and up-regulated by trans-retinoic acid.
Cancer Research, 64, 9172-9179.

Poggi, A., Catellani, S., Bruzzone, A., Caligaris-Cappio, F., Gobbi, M. & Zocchi, M.R. (2008)
Lack of the Leukocyte-associated Ig-like receptor-1 expression in high risk chronic lymphocytic
leukemias results in the absence of a negative signal regulating kinase activation and cell

division. Leukemia, 22, 980-988.

20



Page 21 of 33 British Journal of Haematology

1 A. Poggi et al. PECAM-1 signalling in CLL
2

2 34.Rai, K.R. & Han, T. (1990) Prognostic factors and clinical staging in chronic lymphocytic
2 leukaemia. Hematol Oncol Clin North Am, 4, 447-456.

5 35. Rai, K.R. & Patel, D.V. (1999) Chronic lymphocytic leukaemia. In: Hoffmann R, Benz EJ,
ig Shattil SJ, et al, eds. Hematology-Basic principles and practice. New York: Churchill
ig Livingstone,1350-1363.

E 36. Ringshausen, 1., Schneller, F., Bogner, C., Hipp, S., Duyster, J., Peschel, C. & Decker T. (2002)
1573 Constitutively activated phosphatidylinositol-3-kinase (PI-3K) is involved in the defect of
:2Lg apoptosis in B-.CLL: association with protein kinase C delta. Blood, 100, 3741-3748.

% 37. Sanz, L., Garcia-Marco, J.A., Casanova, B., de La Fuente, M.T., Garcia-Gila, M., Garcia-Pardo,
gg A. & Silva, A. (2004) Bcl-2 family gene modulation during spontaneous apoptosis of B-chronic
EZ lymphocytic leukaemia cells. Biochemical and Biophysical Research Communications, 315, 562-
i 567.

g; 38. Schena, M., Larsson, L.G., Gottardi, D., Gaidano, G., Carlsson, M., Nilsson, K. & Caligaris-
gz Cappio, F. (1992) Growth and differentiation-associated expression of bcl-2 in B chronic
> lymphocytic leukaemia cells. Blood, 79, 2981-2989.

gg 39. Scielzo, C., Camporeale, A., Geuna, M., Alessio, M., Poggi, A., Zocchi, M.R., Chilosi, M.,
%g Caligaris-Cappio, F. & Ghia, P. (2006) Human normal mature B lymphocytes express the T-
ji lymphocyte-related tyrosine kinase ZAP-70. Leukemia, 20, 689-695.

22 40. Tonino, S.H., Spijker, R., Luijks, D.M., van Oers, M,H. & Kater, A.P. (2008) No convincing
47

jg evidence for a role of CD31-CD38 interactions in the pathogenesis of chronic lymphocytic
o leukaemia. Blood, 112, 840-3.

g% 41. Turco, M.C., Romano, M.F., Petrella, A., Bisogni, R., Tassone, P. & Venuta, S. (2004) NF-
gg kappaB/Rel-mediated regulation of apoptosis in hematological malignancies and normal
g; hematopoietic progenitors. Leukemia, 18, 11-17.

2(9) 42. Tsukada, N., Burger, J.A., Zvaifler, N.J. & Kipps, T.J. (2002) Distinctive features of ,,nurselike*

cells that differentiate in the context of chronic lymphocytic leukaemia. Blood, 99, 1030-1037.

21



©CoO~NOUTA,WNPE

British Journal of Haematology Page 22 of 33

A. Poggi et al. PECAM-1 signalling in CLL

43. Zocchi, M.R., Ferrero, E., Leone, B.E., Rovere, P., Bianchi, E., Toninelli, E. & Pardi, R. (1996)
CD31/PECAM-1-driven chemokine-independent transmigration of human lymphocytes.
European Journal of Immunology, 26, 817-24

44. Zucchetto, A., Benedetti, D., Tripodo, C., Bomben, R., Dal Bo, M, Marconi, D., Bossi, F.,
Lorenzon, D., Degan, M,, Rossi, F,M,, Rossi, D., Bulina, P., Franco, V., Del Poeta, G., Deraglio,
S., Gaidano, G., Tedesco, F., Malavasi, F. & Gattei, V. (2009( CD38/CD31, the CCL3 and CCL4
chemokines, and CD49d/vascular cell adhesion molecule-1 are interchained by sequential events

sustaining chronic lymphocytic leukemia cell survival. Cancer Research, 69, 4001-4009.

22



Page 23 of 33 British Journal of Haematology

©CoO~NOUTA,WNPE

A. Poggi et al. PECAM-1 signalling in CLL

Table 1. Clinical features of CLL patients.

