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The expression of CD73 on pathological B-cells is associated with shorter

overall survival of patients with CLL
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CD73 is a membrane-bound enzyme that catalyzes the extracellular conversion of adenosine monophosphate to
adenosine. Adenosine is thought to play a role in promoting tumor growth and survival together with suppressing the host
immune responses, which contribute to the multistep process of tumorigenesis. Here, we studied the expression of this
antigen in chronic lymphocytic leukemia (CLL). The expression of CD73 was analyzed by multiparametric flow cytometry
on normal and pathological B-cells from peripheral blood and bone marrow samples from 71 patients with CLL. Patholog-
ical B-cells expressed significantly lower levels of CD73 than normal B-cells (p<0.01). Patients with splenomegaly showed
a higher expression of CD73 on pathological B-cells than patients without splenomegaly (p<0.05). The expression of CD73
also correlated with beta-2-microglobulin levels (p<0.05). Clinically, patients with higher levels of CD73 versus those with
lower expression presented with shorter overall survival (median OS of 65 vs. 113 months, p<0.05). Our data indicate that
CD73 may play a role in CLL pathophysiology, is correlated with poor clinical and biological prognostic factors and may be
of potential value as a prognostic marker and therapeutic target.
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Chronic lymphocytic leukemia (CLL) is the most
common type of leukemia in adults characterized by the
proliferation and progressive accumulation of mature
clonal B-lymphocytes in the peripheral blood, bone
marrow, and lymphoid tissues [1, 2]. The clinical course
of the disease is highly variable, some patients require an
early treatment because of the disease progression and die
from the disease within a few months of the diagnosis,
while others display an indolent course that does not affect
life expectancy and live for 20 years or more [2, 3]. Two
major clinical staging systems (Binet, Rai) are unable to
prospectively discriminate an indolent or aggressive course
in individual patients within the low and intermediate-risk
categories [4, 5]. To better differentiate prognostic subsets,
several biological parameters [6-11] have been added to
the staging systems and many novel potential markers are
being investigated. 5’-nucleotidase (5-NT), also known
as ecto-5-nucleotidase or CD73 (cluster of differentia-
tion 73), is an enzyme encoded in humans by the NT5E

gene located on chromosome 6 (6ql14.3). The enzyme
consists of a dimer of 2 identical 70 kDa subunits bound
by a glycosyl phosphatidyl inositol linkage to the external
face of the plasma membrane. CD73 commonly serves to
convert AMP to adenosine [12-14]. Several studies have
linked CD73 expression to different types of solid tumors
(pancreas, lung, ovary, and colon) and several types of
hematological malignancies [15-17]. The role of adenosine
in tumor biology and apoptosis is controversial. Adenosine
is thought to play a role in cell-cell and cell-matrix inter-
actions, promote tumor growth and survival, and suppress
the host immune responses, while at the same time it was
shown to induce apoptosis through caspase activation,
which confers antitumor activity [15-17]. CD73 was also
implicated in resistance to chemotherapeutic drugs [18].
In the present study, we analyzed the expression of CD73
on pathological and normal B-cells in patients with CLL
by multiparametric flow cytometric immunophenotyping
and correlated its expression with selected clinicobiological
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characteristics, cytogenetics, and overall survival of CLL
patients.

Patients and methods

Patients and samples. Peripheral blood (PB) and bone
marrow (BM) samples from 71 patients with CLL (for details
see Table 1) were collected after obtaining written informed
consent. The samples were collected between 2007 and 2010.
All samples were processed within 24 h of the collection.
Diagnostic flow cytometry was performed in fresh samples.
The remaining biological material was further processed;
lymphocytes were isolated by Ficoll-Urografin density
centrifugation, frozen in fetal bovine serum with 10% DMSO
and stored in liquid nitrogen until additional analyses. The
diagnosis of CLL was established based on the International
Workshop CLL guidelines criteria [19].

