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Abstract
Purpose: CD73 is an adenosine-generating ecto-enzyme that
suppresses antitumor immunity in mouse models of cancer,
including prostate cancer. Although high levels of CD73 are
associated with poor prognosis in various types of cancer, the
clinical impact of CD73 in prostate cancer remains unclear.
Experimental Design: We evaluated the prognostic value of
CD73 protein expression and CD8þ cell density in 285 cases of
prostate cancer on tissue microarray (TMA). Normal adjacent and
tumor tissues were evaluated in duplicates.
Results: Univariate and multivariate analyses revealed that
high levels of CD73 in normal adjacent prostate epithelium were
signiﬁcantly associated with shorter biochemical recurrence
(BCR)-free survival. Notably, CD73 expression in normal epithelium conferred a negative prognostic value to prostate-inﬁltrating
CD8þ cells. Surprisingly, high levels of CD73 in the tumor stroma

were associated with longer BCR-free survival in univariate analysis. In vitro studies revealed that adenosine signaling inhibited
NF-kB activity in human prostate cancer cells via A2B adenosine
receptors. Consistent with these results, CD73 expression in the
prostate tumor stroma negatively correlated with p65 expression
in the nuclei of prostate tumor cells.
Conclusions: Our study revealed that CD73 is an independent
prognostic factor in prostate cancer. Our data support a model in
which CD73 expression in the prostate epithelium suppresses
immunosurveillance by CD8þ T cells, whereas CD73 expression
in the tumor stroma reduces NF-kB signaling in tumor cells via
A2B adenosine receptor signaling. CD73 expression, including in
normal adjacent prostate epithelium, can thus effectively discriminate between aggressive and indolent forms of prostate cancer.

Introduction

various types of cancer (6). In prostate cancer, Vesalainen and
colleagues (8) and Sorrentino and colleagues (9) reported that
high levels of tumor-inﬁltrating CD8þ T cells were associated with
improved disease-free survival. In contrast, K€arj€a and colleagues
(10) showed that high lymphocytic densities were associated with
shorter recurrence-free survival. Consistent with this, Ness and
colleagues (11) recently reported that high levels of tumor-inﬁltrating CD8þ T cells were signiﬁcantly associated with shorter
biochemical recurrence (BCR)-free survival in a cohort of 535
patients with prostate cancer.
One factor that can inﬂuence the prognostic value of immune
inﬁltrates is the immunosuppressive status of the tumor microenvironment (TME). T-cell function in prostate tumors can be
severely attenuated, as evidenced by their inability to mediate
cytotoxic function and secrete cytokines, and by the expression of
exhaustion markers (12–13). One of the most recently described
immunosuppressive pathways involved in tumor progression is
the CD73–adenosinergic pathway (14–28). The CD73–adenosinergic pathway is driven by tissue hypoxia and soluble factors
frequently found in the TME, including type I IFNs, TNFa, IL1b,
TGFb, and Wnt activators. Tumor-inﬁltrating immune cells are
inhibited in hypoxic and extracellular adenosine-rich tissues as a
result of adenosine 30 ,50 -monophosphate (cAMP)-mediated signaling triggered by high afﬁnity A2A and low-afﬁnity A2B adenosine receptors. Notably, recent studies published by Sitkovsky
and colleagues (14) demonstrated the potential of respiratory
hyperoxia in reversing immunosuppressive caused by the hypoxia–adenosinergic pathway.
Several studies, including from our group, have highlighted the
importance of the CD73–adenosine axis in tumor immune escape

Prostate cancer is the most common non-skin cancer among
men in western countries. Despite good detection methods, it
is still difﬁcult to predict the natural progression of the disease
(1–3). Deciding who needs to be screened and who needs to
receive treatment remains an important challenge. In addition,
although localized forms of prostate cancer can be successfully
treated, a signiﬁcant proportion of patients having undergone
interventions are at risk of relapse. Thus, considerable efforts have
been made to discover new biomarkers that can accurately predict
disease relapse and lead to better targeted treatments.
Recent studies suggest that biomarkers associated with antitumor immunity could complement the clinicopathologic parameters traditionally used in the prediction of cancer progression
(4–7). The presence of tumor-inﬁltrating CD8þ T cells, for
instance, has been associated with a favorable prognosis in
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Translational Relevance
One of the most recently described immunosuppressive
pathways involved in tumor progression is the CD73–adenosine pathway. We here report the prognostic impact of CD73
expression in prostate cancer. Our study revealed that high
levels of CD73 in normal adjacent prostate epithelium are
associated with early biochemical recurrence and increased
risk of prostate cancer bone metastasis. Our study also demonstrated that extracellular adenosine, the metabolite produced by CD73, suppresses NF-kB activity in human prostate
cancer cells via activation of the A2B adenosine receptor.
Finally, we provide evidence that CD73 expression confers a
negative prognostic value to intraepithelial CD8þ cells.