Patients' Sex Age Year’ Stage’ IgV/H%  WBC’ L°  Zap70 CD38 Apoptosit NLC°  CD31
homol*  (x10*/ul™) (x1(1)3/u1' %pos®  Topos’  (%)* (n/field) (MFI) '
)

CLL-I

1. F 63 1997 IR 94.2 16.2 11.5 Neg Neg 66 2 81
2. M 58 2000 IR 94.0 18.1 13.1 Pos  Neg 72 4 73
3. M 70 1999 LR  90.1 15.9 129 Neg Neg 78 0 58
4. M 65 2000 LR 919 23.3 180  Pos  Pos 69 0 64
5. M 62 2002 LR 984 24.0 193  Pos Neg 65 6 78
6. F 58 2000 LR 972 15.7 109 Neg Neg 73 4 79
7. F 65 2000 LR 969 22.3 199  Pos Neg 74 8 83
8. F 64 1999 LR 963 16.7 11.5  Pos Neg 78 6 80
9. F 65 2002 LR 92.5 229 19.2 Neg Neg 67 1 79
10. F 56 1999 LR 897 28.8 26.8  Pos Neg 76 8 66
11. M 52 2002 LR  96.6 20.0 180 Neg Neg 80 0 59
12. M 62 1998 LR 969 12.6 106 Neg Neg 72 9 86
13. F 69 2003 LR 926 16.8 125 Neg Neg 66 4 68
14 M 71 2004 LR 919 18.8 129  Neg Neg 76 6 67
CLL-II

01. M 68 2000 HR 91.3 18.6 11.6 Pos Pos 18 50 68
02. F 83 1994 HR 100 16.5 12.6 Pos  Neg 15 25 76
03.% F 80 2002 HR 986 23.4 20.3 Pos  Pos 24 75 59
04. M 48 2001 HR 99.7 16.2 12.3 Pos Pos 30 48 75
05. M 60 2002 HR 100 14.9 109  Pos  Pos 16 42 66
06. F 55 2003 HR 987 18.9 153  Pos Neg 26 48 71
07.% M 71 2003 HR 982 26.0 215  Pos  Pos 25 29 68
08. M 66 1990 HR 99.1 26.2 227  Pos  Pos 19 31 62
09. M 62 2003 HR 976 16.3 127  Pos  Pos 20 42 58
10.* M 53 2001 HR 98..0 23.2 18.0 Pos  Neg 30 49 64
11. M 66 2001 IR 99.3 18.5 153  Pos  Pos 18 78 61
12. M 65 2000 IR 100 19.1 157  Pos Neg 16 62 76
13. M 62 2002 IR 98.0 14.0 105  Pos Neg 22 55 73
14. M 61 2003 IR 98.6 21.5 183  Pos  Pos 28 60 67
15. F 58 2004 HR 988 20.6 169  Pos  Pos 19 64 68
16. F 62 2004 HR 998 23.2 199 Pos Pos 18 65 63

'Chemonaive patients who never had received chemotherapy unless indicated.* These patients underwent
chemotherapy in 2005: fludarabine 25 mg/m*/day for 3 days; cyclophosphamide 250 mg/m*day for 3 days.
*Year of diagnosis.

’Stage defined in 2004 (beginning of this study) according to the Rai classification.
*Ig mutations were evaluated as described. In most patients CLL were sIgM* with the exception of patients
5,7,16,22 that were sIgD". The sequences with a germ line homology 98% or higher were considered
unmutated and those with a homology less than 98% mutated.

*WBC and among them lymphocyte count at the time of the study.

67ap70 cytoplasmic expression was evaluated by immunofluorescence as described in materials and methods
and was considered positive (Pos) when detected on >20% of B cells according to reported data.

’CD38 expression on leukemic B cells at the time of this study was evaluated by immunofluorescence and
was considered positive (Pos) when detected on >28% of B cells according to reported data.

*Percentage of dead cells determined by Trypan blue exclusion on day 7 of culture.

*Number (n) of adherent cells/field counted at 200x magnification on day 7 of culture.

"Expression of CD31 on leukemic B cells evaluated by immunofluorescence as mean
fluorescence intensity (MFI). CLL-I: MFI 73+9. CLL-II: 67+6. MFI on B cells from healthy
donors: 7248 (not shown in the table).
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LEGEND TO FIGURES

Figure 1. In vitro survival of CLL on the basis of Bcl-x;/Bax or Bcl-2/Bax ratio.