Flow cytometric immunophenotyping. In order to
establish the immunophenotypic diagnosis of CLL, multipa-
rametric flow cytometric analysis was routinely performed
in each patient with a suspicion of chronic B-cell lymphop-
roliferative disorder using standard 6-color stainings with a
panel of antibodies targeted against the following antigens:
cluster of differentiation (CD3, CD4, CD5, CD8, CD10,
CDl11c, CD19, CD20, CD22, CD23, CD27, CD34, CD38,
CD43, CD45, CD56, CD79b, CD81, CD103, CD200, FMC7
(»Flinders Medical Centre 7¢ epitope on CD20), LAIR1
(»Leukocyte-Associated Immunoglobulin-like Receptor
1%), mIgM, mIgKappa and mIgLambda. In patients with the
established diagnosis of CLL based on the WHO criteria
including immunophenotype, the expression of CD73 on the
cell surface was analyzed using a phycoerythrin-conjugated
mouse monoclonal antibody targeted against human CD73,
clone AD2 (Cat#344044, Biolegend, USA). The cryopre-
served CLL samples were used for CD73 analysis. The
samples were thawed, washed twice in PBS and processed
using a standard stain-lyse-wash technique as described
previously [20, 21]. After staining, samples were acquired in
a FACS Canto flow cytometer (BDBiosciences, USA). The
data were analyzed using the Infinicyt v.1.7 software package
(Cytognos, Spain). For each sample, the following informa-
tion was reported separately from normal and pathological
B-cells: i) the presence or absence of the analyzed antigen
(CD73), ii) the intensity of antigen expression as reflected by
the mean fluorescence intensity (MFI) expressed as relative
linear arbitrary fluorescence channel units scaled from
0 to 2.5 x 10° of the stained cells after subtracting the MFI
obtained for control unstained cells from the same sample.
Normal mature B-cells were identified as polyclonal CD5"
CD20Meh CD197 cells whereas pathological B-cells were
identified as CD5P CD20"" CD19* cells with monotypic
expression of cell surface immunoglobulin light chains.

Interphase fluorescence in situ hybridization (iFISH).
Single-cell suspensions of mononuclear cells were obtained
from EDTA anticoagulated PB or BM samples by Ficoll-

Urographin (Sigma, Schering, Germany) density centrifu-
gation. The iFISH studies were performed on slides bearing
cells fixed in methanol/acetic acid (3:1, v/v) solution and
stored at —20°C. Analysis of deletions of 6q, 11q, 13q, 17p
and trisomy of chromosome 12 was performed using POSEI-
DON™ ON 6q21/SE6 probe (Kreatech, NL), LSI ATM, LSI
D13825, LSI P53 and CEP12 DNA probes (Vysis, USA) as
previously described in detail [22]. Denaturation and hybrid-
ization steps were performed using a ThermoBRITE hybrid-
izer (Vysis-Abbott, Des Plaines, IL, USA). The slides were
counterstained with 4, 6-diamidino-2-phenylindole (DAPI)
and the number of hybridization spots and their distribu-
tion in the nuclei were evaluated using a BX60 fluorescence
microscope (Olympus, Japan). For each slide, the number of
hybridization spots per nucleus was counted in at least 200
nuclei; only spots with a similar size, intensity and shape
were counted. For all FISH probes used, a 6% cut off level
was established. Frequencies of positive nuclei in individual
slides ranged from 12-97% in del13q; 8-70% in trisomy 12;
10-90% in dell1lq; 12-90% in del17p and 24-80% in del6q.

Statistical analysis. The data from the fluorescence
intensity measurements are expressed as median and mean
+ standard deviation. In order to establish the statistical
significance of differences observed between groups, the
non-parametric Mann-Whitney U-test was used. For paired
samples comparison, the Wilcoxon signed-rank test was
employed. For correlation analysis, the Pearson’s rho coeffi-
cient was calculated. Overall survival (OS), measured from
the time of diagnosis, was estimated according to the Kaplan-
Meier method and compared between groups by means of
the log-rank test. Statistical significance was considered to be
present once p-values were <0.05.