(15–28). Using a transgenic mouse model of prostate cancer (i.e.,
TRAMP mice), we recently demonstrated that CD73 deﬁciency is
associated with a signiﬁcant reduction in prostate tumor growth
and increased inﬁltration of CD8þ T cells (29). Our data thus
suggested that CD73 may be associated with prostate cancer
progression and decreased antitumor immunity.
The objective of this study was thus to assess the prognostic value
of CD73 expression in human prostate cancer. Using a TMA
composed of 285 cases of prostate cancer, we analyzed CD73
protein expression and CD8 cell density in stromal and epithelial
areas of tumor tissue and matched normal adjacent tissues. Our
results revealed that CD73 analysis in the stromal and epithelial
compartments could signiﬁcantly stratify patient outcome, that
CD73 expression confers a negative prognostic value to intraepithelial CD8þ cells, and that coanalysis of CD73 and CD8 expression,
including in normal prostate tissue, is highly prognostic.

Materials and Methods
Patients and TMA
For construction of the tissue microarray (TMA), prostate
cancer specimens were obtained from radical prostatectomy of
285 patients treated at the Centre Hospitalier de l'Universite de
Montreal (CHUM) between 1993 and 2006. An informed consent
form was signed by every patient. Cores (0.6 mm) of benign
prostate tissues adjacent to the tumor and malignant tissues were
spotted in duplicates. A pathologist reviewed each core and
misclassiﬁed cores were reclassiﬁed. After pathologist's review,
15 specimens were excluded from the analysis. A total of 285
patients were evaluable. Patients' clinicopathologic characteristics
are detailed in Table 1.
Immunohistochemistry
An automated immunohistochemistry (IHC) protocol was
used for the staining of CD8þ T cells. Brieﬂy, TMA slides were
deparafﬁnized and rehydrated with xylene and alcohols. Then,
endogenous peroxidases were blocked using diluted hydrogen
peroxide and an antigen retrieval step was performed in boiling
target retrieval solution pH 9 (Dako). Staining with anti-CD8
(Novus Biological, 4B11, 1/40) primary antibody was performed
with a BenchMark XT automated stainer (Ventana Medical System
Inc.). Revelation was done with the UltraView Universal DAB
Detection Kit (Ventana Medical System Inc.) and slides were
stained with haematoxylin, dehydrated, and mounted. TMA
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Table 1. Patient characteristics and clinicopathologic parameters
Age at diagnosis
62 years
Overall follow-up
108 months
PSA pre-op
8.6 ng/mL
Time to biochemical recurrence
35 months
Bone metastasis
No
260
Yes
25
Death
All
35
From prostate cancer
13
Biochemical recurrence
No progression
172
Progression
113
Progression at 5 years
88
Gleason score (surgery)
3þ3
139
3þ4
94
4þ3
19
4þ4
29
Castration resistant
No
262
Yes
23
Lymph node invasion
No
195
Yes
10
Not available
80
Extraprostatic extensions
No
206
Yes
79
Seminal vesicle involvement
No
254
Yes
31