PBMC were isolated from CLL patients and cultured as described in the Materials and Methods
section. At different time points (day 1, 3, 5, 7, 9 and 14), cells were recovered and the percentage of
apoptotic or viable CD19" cells (panel A, left vs right) or the Bel-x;/Bax ratio or the Bcl-2/Bax ratio,
as mRNA (panel B) or protein ratio (panel C) were measured. Panel A: apoptotic cells were
evaluated by FACS analysis on the basis of annexin V and PI staining; results are expressed as
percentage of apoptotic (annexinV'PI', left quadrant) or viable (annexinVPI, right quadrant) B
cells, identified as CD19" cells (gate on APC-CD19" cells), and are the mean=SD from 14 CLL-I or
16 CLL-II. * p<0.01 vs. CLL-I. Panel B: mRNA was extracted from CLL-I or CLL-II cells
immediately after isolation or at the indicated time points, reverse transcribed and analysed by Q-
RT-PCR for Bcl-x;, Bcl-2 or Bax expression. Panel C: the content of Bcl-x;, Bcl-2 or Bax was
measured in cell lysates from CLL-I or CLL-II, on day 1 and day 5, by ELISA and referred to a
standard curve. Results are expressed as Bcl-x;/Bax or Bel-2/Bax ratio (B, left and right quadrants,
for mRNA; C, upper and lower quadrants for proteins) and are the mean+SD from 14 CLL-I or 16

CLL-IIL * p<0.01 vs. CLL-I; ** p<0.01 vs. dayl.

Figure 2. Phenotype of NLC derived from CLL.

PBMC from CLL-I (n=14) or CLL-II patients (n=16) or Hds (n=10) were cultured for 10 days, then
non adherent cells were removed, adherent cells fixed and stained with the indicated mAbs (panel B,
one representative experiment) or recovered for evaluation of SDF-1 mRNA expression and protein
content (panel C). Panel A: bright field of cultured cells from CLL-II patients (Aa, day 10) (Ab, day
10 after extensive washes to discard non-adherent CLL cells) at the indicated magnification, one
representative experiment out of 10 performed with comparable results. Panel B: staining was

performed on adherent cells from one representative CLL-II patient with an unrelated (Ba), or anti-
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CD31 (Bb), anti-CD14 (Bc), anti-CD68 (Bd), anti-P4H (Be), or anti-vimentin (Bf) mAbs followed
by Alexafluor 647 conjugated anti-isotype reagent. Samples were analyzed on a confocal
microscope at the indicated magnification. Panel C: RNA extracted from adherent cells of CLL-II or
CLL-I patients or Hds was reverse transcribed and Q-RT-PCR was performed with probes for SDF-
1 and results expressed as fold relative increase towards a housekeeping gene (18s) as described in
Materials and Methods (panel Ca). Cells from CLL-II or CLL-I patients or Hds were also lysed and
used for determination of SDF-1 protein content by ELISA (panel Cb). Mean+SD from CLL-II

(n=16) or CLL-I (n= 14) or Hds (n=10). * p<0.01 vs. Hds. *¥p<0.01 vs. CLL-IL

Figure 3. CD31 oligomerization prevents CLL apoptosis and up-regulates Bcl-x;, and Bcl-2.

B cells from CLL patients were cultured under culture conditions that obtain cross-linking of CD31
(CD31-XL) upon incubation with the specific mAb (1pg/ml) and addition to GAM-coated plates,
recovered at different days of culture (day 1, 3, 5, 7, 9 and 14), and the percentage of apoptotic
CD19" cells (panel A) or the Bcl-x;/Bax and the Bcl-2/Bax mRNA (panel B) or protein (panel C)
ratio were measured. None: CLL cells cultured without mAbs; aCD31F(ab’), and UmAb-XL: CLL
incubated with the F(ab’), of the anti-CD31 mAb or with unrelated murine mAb, respectively, and
cultured on GAM-coated plates. Panel A: apoptotic cells were evaluated in CLL by FACS analysis
on the basis of annexin V and PI staining (AV*PI") upon CD31-XL or UmAb-XL or a-CD31F(ab’),
culture conditions at the indicated time points. Results are expressed as percentage of apoptotic B
cells and are the meantSD from 14 CLL-I (A, left quadrant) or 16 CLL-II (A, right quadrant).
*p<0.01 vs. none or vs. UmAb-XL. Panels B and C: mRNA (panel B) or cell lysates (panel C) were
obtained from CLL-I or CLL-II B cells on day 5 of culture under CD31-XL or UmAb-XL
conditions, as indicated, and analyzed by Q-RT-PCR (panel B) or by ELISA (panel C) for Bcl-x,
Bcl-2 or Bax expression. Results are expressed as Bcl-x;/Bax (panel B, left quadrant for mRNA;

panel C, upper quadrant for protein) or Bcl-2/Bax (panel B, right quadrant for mRNA; panel C,
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lower quadrant for protein) ratio and are the mean+SD from 14 CLL-I or 16 CLL-IL. * p<0.01 vs.

none or UmADb-XL or aCD31F(ab’),.