Results

The expression of CD73 was analyzed in pathological and
normal B-cells (Figure 1). B-cells represented 25+14% of the
total cellularity in samples. Normal B-cells were detected
in 12 out of 71 patients with CLL and represented 3+1% of
all B-cells. For both, normal and pathological B-cells, the
expression of CD73 did not significantly differ between PB
and BM samples.

However, when compared to normal B-cells, patho-
logical B-cells showed significantly lower CD73 expression
(817+1421 vs. 29001307, respectively, p<0.01; Figures 1C
and 2A). Furthermore, the analysis of eventual relationships
between CD73 expression and selected clinicobiological
characteristics showed a statistically significant correlation
between B-2 microglobulin levels and the expression of
CD73 (p=0.362, p<0.05; Figure 2C).

Moreover, patients with CLL who had splenomegaly
displayed a significantly higher expression of CD73 antigen
on pathological B-lymphocytes than patients without spleno-
megaly (15563354 vs. 400+1273; p<0.05; Figure 2B). On
the other hand, no correlations were observed between the
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Figure 1. Illustrative bivariate dot plots showing the gating strategy to identify the populations of normal (blue) and pathological (red) B-cells (A, B),
and differences in the expression of CD73 observed between normal and pathological B-cells (C), CD: cluster of differentiation; APC: allophycocyanin;
PE-Cy7: phycoerythrin-Cy7; FITC: fluorescein isothiocyanate; PE: phycoerythrin; FSC: forward scatter; SSC: side scatter.
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Figure 2. Graphs showing the differences in the expression of CD73 observed between normal and pathological B-cells in patients with chronic lym-
phocytic leukemia (CLL) (A), between CLL patients with and without splenomegaly (B), the correlation between the expression of CD73 and beta-2-
microglobulin levels (C), and Kaplan-Meier curves representing the probability of survival in CLL patients with low CD73 expression (< median CD73
MFI, purple) versus patients with high CD73 expression (> median CD73 MFI, blue) (D).

expression of CD73 and the remaining clinicobiological
characteristics and cytogenetic findings as determined by
iFISH.

From the clinical point of view, we analyzed the expres-
sion of CD73 in relation to overall survival (OS) of CLL
patients. Only patients whose death was directly related to
the primary diagnosis, CLL, were included in the analysis of
the relationship between the expression of CD73 and overall

survival. Depending on the level of CD73 antigen expression,
patients were divided into two groups based on the median
MFI value. The median CD73 antigen expression, expressed
as MF], in the whole analyzed CLL group was 61. The first
group consisted of patients in whom the antigen expres-
sion value was lower than the median (Figure 2D, dashed
line). The second group included patients with expression
values higher than the median value (Figure 2D, full line).
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Table 1. Clinicobiological characteristics of patients with CLL (n=71).

Characteristic Value
Age (years) Median (range) 62 (35-87)
Gender (n,%) Male 43 (61%)
Female 28 (39%)
Sample type (n,%) PB 20 (%)
BM 51 (%)
Disease status (n,%) Newly diagnosed/untreated 35
Relapsed/treated 36
ALC, 10°/1 Median (range) 39 (2-144)
ANC, 10°/1 Median (range) 52 (4-157)
PLT, 10°/1 Median (range) 177 (13-371)
Hb, g/l Median (range) 129 (62-180)
B2MG, mg/1 Median (range) 34 (1-11.6)
TK, 1U/1 Median (range) 15 (1-46.5)
Splenomegaly (n,%) with 20 (48%)
without 22 (52%)
Hepatomegaly (n,%) with 15 (36%)
without 27 (64%)
Lymphadenopathy (n,%) with 39 (81%)
without 9 (19%)
Rai stage (n,%) 0 3 (6%)
1 9 (19%)
I 21 (44%)
111 4 (8%)
v 11 (23%)
Cytogenetics (n,%) normal 17 (24%)
6q deletion 4 (6%)
11q deletion 13 (18%)
13q deletion 19 (27%)
17p deletion 7 (10%)
Trisomy 12 9 (13%)

WBC: white blood cell count; ALC: absolute lymphocyte count; ANC:
absolute neutrophil count; PLT: platelet count; Hb: hemoglobin; B2MG:
beta-2-microglobulin; TK: thymidine kinase. The data on splenomegaly,
hepatomegaly, lymphadenopathy and Rai clinical stages were available in
42, 42, 48 and 48 patients, respectively. The remaining data were available
in all patients.