slides were imaged using the automated slides scanner VS-110
(Olympus).
Immunoﬂuorescence
Multicolor immunoﬂuorescence (IF) was performed to simultaneously stain CD73 and cytokeratins. The same steps as
described in the IHC protocol were used from deparafﬁnization
to antigen retrieval. Then, tissue sections were blocked with a
solution containing 10% of horse serum and 1% of BSA for
30 minutes at room temperature. Anti-CD73 (Abcam, clone
1D7, 1/400) primary antibody was incubated over night at 4 C.
Anti-p65 (Santa Cruz Biotechnology; clone sc-8008, 1/125) primary antibody was incubated at 37 C for 60 minutes on another
slide. For CD73, staining with an anti-mouse secondary antibody
coupled to Alexa Fluor 594 was performed (1/250; Life Technologies). For p65, staining with an anti-mouse secondary antibody
coupled to Cy5 was performed (#A10524, 1/250; Life Technologies). To block mouse antibody binding sites, slides were
blocked for 60 minutes with Mouse-On-Mouse blocking reagent
(1 drop in 250 mL PBS, MKB-2213; Vector Laboratories). For
epithelial staining, anti-PSA (Santa Cruz Biotechnology, clone
A67-B/E3, 1/100), anti-CK18 (Santa Cruz Biotechnology,
clone DC-10, 1/100), and anti-CK19 (NeoMarkers MS-190-P0,
clone A53-B/A2.26, 1/100) antibodies were mixed and applied
to the slides followed by secondary antimouse antibody coupled
to Alexa Fluor 546 (Invitrogen). Slides were incubated with
0.15% sudan black in 70% ethanol. Slides were mounted with
#1.5 coverslips using Prolong Gold, which stained nuclei using
DAPI. The stained TMA slides were then imaged with the scanner
VS-110 (Olympus) for each color channel.
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Staining quantiﬁcation
For IHC, slides were visualized with the OlyVIA software (Olympus) and the numbers of CD8þ cells were manually counted in
both stromal and epithelial areas in each core. Cells included within
or touching epithelial acini was considered as part of the epithelial
compartment. The percentage of the core occupied by the stroma
and the epithelium compartment was estimated for each core.
CD8þ T-cell density was then determined for each compartment
(epithelium and stroma) by dividing cell count by the percentage of
the core occupied by the compartment. Mean CD8þ cell density of
duplicates was calculated and used for analysis.
For IF, expression levels were determined by the mean ﬂuorescence intensity (MFI) in stromal and epithelial areas in each
core for CD73, and in the nuclear (DAPIþ) compartment in the
stroma and epithelial areas for p65. Scanned images were
imported into VisioMorph software (Visiopharm) and each TMA
core was separated and automatically labeled with their respective
patient number and corresponding tissue (Benign/tumor). The
cytokeratin staining was used to create an epithelial/stromal mask
allowing for the distinction between stromal and epithelial areas
in each core. The total ﬂuorescence intensity of the CD73 staining
under each mask was measured. The MFI of CD73 staining in
epithelial versus stromal compartments was obtained by dividing
the total CD73 ﬂuorescence intensity measurement by the area of
its respective compartment. The mean MFI values of duplicate
cores for each case were calculated. The intraclass correlation
(ICC) between the duplicate cores was 0.80 for CD73 and 0.68
for p65 (P < 0.001 Spearman).
NF-kB activity assay
PC-3 human prostate tumor cells were transfected with the
3kB-conA-Fireﬂy plasmid as previously described (30) and Luciferase activity measured at indicated time-points using the manufacturer's instructions (Promega) with a multiplate luminometer
(BMG Labtechnologies, Inc.). Where indicated, cells were treated
with 50 -N-ethylcarboxamidoadenosine (NECA; Tocris), PSB1115
(Tocris), or BAY-60-6583 (Tocris).
Statistical analysis
GraphPad Prism software was used for mean comparison. To
compare CD73 expression in tumor and begnin adjacent compartments, a Kruskal–Wallis test with Dunn multiple comparison test
was used. To compare CD8 density, a one-way ANOVA followed by
a Bonferroni multiple comparison test was used. SPSS software
(SPSS Inc.) was used for correlation and Kaplan–Meier analyses.
CD73 MFI and CD8þ cells densities were correlated to patients'
clinicopathologic characteristics using a two-tailed spearman
correlation test. Biochemical recurrence-free survival was determined using the Kaplan–Meier estimator and statistical signiﬁcance
was calculated by a log-rank test. The median values of CD73
expression or CD8þ cell density were used as cutoffs to generate the
different group of patients compared for survival. Patients with
values lower than the median were considered as having low
CD73 expression or a low density of CD8þ cells and vice versa.

