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Ecto-5¢-nucleotidase (CD73), a cell surface protein that hydrolyzes
extracellular AMP into adenosine and phosphate, is overexpressed
in many solid tumors. In this study, we tested the hypothesis that
increased CD73 may promote tumor progression by examining the
effect of CD73 suppression via RNA interference and CD73 over-
expression on tumor growth in vivo and in vitro. Using digitized
whole-body images, plate clone forming assay and TUNEL assay in
frozen tissue sections, we found that the cell growth rate was sig-
nificantly lower in vivo and in vitro after CD73 suppression and
late apoptosis was much higher in xenograft tumors developed
from the CD73-siRNA transfected MB-MDA-231 clone (P1). By flow
cytometry, the P1 cell cycle was arrested in the G0/G1 phase. More-
over, Bcl-2 was downregulated, while Bax and caspase-3 were up-
regulated with CD73 suppression. CD73 inhibitor a,b-methylene
adenosine-5¢-disphosphate (APCP) functioned similarly with RNAi-
mediated CD73 suppression. In addition, in transfected MCF-7
cells, we found that CD73 overexpression increased cell viability
and promoted cell cycle progression, depending on its enzyme
activity. More intriguingly, CD73 overexpression in MCF-7 breast
cancer cells produces a tumorigenic phenotype. We conclude that
CD73 plays an important role in breast cancer growth by affecting
cell cycle progression and apoptosis. (Cancer Sci 2010; 101: 2561–
2569)
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B reast cancer develops in 14% of women and is a leading
cause of cancer death in women around the world.(1)

Understanding the molecular mechanisms of breast carcinoma
progression is important for effective treatments. Ecto-5¢-nucle-
otidase (CD73) is a 70 kDa glycosylated protein that is bound to
the outer surface of the plasma membrane by a glycosyl phos-
phatidyl inositol anchor and co-localized with detergent-resis-
tant and glycolipid-rich membrane sub-domains called lipid
rafts.(2) CD73 hydrolyzes extracellular AMP into adenosine and
phosphate. Adenosine, a proliferative factor, acting through G-
protein coupled receptors, produces a spectrum of physiological
functions.(3) In addition, it causes tumor growth, angiogenesis
and immune suppression.(4) CD73 upregulation is associated
with a highly invasive cancer phenotype, drug resistance and
tumor-promoting functions.(5) In addition to acting as a hydro-
lytic enzyme to generate adenosine, CD73 may serve as an
adhesive molecule and interact with extracellular matrix glyco-
protein, such as fibronectin and laminin, to produce cancer-inva-
sive properties.(6) Bavaresco et al.(7) reported that CD73
mediated glioma cell proliferation depends upon adenosine. Fur-
thermore, CD73 is overexpressed in the progression of many
human solid tumors, such as breast cancer,(8,9) papillary thyroid
carcinomas,(10) melanoma (11) and prostate cancer.(12) All these
factors implicate the crucial role of CD73 in tumorigenesis. To
date, our knowledge on the mechanisms of CD73 on tumor
growth is still limited. Previously, we showed that CD73 may
promote metastasis by facilitating the migration, adhesion and
invasion of human breast cancer cells.(13) The present studies
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examine the effect of RNAi-mediated CD73 suppression and
CD73 overexpression on tumorigenicity in vivo and in vitro
on cell growth, and further explore its underlying regulatory
mechanisms.

Materials and Methods

Cell culture. Breast adenocarcinoma cell lines MB-MDA-231
and MCF-7 were obtained from the American Type Culture
Collection and maintained in an exponential growth phase in
Dulbecco’s modified Eagle’s medium supplemented with 10%
fetal calf serum (Gibco, Carlsbad, CA, USA) and glutamine.
The cells were incubated normoxically in 5% CO2 at 37�C and
95% humidity.