The relationship between antigen expression level and
overall survival was graphically expressed using Kaplan-
Meier curves. The likelihood of overall patient survival was
expressed as a dependence of patient survival (in percent)
and time from diagnosis (in months). Patients with higher
CD73 expression presented significantly shorter survival
(Figure 2D, median OS = 65 months, median CD73 = 809,
full line) compared to patients in whom CD73 expression
was lower (Figure 2D, median OS = 113 months, median
CD73 = 22 expression, dashed line).

Discussion

In the present study, we demonstrate by the flow
cytometric immunophenotyping that CLL B-cells display
a lower expression of CD73 than normal B-cells. Similar

results were reported by Pulte et al. [23], who found lower
expression of CD73 on both clonal B-cells and T-cells in the
majority of CLL patients as well as by Osman et al. [24], who
found significantly lower expression of CD73 on both clonal
B-lymphocytes and T-lymphocytes in all their patients.
Serra et al. [15] tested the CD73 expression in peripheral
blood and in lymph nodes of CLL patients and identi-
fied CD73* and CD73~ CLL patients with approximately a
third of the patients harboring CD73*/CD19" populations.
Those results were confirmed using RT-PCR, in which CD73
showed undetectable to low levels in approximately half of
the patients [15]. The beta-2-microglobulin concentration
is associated with the extent of the disease and its more
aggressive course [25]. In our CLL patients with stronger
CD73 expression, higher levels of beta-2-microglobulin were
found, which might indicate a more advanced stage or more
aggressive course of the disease. This is consistent with a
study in which Serra et al. [15] evaluated the clinical implica-
tions of CD73 in chronic lymphocytic leukemia (CLL) and
found that high expression of CD73 is associated with more
aggressive clinical behavior characterized with larger CLL
clone and poor prognostic markers — namely, higher expres-
sion of Ki-67, CD38, and ZAP70. In contrast, Pulte et al. [23]
suggested that patients with CD73* CLL have a less aggres-
sive course compared with CD73~ CLL, which was associated
with more advanced disease. Osman et al. [24] demonstrated
significantly lower CD73 expression on T-lymphocytes in
patients with Binet stage C compared with those who had
the early-stage disease (A or B) at diagnosis. The presence
or absence of lymphadenopathy and organomegaly deter-
mines the inclusion of a patient to the appropriate clinical
stage according to the Rai’s staging system. We found that
patients with splenomegaly displayed significantly higher
levels of CD73 expression on pathological B-lymphocytes
than patients without splenomegaly. In terms of treatment,
CD73 is an ecto-5-nucleotidase enzyme which, together
with serum phosphatase, converts fludarabine (adminis-
tered as 5-nucleotide monophosphate) to a nucleoside. Serra
et al. [15] showed that CD73 positive CLL B cells produced
adenosine, which was able to inhibit apoptosis of CLL B
cells induced by fludarabine. In contrast, Mackey et al. [26]
found that higher levels of CD73 mRNA were associated
with a trend towards a longer time to disease progression in
patients treated with fludarabine. According to our results,
high expression of CD73 is associated with shorter overall
survival of CLL patients.

To conclude, our data show that the expression of CD73
is lower on pathological than normal B-cells and it is signifi-
cantly correlated with increased -2 microglobulin levels
and the presence of splenomegaly, indicating more active
and aggressive disease. Most importantly, we found that high
expression of CD73 is associated with significantly shorter
OS in CLL patients. To the best of our knowledge, this is
the first demonstration of the impact of CD73 expression
on CLL patients” survival. These results suggest that CD73
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may play a significant role in the pathophysiology of CLL,
its expression correlates with disease activity, and it may
predict overall survival of CLL patients Furthermore, CD73
might serve as a potential target for the development of novel
anticancer drugs.
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