Results
CD73 expression is associated with biochemical recurrence and
bone metastasis
We analyzed CD73 protein expression by quantitative IF on
285 independent cases of prostate cancer. Expression levels in
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tumor tissues and normal adjacent tissues were evaluated in
duplicates. Coanalysis of CD73 and cytokeratins-18/19/PSA
allowed for speciﬁc assessment in epithelial and stromal compartments (Supplementary Fig. S1). Paired analysis of tumor and
normal tissues revealed that CD73 was modestly, albeit signiﬁcantly, higher in the tumor stroma compared with normal stroma
(Supplementary Fig. S2). When the prognostic value of CD73 was
evaluated, we found that high levels of CD73 (above median) in
normal adjacent epithelium were signiﬁcantly associated with
shorter BCR-free survival (Fig. 1A) and shorter bone metastasisfree survival (Fig. 1B). In multivariate analysis (Table 2), CD73
expression in normal prostate epithelium was also an independent negative prognostic factor of BCR-free survival (HR,
2.75; P ¼ 0.001). In contrast, high levels of CD73 in the TME
(Fig. 1C and D), in particular in the tumor stroma, were
associated with longer BCR-free survival in univariate analysis
(not signiﬁcant in multivariate analysis). Similar results were
obtained using a receiver-operating characteristics (ROC)based cutoff (Supplementary Fig. S3).
Prostate-inﬁltrating CD8þ cells are associated with worse
prognosis
We next investigated the prognostic value of CD8þ cell density.
Paired analysis of tumor and normal tissues revealed that CD8þ
cell densities were reduced in tumor epithelium compared with
normal adjacent epithelium. In contrast, CD8þ cell densities were
increased in tumor stroma compared with normal stroma (Supplementary Fig. S2). When the prognostic value of CD8þ cell
density was evaluated, we found that high levels of CD8þ cells
(above median) were signiﬁcantly associated with worse prognosis (Fig. 2; Supplementary Fig. S4). Total CD8þ cell density (in
normal adjacent and tumor tissues) was also signiﬁcantly associated with shorter BCR-free survival (Fig. 3A).
Prognostic value of a combined score of CD73 and CD8
expression
In normal adjacent prostate epithelium, CD73 expression and
CD8þ cell density were positively correlated (Spearman r, 0.181;
P ¼ 0.005). When we evaluated the prognostic value of a combined score (Fig. 3B; Supplementary Fig. S5), we observed that
patients with high levels of both CD73 and CD8 (CD73/CD8
high) had the shortest BCR-free survival (mean, 100  11.9
months), whereas patients with low levels of both CD73 and
CD8 (CD73/CD8 low) had the longest BCR-free survival (147 
11 months). Patients with high levels of both CD73 and CD8
also had shorter bone metastasis-free survival (Supplementary
Fig. S5).
CD73 expression confers a negative prognostic value to CD8þ
cells
Considering the immunosuppressive effects of CD73-derived
adenosine, we evaluated whether CD73 expression inﬂuenced the
prognostic value of intraepithelial CD8þ cells. We observed that
high densities of CD8þ cells were associated with poor prognosis
only in cases where CD73 was expressed at high levels in normal
adjacent prostate epithelium (Fig. 3C and D). Consistent with
these results, CD73 expression in normal adjacent epithelium, but
not CD8þ cell density, was an independent prognostic factor in
multivariate analysis (Table 2). Our data thus suggest that CD73
expression in the prostate epithelium regulates the prognostic
impact of inﬁltrating CD8þ cells.
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Figure 1.
Prognostic impact of CD73 in prostate
cancer. CD73 protein expression in
normal adjacent prostate tissue (A, B)
and tumor tissue (C, D) was evaluated
by IF in 285 cases of prostate cancer
on TMA. Correlation between CD73
expression levels (above or below
median) and BCR-free survival
(A, C, D) or bone metastasis–free
survival (B) was evaluated by log-rank
test (P values are shown).