Construction and transfection of siRNA plasmids. siRNA plas-
mids constructions were carried out according to a previous
report.(8) Briefly, three CD73 (Gene ID: 4907) DNA sequences
(TCTCAATCATGCCGCTTTA, GCCACTAGCATCTCAAA-
TA and GATCGAGTTTGATGAAAGA) were selected for
designing the siRNA target. And then three CD73 siRNA plas-
mids were constructed based on the U6 siRNA expression vec-
tor, pRNAT-U6.1/Neo vector (GenScript Corp., Piscataway, NJ,
USA). The control RNA interference (RNAi) sequence was a
randomly scrambled sequence not found in mouse, human or rat
genome databases. All constructs (control plasmid, CD73
siRNA1, CD73 siRNA2, CD73 siRNA3) were confirmed by
sequencing. In a pilot study, the CD73 siRNA2 plasmid was
found to be the best (data not shown). Therefore, the CD73 siR-
NA2 and control plasmids were transfected into MB-MDA-231
cells, respectively, using Lipofectamine 2000 (Invitrogen, Carls-
bad CA, USA). Clones were screened and sub-cultured for
CD73 expression analysis. Constructions of CD73 mutant vector
(active site His 92 of CD73 enzyme was substituted to Ala) were
carried out according to Gutensohn et al.(14)

Analysis of CD73 enzyme activity. Surface CD73 enzyme
activity was assessed by measuring the conversion of etheno-
AMP (E-AMP) (Sigma-Aldrich, St Louis, MO, USA) to etheno-
adenosine (E-Ado) (Sigma-Aldrich) with high performance
liquid chromatography (HPLC).(15) Hank’s balanced salt solu-
tion with or without CD73 specific inhibitor a,b-methylene
ADP (a,b-methylene adenosine-5¢-disphosphate [APCP], 10 lM)
was added to an epithelial monolayer on six-well plates. After
10 min, E-AMP/E-ATP (final concentration 100 lM) was added
for an additional 10 min, and then acidified to pH 3.5 with HCl,
spun (10 000g for 20 s at 4�C), filtered (0.45 lm) and frozen
()80�C). E-AMP and E-Ado were separated with a 4–40%
methanol/H2O gradient mobile phase (1 mL/min over 20 min).
CD73 enzyme activity was expressed as E-Ado production per
mg protein in 10 min.
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Table 1. Primer sequences used in the study

Gene name Forward primer (5¢–3¢) Reverse primer (5¢–3¢)

b-actin GGTGGCTTTTAGGATGGCAAG ACTGGA ACGGTG AAG

GTGACAG

Caspase-3 ATGGAAGCGAATCAATGGACTC CTGTACCAGACCGAGA

TGTCA

Bcl-2 GAACTGGGGGAGGATTGTGG CCGGTTCAGGTAC TCA

GTCA

Bax GGGTGGTTGGGTGAGACTC AGACACGTAAGGAAA

ACGCATTA
Colony formation assay. For the colony formation assay,
approximately 3 · 103 cells were plated in 60 mm culture
dishes, and replenished every 2–3 days with complete medium.
After 14 days incubation, the cells were fixed with methanol
and stained with 0.5% crystal violet. Visible colonies were man-
ually counted. All experiments were performed in triplicate. The
clone formation rate (CFR) was computed according the follow-
ing formula: CFR = clone counts/seeded cell counts · 100%.

Cell counting kit-8 (CCK-8) assay. Cell proliferation was
assessed by CCK-8 assay according to the manufacturer’s
instruction (Dojindo Laboratories, Gaithersburg, MD, USA).
Cells in a 96-well plate were incubated in 10 lL CCK-8 solution
for 1 h at 37�C. Absorbance of each well was quantified at
450 nm with an automated ELISA reader (Bio-Tech Instru-
ments, Winooski, VT, USA).

Flow cytometry for analysis of cell cycle and apoptotic
cells. Cell cycle analysis was performed using ethanol-fixed
cells stained with propidium iodide in buffer containing RNase
A. The DNA content was assessed using a FACS Calibur Flow
Cytometer (Becton-Dickinson, San Jose, CA, USA).

Apoptotic cells were assessed following the manufacturer’s
protocol (Becton-Dickinson). In short, the transfected MB-
MDA-231 cells were harvested, washed twice with ice-cold
PBS, resuspended in 1 · binding buffer at a concentration of
1 · 106 cells/mL, incubated with Annexin V-PE (Phycoery-
thrin) and 7-ADD (7-Amino-actinomycin) for 15 min at room
temperature in darkness, and then analyzed by flow cytometry
within 1 h. The APCP pretreated cells were incubated with Ann-
exin V-FITC and PI.