Figure 4. Akt activation and NF-kB nuclear translocation of upon CD31 cross-linking in CLL.

Panel A: Phosphorylated Akt (pAkt) and total Akt (tAkt) were measured in the same samples by
ELISA in CLL-I (n=14, left quadrant) or CLL-II (n=16, right quadrant) lysates, before or Smin after
cross-linking of CD31 (CD31-XL) or an unrelated mAb (UmAb-XL), without (none) or with the PI-
3K inhibitor LY294002 (5pM, Sigma). Ex-vivo: freshly isolated CLL. Data were referred to
standard curves and results expressed as percentage of pAkt, normalized for tAkt. * p<0.01 vs. ex-
vivo or UmAb-XL. ** p<0.01 vs. none.

Panels B and C: NF-kB activation was evaluated by the TransAM Assay Kit in nuclear or
cytoplasmic extracts obtained from B lymphocytes from CLL patients (n=14 CLL-I; n =16 CLL-II)
before (ex-vivo) or 12h after cross-linking of CD31 (CD31-XL) or of an unrelated murine mAb (Ig-
XL). In some experiments, CLL-II cells were seeded in culture medium alone for 2 days, recovered
and CD31-XL, or UmAb-XL, was performed as above (panel D: 2days+12h after cross-linking).
Antibodies directed against an epitope on p65 (panel B and D) or p52 (panel C and D) that is
accessible only when NF-kB is activated and bound to its target DNA were then added, followed by
HRP-conjugated secondary antibody and reaction developed by the specific substrate contained in
the commercial kit. Plates were then read with an ELISA reader at ODg4sonm. Results are expressed as
nuclear/cytoplasmic (N/C) ratio and are the mean+SD from 14 CLL-I or 16 CLL-II. Panels B and C:

* p<0.01 vs. ex-vivo or UmAb-XL. ** p<0.01 vs. CLL-I. Panel D: * p<0.01 vs. none or UmAb-XL.

Figure 5. Binding to CD3I-expressing transfectants up-regulate Bcl-x; and Bcl-2 preventing
apoptosis in CLL. B cells from the two groups of CLL patients (n=10 CLL-I, panel A; n=10 CLL-II,
B) were co-cultured on monolayers of CD31 expressing stable transfectants (D12P), in the absence
or presence of the anti-CD31 M89D3 mAb F(ab’), (1pug/ml), or on mock pcDNAIneo-transfected
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CD31 negative NIH 3T3 cells (MOCK), recovered at different days of culture (day 1, 5, 7) and the
Bcl-x/Bax or the Bcl-2/Bax ratio (panels A and B) or the percentage of apoptotic cells (panel C)
were measured. Panels A and B: mRNA was extracted from B cells of CLL at the indicated time
points, reverse transcribed and analyzed by Q-RT-PCR for Bcl-xi, Bcl-2 or Bax expression. Results
are expressed as Bcl-x;/Bax (upper quadrants) or Bcl-2/Bax (lower quadrants) ratio and are the
mean+SD from 10 CLL-I or 10 CLL-IL. * p<0.01 vs. MOCK or vs. anti-CD31 F(ab’), mAb added.

Panel C: apoptotic CD19" cells were evaluated by FACS analysis (annexinV*PI") on day 7 of co-
culture of CLL-I or CLL-II cells on MOCK or D12P transfectants, in the absence or presence of the
anti-CD31 F(ab’),, as indicated. Results are expressed as percentage of apoptotic cells and are the

mean+SD from n=10 CLL-I or n=10 CLL-II). * p<0.01 vs. MOCK. ** p<0.01 vs. D12P.

Figure 6. Effect of CD31 cross-linking on CD38" and CD38 CLL.

CD38CLL-I (n=10) or CD38"CLL-II (n=11) were co-cultured with CD31"D12P transfectants, in the
absence or presence of the anti-CD31 M89D3 mAb F(ab’), (1pg/ml). Panel A: cells were recovered
on day 7 and viable cells were evaluated by FACS analysis on the basis of annexin V and PI
staining; results are expressed as percentage of viable (annexinVPI)) B cells, identified as CD19*
cells (gate on APC-CD19" cells). * p<0.01 vs. MOCK. ** p<0.01 vs D12P.

Panel B: parallel CLL samples were lysed and Bcl-x;, Bcl-2 or Bax protein content ratio measured
by ELISA. Results are expressed as Bcl-x;/Bax (upper quadrant) or Bcl-2/Bax ratio (lower quadrant)

and are the mean+SD from 11 CD38*CLL-II or 10 CD38 CLL-IL * p<0.01 vs. MOCK.
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