CD73 expression negatively correlates with NF-kB activity
Consistent with previous studies (31), we observed a strong
positive correlation between CD73 gene expression and several
Table 2. Multivariate Cox regression analysis of CD73 (A) or CD8 and CD73 (B)
for BCR-free survival
Factor
A
pT stage
Gleason score
PSA pre-op (>10 ng/mL)
Lymph node involvement
Extraprostatic extension
Positive surgical margin
CD73 normal adjacent epith
CD73 normal adjacent stroma
CD73 tumor epith
CD73 tumor stroma
B
pT stage
Gleason score
PSA pre-op (>10 ng/mL)
Lymph node involvement
Extraprostatic extension
Positive surgical margin
CD73 normal adjacent epith
CD8 normal adjacent epith
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HR (95% CI)

P

0.897 (0.294–2.737)
1.253 (0.995–1.578)
1.615 (0.956–2.728)
1.869 (0.778–4.489)
3.364 (1.006–11.243)
1.869 (1.054–3.311)
2.753 (1.483–5.109)
0.584 (0.316–1.077)
1.018 (0.534–1.941)
1.002 (0.526–1.910)

0.849
0.056
0.073
0.162
0.049
0.032
0.001
0.085
0.957
0.995

1.052 (0.346–3.199)
1.210 (0.970–1.509)
1.588 (0.943–2.674)
1.661 (0.680–4.055)
2.708 (0.824–8.899)
1.734 (1.003–2.999)
1.654 (1.000–2.735)
1.356 (0.830–2.218)

0.929
0.091
0.082
0.266
0.101
0.049
0.050
0.224

TGFb genes in human prostate tumors (Supplementary Fig. S6).
We next investigated the potential mechanism by which CD73 in
the TME negative regulates prostate cancer progression (Fig. 1C
and D). We hypothesized that CD73-derived adenosine could be
associated with decreased NF-kB activity in prostate tumor cells.
NF-kB has been shown to promote prostate tumor cell survival,
proliferation, and invasiveness, and to be associated with poor
prognosis in patients with prostate cancer (32). Interestingly,
extracellular adenosine can alter NF-kB signaling via activation
of adenosine receptors (33–35). To test our hypothesis, we ﬁrst
assessed whether CD73 expression levels negatively correlated
with NF-kB activity using nuclear p65 expression. As shown in
Fig. 4A, CD73 expression levels in the prostate tumor stroma
negatively correlated with nuclear p65 expression in prostate
tumor cells. We next measured NF-kB activity in PC-3 human
prostate tumor cells treated with the pan-adenosine receptor
agonist NECA. As shown in Fig. 4B, NECA signiﬁcantly inhibited
endogenous NF-kB activity in human prostate tumor cells. Realtime PCR analysis revealed high levels of A2B adenosine receptor
expression in PC-3 tumor cells (Fig. 4C). To assess the role of A2B
adenosine receptor in NF-kB regulation, PC-3 cells were treated
with a selective A2B receptor agonist (BAY-60-6583) or an A2B
receptor antagonist (PSB-1115). As shown in Fig. 4B, treatment
with the selective A2B receptor agonist signiﬁcantly suppressed
NF-kB activity, whereas treatment with the selective A2B receptor
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Figure 2.
þ
Prognostic impact of CD8 cell
þ
density in prostate cancer. CD8 cell
density in normal prostate adjacent
tissue (A, B) and tumor tissue (C, D)
was evaluated by IHC in 285 cases of
prostate cancer on TMA. Hematoxylin
counterstaining allowed for speciﬁc
assessment in epithelial (A, C) and
stromal (B, D) compartments.
þ
Correlation between CD8 cell
density (above or below median) and
BCR-free survival was evaluated by
log-rank test (P values are shown).

antagonist rescued the suppressive effect of NECA on NF-kB
activity. Take together, our data demonstrated that extracellular
adenosine inhibits NF-kB activity in human prostate cancer cells
via A2B adenosine receptor.