Murine xenograft model for tumorigenicity assay. The effect
of CD73 on tumorigenicity was assessed by subcutaneous injec-
tion of 2 · 106 transfected MB-MDA-231 cells into athymic
nude mice. Fluorescent tumors growing in live mice were
imaged in real time by a whole body imaging system (Night
OWL || LB 983; Berthold Technologies, Bad Wildbad, Ger-
many). The number and intensity of pixels in each image were
calculated and converted to millimeter square for each tumor
with a software program. For quantification of light signals, the
fluorescence intensity, an average value of all detectable GFP
signals, was measured in relative units defined by the gray scale
in the green channel of the charge-coupled divice (CCD) camera
(Berthold Technologies, Bad Wildbad, Germany) and expressed
as photons/second (ph/s). An intensity visualized just above the
background was used as the threshold.(16) In addition, the mean
tumor volume was measured every 3 days by a vernier caliper
and calculated according to the formula: a · (b)2 · 0.5 (a, larg-
est diameter; b, perpendicular diameter).

TUNEL (TdT-mediated dUTP nick end labeling) assay. The
tumor mass was fixed with formalin and frozen tissue sections
were prepared for apoptosis analysis by TUNEL assay. Apopto-
tic cells were identified with an in situ cell death detection kit
(Roche, Mannheim, Germany). The sections were incubated
with 50 lL TUNEL reaction mixture containing TdT for 60 min
at 37�C, and then incubated with horseradish-peroxidase-avidin
(0.5 mg/mL in PBS) for 30 min at 37�C, stained with 3,3-diami-
nobenzidine (DAB), and examined in 10 randomly selected
fields. Nuclei with a brown stain indicated TUNEL-positive
cells. Cell death was expressed as a percentage of the total cells
counted.

Measurement of gene mRNA and protein expressions by real-
time RT-PCR and western blot assays. Total RNA and proteins
were isolated. Then, mRNA and protein expressions were deter-
mined by real-time RT-PCR and western blot assays, respec-
tively, as previously described.(8) The primer sequences of the
housekeeping gene b-actin and aim genes are listed in Table 1.
Primary antibodies against CD73, Caspase-3, Bcl-2, Bax,
respectively were purchased from Santa Cruz Biotechnology
(Santa Cruz, CA, USA). Cleaved Caspase-3 (Asp175) (5A1)
2562
rabbit mAb detecting endogenous levels of the large fragment
(17/19 kDa) of activated caspase-3 was purchased from Cell
Signaling Technology (Trask Lane Danvers, MA, USA).

Tissue microarray assay and immunohistochemical staining. Tissue
microarrays containing 80 specimens from different stages of
breast cancer and 10 specimens from adjacent non-cancer
tissues were obtained from Shanghai Outdo Biotech Co. (Shang-
hai, China), and CD73 expression was assayed by immunohisto-
chemistry. The slides were incubated with anti-NT5E rabbit
polyclonal antibody (Cat. #AP2014b, 1:50 dilution; Abgent, San
Diego, CA, USA) at 37�C for 2 h, where normal rabbit serum
was used as a negative control, followed by incubation with a
horseradish peroxidase–conjugated anti-rabbit secondary anti-
body (Santa Cruz, CA, USA) at 37�C for 1 h. The signals were
detected using diaminobenzidine substrate kit (Vector Laborato-
ries, Burlingarne, CA, USA). Counterstaining was performed
with hematoxylin.

An immunohistochemical score (IHS) was used to value
CD73 expression in breast tissues. This method is based on the
German ImmunoReactive score for image analysis-based scor-
ing systems.(17) The IHS is calculated by multiplying the quan-
tity and intensity scores. Theoretically, the scores could range
from 0 to 12. An IHS score of 0 denotes negative, 1–4 is weak,
5–8 is moderate and 9–12 is strong immunoreactivity. The
expression grade of Bcl-2 was provided by Shanghai Outdo Bio-
tech Co.

Statistical analysis. Data from three or more separate experi-
ments were presented as mean ± SEM. ANOVA and the Student–
Neuman–Keuls post test were performed. Statistical significance
was defined as P < 0.05.

Results

Identification of transfected cells. In our previous study,
CD73 mRNA expression was significantly suppressed in six
CD73 siRNA transfected clones (P1, P2, P3, P4, P5, P6).(8)

Among them, P1 had the lowest expression of CD73 and there-
fore was used in the current study. Expression of enhanced
green fluorescent protein (EGFP) was checked under fluorescent
microscope and flow cytometry. The transfected MB-MDA-231
cells had a high-level of EGFP expression (Fig. 1A). As shown
in Figure 1(B), the green fluorescent population of P1 cells cul-
turing with G418 was 85.6%. Figure 1(C) was a representative
HPLC chromatograph of E-AMP and E-Ado. The HPLC data
show CD73 siRNA suppressed CD73 activity (Fig. 1D).

Reduction of colony formation by CD73 RNAi. Effect of
RNAi-mediated CD73 suppression on colony formation was
examined. In the current study, 3 · 103 cells were used for the
colony formation assay. This number of cells was chosen based
on a pilot study, in which different numbers of untreated MB-
MDA-231 cells (100, 500, 1 · 103 and 3 · 103) were used
(Fig. 2A). Transfected and non-transfected MB-MDA-231 cells
were plated and colony formation assays were performed
14 days after plating. Colony numbers were much lower in
doi: 10.1111/j.1349-7006.2010.01733.x
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Fig. 1. Identification of stably transfected cells. (A) High-level GFP expression in transfected MB-MDA-231 cells detected using fluorescence
microscope. (B) Analysis of the green fluorescent population of P1 cells cultured with G418 by flow cytometry (FCM). (C) Representative high
performance liquid chromatography (HPLC) of E-AMP and E-Ado. Fluorescence was detected at a wavelength of 270/418 nm (excitation/
emission). (D) Surface CD73 enzyme activity assessed by measuring E-Ado with HPLC. The enzyme activity decreased in CD73 siRNA transfected
cells and in APCP (10 lM) treated cells (n = 8; *P < 0.05 vs control siRNA and untreated groups, respectively).
transfected versus non-transfected and control siRNA transfected
groups (Fig. 2B).

CD73 downregulation retarding tumorigenicity in nude mice. A
subcutaneous tumor assay was conducted to examine the effect
of RNAi-mediated CD73 suppression on tumor growth in vivo
in nude mice. The EGFP fluorescence area and intensity of
xenografts from P1 cells were significantly smaller than those in
the control siRNA group at 21 days (Fig. 2C1). Our data showed
that CD73 siRNA inhibited growth of breast cancer cells in vivo
significantly when compared with the control siRNA groups
(Fig. 2C2,C3).

Effect of CD73 RNAi on the cell cycle. The cell cycle was ana-
lyzed to elucidate the mechanisms underlying the siRNA-medi-
ated growth inhibition. Compared with control siRNA
transfected and non-transfected cells, P1 cells increased
9.9 ± 1.2% in the G1/G0 phase, and decreased 10.7 ± 0.5% in
the S phase (n = 3, P < 0.05, Table 2).

Effect of CD73 overexpression. CD73 was overexpressed in
pcDNA3.0-NT5E transfected MCF-7 cells (Fig. 3A). Interest-
Zhi et al.
ingly, as Figure 3(B) shows, none of the control cells or parental
MCF-7 cells gave rise to tumors after 21 days, while 3/5 mice
injected with pcDNA3.0-NT5E transfected MCF7 cells pro-
duced tumors that grew in a rapid fashion. In addition, the via-
bility of pcDNA3.0-NT5E transfected cells increased when
examined by CCK-8 assay (Fig. 3C) and cell-cycle progression
was promoted when assessed by flow cytometry (Table 3).
However, transfection of mutant constructions with substituted
active site (His 92) to Ala does not promote MCF-7 cell viability
and cell-cycle progression (Fig. 3C and Table 3).