Discussion
Given the heterogeneity of prostate cancer and concerns regarding overtreatment, signiﬁcant effort is currently being deployed to
identify biomarkers capable of distinguishing aggressive and
indolent forms of the disease. The objective is to develop
improved classiﬁcation methods that will help its clinical
management.
Biomarkers associated with immune inﬁltrates (e.g., CD8 and
CD3) and immunosuppressive molecules (e.g., PD-L1) have
recently emerged as highly promising in various types of cancer
(4–7). Immune biomarkers also have the potential to identify
cancer patients most likely to respond to immunotherapy (7). In
several types of cancer, the presence of CD8þ T cells is associated
with better clinical outcomes. In prostate cancer, however, the
prognostic value of tumor-inﬁltrating lymphocytes has long been
unclear. Earlier studies reported that prostate tumor-inﬁltrating
lymphocytes were either not associated with prognosis or asso-
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ciated with better outcomes (8–10). Recent studies in large
cohorts have however challenged this notion. In their analysis
of 535 cases on TMA, Ness and colleagues (11) demonstrated that
high densities of CD8þ T cells (in tumor epithelium only or in
total tumor tissues) were independent negative prognostic factors
of biochemical recurrence (HR, 1.45 and 1.57, respectively).
Our results support the ﬁndings of Ness and colleagues (11).
Indeed, we also demonstrated that high levels tumor-inﬁltrating
CD8þ T cells were associated with shorter BCR-free survival. In
addition, we demonstrated that high levels of CD8þ T cells in
normal adjacent prostatic epithelium were also associated with
poor prognosis. As suggested by Ness and colleagues (11), one of
the potential explanations is that CD8þ T cells might display
immunosuppressive functions in the prostate. Several studies
have indeed described the presence of immunosuppressive
CD8þ T cells in tumors, including in prostate tumors (36–38).
The mechanisms of immunosuppression by prostate tumor-inﬁltrating CD8þ T cells include the production of extracellular
adenosine by ecto-nucleotidases (39), CTLA-4 expression and
production of IL35 (38). Interestingly, the prostate microenvironment has been implicated in the conversion of effector CD8þ T
cells into immunosuppressive CD8þ T cells (40). Although the
underlying mechanism of such conversion remains undeﬁned, we
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Figure 3.
þ
Prognostic impact of total CD8 cell
density and a combined CD73/CD8
score. A, correlation between total
þ
CD8 cell density (in tertiles) and
BCR-free survival was evaluated by
log-rank test (P value shown). B,
correlation between a combined
CD73/CD8 score (based on median
expression) and BCR-free survival was
evaluated by log-rank test (P value
shown). C and D, correlation between
þ
CD8 cell density (above or below
median) and BCR-free survival was
evaluated in CD73-high (above
median) and CD73-low (below
median) cases by the log-rank test
(P values are shown).

believe CD73 expression and extracellular adenosine may be
involved. This is supported by our observation that high levels
of CD73 in the prostatic epithelium confers a negative prognosis
to CD8þ cells, and by the fact that extracellular adenosine can
convert CD4þ T cells into immunosuppressive cells (41–42).
Clearly, further work is needed to decipher the potential role of
the CD73–adenosinergic pathway in the generation and function
of CD8þ T suppressor cells.
Our multivariate analysis highlighted the negative prognostic
impact of CD73 expression in normal adjacent prostate epithelium, exceeding the prognostic value of pathologic staging, Gleason score or preoperative PSA levels. Consistent with our previous
studies in TRAMP transgenic mice (29), CD73 expression in
normal prostatic epithelium negatively inﬂuenced the clinical
impact of prostate-inﬁltrating CD8þ T cells.
Because CD73 can be induced by TGFb (31), we investigated
the potential association between CD73 and TGFb genes in
human prostate tumors. Our gene expression analysis revealed
a strong positive correlation between CD73 and several TGFb
genes, suggesting coregulation. TGFb is classically deﬁned as a
tumor suppressor in the early stages of carcinogenesis and a tumor
promoter in established cancers. In prostate cancer, TGFb forms a
growth barrier in response to PTEN deletion (43). Paradoxically, it
also promotes the expression of prometastatic genes and the
development of bone metastases (44). TGFb is also important
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in the normal prostate, where cellular interactions between luminal epithelial cells and stromal cells determine the amount of
active TGFb, in order to maintain tissue homeostasis (45). It is our
assertion that CD73 expression in normal prostatic epithelium
may also be regulated by TGFb. Because androgen ablation is
associated with an increased production of TGFb in the prostate,
CD73 may also be induced by androgen deprivation therapy
(ADT). This possibility merits further investigation, especially
considering that ADT is known to increase prostatic T-cell inﬁltration without affecting clinical outcomes (46–47).
In contrast to the poor prognosis associated with CD73 expression in normal adjacent prostatic epithelium, our data revealed
that high levels of CD73 in prostate tumors resulting for expression by stromal cells were associated with better prognosis. Our
correlative clinical data and in vitro studies support the notion that
high levels of CD73 in the prostate TME contribute to reducing
NF-kB activation in prostate cancer cells. The NF-kB complex is a
key transcription factor involved in the regulation of proinﬂammatory genes, aberrantly activated in prostate cancer (30). Gannon and colleagues demonstrated that nuclear p65 expression, a
surrogate of NF-kB activity, could predict early BCR in prostate
cancer patients (32). Our current study demonstrated that extracellular adenosine produced by CD73 suppresses NF-kB activity
in human prostate cancer cells via activation of the A2B adenosine
receptor.
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Figure 4.
Adenosinergic signaling via A2B adenosine
receptor inhibits NF-kB activity in human
prostate cancer cells. A, correlation between
CD73 expression levels in prostate tumor stroma
and nuclear p65 expression in prostate tumor
cells on TMA (n ¼ 254) was evaluated
(Spearman r and P value are shown). B, PC-3
prostate tumor cells were transfected to express
the 3kB-conA-Fireﬂy NF-kB reporter plasmid.
Cells were then treated with NECA, BAY-606583, or PSB-1115, and luciferase activity was
measured 32 hours later (mean relative units 
SE of triplicates are shown;  , P < 0.001 by the
Student t test). C, real-time PCR analysis of
ADORA1, ADORA2A, ADOAR2B, and ADORA3
mRNA expression in PC-3 human prostate tumor
cells (relative to GAPDH).