Increased apoptosis with CD73 RNAi. We measured apoptosis
using two methods (flow cytometry and TUNEL assay) to
determine if the growth inhibition caused was due to apoptotic
cell death. By Annexin V/7-AAD or Annexin V/PI double
staining, flow cytometry data can show early (labeled with
Annexin V alone) and late (labeled with Annexin V/7-AAD or
Annexin V/PI) apoptotic cells. Our data demonstrated that the
early and late apoptotic rate of P1 cells increased significantly
compared with the control siRNA cells (Fig. 4A1,A3). CD73
Cancer Sci | December 2010 | vol. 101 | no. 12 | 2563
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Fig. 2. Effect of CD73 on cell growth in vivo and in vitro. (A) MB-MDA-231 cells (100, 500, 1 · 103 and 3 · 103) were used for colony formation
assays and 3 · 103 was the optimal number of cells. (B) Colony formation assays for three groups (untreated, control siRNA and CD73 siRNA)
were performed. The colony numbers were much lower in CD73 siRNA transfected cells than in the untreated and control transfected cells
(n = 3; *P < 0.05 vs untreated and control siRNA groups). (C) In vivo tumor growth. C1: whole body imaging of nude mice. The left two pictures
are photographed with optic and fluorescent imaging systems, respectively. The third picture is the integrated photo of the two. The fourth
picture depicts two tumor-bearing mice showing that CD73 RNAi inhibited growth of transplanted tumor. C2: the GFP fluorescence area and
intensity were substantially greater in the control xenograft than those from P1 cells at 21 days. C3: tumor growth curve by regular
measurement. CD73 RNAi inhibited growth of transplanted tumor (n = 5; *P < 0.05 vs control siRNA groups).

Table 2. Cell cycle analysis in different MB-MDA-231 cells

CD73 siRNA Control siRNA Untreated

G0G1 65.83 ± 4.37* 55.02 ± 8.09 56.74 ± 7.65

S 8.86 ± 0.53* 19.24 ± 1.67 19.96 ± 2.40

G2M 17.93 ± 3.08 18.10 ± 3.58 18.43 ± 2.74

Data are expressed as mean ± SEM (%). *P < 0.05, compared with
control siRNA transfected and untreated cells. CD73 siRNA cells (P1) in
the G1/G0 phase increased by 9.9 ± 1.2%, whereas P1 cells in S phase
reduced by 10.7 ± 0.5% (n = 3).
inhibitor APCP functioned similarly with RNAi-mediated
CD73 suppression (Fig. 4A2,A3). The TUNEL assay, based on
the labeling of DNA strand breaks for the detection of apopto-
sis in frozen sections of xenograft tumor, revealed more intense
2564
brown staining in the P1 group than in the control group
(Fig. 4B).

Effect of CD73 RNAi on activation of the apoptotic path-
ways. We examined different apoptotic pathways to look at the
mechanism of CD73-shRNA-induced apoptosis by assessing
protein (western blot) and mRNA (real-time PCR) expression.
Caspase-3 expression increased both at mRNA and protein lev-
els (Fig. 5A1,A3). The approximately 35 kDa pro-Caspase-3
protein was detected in all samples while active/cleaved Cas-
pase-3 was detected only in CD73 inhibited cells (Fig. 5A2). In
the presence of CD73-shRNA, the anti-apoptotic Bcl-2 expres-
sion decreased, whereas the pro-apoptotic Bax expression
increased significantly (Fig. 5B,C). CD73 inhibitor (APCP) pro-
duced similar effects on caspase-3, Bcl-2 and Bax expressions
(Fig. 5).
doi: 10.1111/j.1349-7006.2010.01733.x
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Fig. 3. The effect of CD73 overexpression on cell growth. (A) CD73 expression analysis by western blot. CD73 expression was increased in MCF-7
cells after pcDNA3.0-NT5E transfection. (B) In vivo tumor growth. None of the control cells or parental MCF-7 cells gave rise to tumors after
21 days, while 3/5 mice injected with pcDNA3.0-NT5E transfected MCF7 cells produced tumors that grew in a rapid fashion (n = 5; *P < 0.05). (C)
CCK-8 assay. Cell viability was increased in pcDNA3.0-NT5E transfected MCF-7 cells, while transfection of mutant constructions substituted active
site (His 92) to Ala does not promote MCF-7 cell viability (n = 3; *P < 0.05 vs untreated, mock vector and mutant-NT5E groups).