Another mechanism by which CD73 and extracellular adenosine may contribute to improve clinical outcomes in prostate
cancer is through tumor cell apoptosis. As described above,
CD73 expression is strongly correlated with TGFb in prostate
tumors. An important function of TGFb is to maintain
genomic stability via activation of DNA damage responses
(DDR; ref. 48). Interestingly, a recent study revealed that
p53 activation can induce the expression of A2B adenosine
receptor and stimulation of A2B receptor can amplify p53induced apoptosis (49). Thus, in addition to its inhibitory
effect on NF-kB signaling, extracellular adenosine may eliminate prostate tumor cells via p53 activation.
Because of its short-range paracrine effects, we hypothesize that
extracellular adenosine generated by CD73 in the normal prostatic epithelium suppresses the effector function of inﬁltrating
CD8þ T cells without affecting distant tumor cells. In contrast,
adenosine produced by CD73 in the tumor stroma may suppress
both immune cells and tumor cells, thus favoring better clinical
outcome (Supplementary Fig. S7). Whether the prognostic impact
of CD73 expression would be different in metastatic castrationresistant prostate tumors or in the context of immunotherapy
remains unknown.
High levels of CD73 in tumors have generally been
associated with poor clinical outcomes (16), including in
melanoma, colorectal cancer, triple negative breast cancer
(TNBC), and high-grade serous (HGS) ovarian cancer (50).
Our current study in prostate cancer sheds new light and
highlights the complexity of the adenosinergic pathway in
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cancer. The prognostic impact of CD73 and extracellular adenosine levels probably depends on several factors, such as tumor
immunogenicity, activation of speciﬁc oncogenic pathways and
loss-of-function of tumor suppressor mechanisms. Given the
role of extracellular adenosine in regulating p53 activity, we
hypothesize that targeted inhibition of the CD73–adenosinergic pathway will be most effective in cancers with p53 loss-offunction. In support of this, tumoral CD73 expression has been
associated with poor prognosis essentially in cancers harboring
frequent p53 loss-of-function, such as TNBC (22) and HGS
ovarian cancer (50).
In conclusion, our study demonstrated that CD73 protein
expression in normal adjacent prostate epithelium is an independent negative prognostic factor of BCR-free survival in prostate
cancer. Our study also provides evidence that prostate-inﬁltrating
CD8þ T cells are associated with worse prognosis in prostate
cancer, in support of recent studies (11). We propose that CD73
expression in the prostate epithelium suppresses immunosurveillance by CD8þ T cells and converts them into tumor-promoting
cells. Future studies are required to better deﬁne the impact of
CD73 expression in various cell types and adenosine signaling on
prostate cancer outcomes.
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