Table 3. Cell cycle analysis in different MCF-7 cells

Untreated Mock vector pcDNA3.0-NT5E Mutant-NT5E

G0G1 67.27 ± 0.41 65.94 ± 0.76 52.83 ± 0.91* 65.31 ± 1.64

S 15.91 ± 0.11 15.26 ± 0.18 29.98 ± 0.9* 17.48 ± 1.23

G2M 16.83 ± 0.52 18.58 ± 0.27 17.2 ± 1.81 17.2 ± 0.41

Data are expressed as mean ± SEM (%). Mutant-NT5E, mutant-NT5E
vector (active site His 92 of CD73 enzyme was substituted to Ala)
transfected MCF-7 cells; pcDNA3.0-NT5E, pcDNA3.0-NT5E transfected
MCF-7 cells; untreated, control MCF-7 cells; mock vector, control
transfected cells. *P < 0.05 compared with untreated, mock vector and
mutant-NT5E groups (n = 3).
CD73 and Bcl-2 co-expressed in breast cancer tissues. In nor-
mal breast tissue, CD73 was differentially expressed in lobular,
ductal and myoepithelial cells (Fig. 6A). Figure 6(B) and
Table 4 showed that CD73 was also expressed in tumor cells.
The tumor specimens had positive staining in 95% of cases;
52.6% were scored as moderate and strong. CD73 expression
was higher in invasive duct carcinoma than in normal mammary
glands, although the difference was not statistically significant
(Fig. 6C). Figure 6(D,E) suggests that CD73 expression was
positively related to lymph node metastasis but not to grading.
CD73 expression positively correlated with Bcl-2 expression
Zhi et al.
(Fig. 6F,G, n = 25, r = 0.397, P < 0.05). The Bcl-2 data were
provided by Shanghai Outdo Biotech Co.

Discussion

A major characteristic of malignant tumor is the ability to prolif-
erate without limit, which is dependent on the synthesis of a
large amount of nucleotide, while CD73 is a key enzyme in the
generation of adenosine in the extracellular medium. Although
CD73 is widely distributed in a variety of normal tissue,(18) its
expression is low. However, CD73 expression is high in many
kinds of solid tumors, correlates with tumor grade and localiza-
tion,(19) and is closely associated with tumor aggression and a
poor prognosis in melanoma,(11) breast cancer(20) and glioblasto-
mas(21). Furthermore, adenosine controls cell proliferation,
angiogenesis and the immune response.(4) Therefore, we hypoth-
esized that CD73, a key enzyme in purine and pyrimidine sal-
vage, may play an important role in tumor progression.

In this study, we first investigated the role of CD73 in breast
cancer growth in vivo and in vitro by RNAi-mediated suppres-
sion. By RNA interfering, we successfully obtained MB-MDA-
231 cells with CD73 suppression and stable EGFP expression.
In the nude mice tumorigenicity study, using a whole body
imaging system, we observed that CD73 suppression inhibited
Cancer Sci | December 2010 | vol. 101 | no. 12 | 2565
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Fig. 4. Cell apoptosis detected by flow cytometry and TUNEL assay. (A) Both early and late apoptosis rates were significantly higher in the CD73
siRNA group than in the control siRNA group, while APCP functioned similarly (n = 3; *P < 0.05 vs control siRNA and untreated). The lower right
and upper right show early and late apoptosis, respectively. (B) A TUNEL assay based on the labeling of DNA strand breaks for detection of
apoptosis was performed on frozen sections of xenograft tumor. P1 showed intense brown staining when compared with the control group
(n = 10; *P < 0.01 vs control siRNA).
tumor growth. In the plate colony formation assay, the colony
numbers were much lower in P1 cells than in non-transfected
and control siRNA transfected cells. We then observed the
effect of CD73 on breast cancer cell growth by overexpression
in pcDNA3.0-NT5E transfected MCF-7 cells. Our data showed
CD73 overexpression increased cell viability. More intriguingly,
CD73 overexpression in MCF-7 breast cancer cells produced a
tumorigenic phenotype while none of the control cells or paren-
tal MCF-7 cells gave rise to tumors. This is in accordance with
the report that MCF-7 cells are non-tumorigenic in nude mice
2566
because their growth is dependent on exogenous estrogen.(22,23)

The mechanisms of CD73 overexpression leading to acquiring
the estrogen-independent phenotype in breast cancer cells need
to be further studied. In addition, transfection of mutant con-
structions does not promote MCF-7 cell viability, which indi-
cates that CD73 promotes breast cancer cell growth depending
on its enzyme activity. Our data support that CD73 plays an
important role in breast cancer cell growth both in vivo and in
vitro, which is consistent with Braganhol et al.’s(24) study in the
U138MG glioma cell line.
doi: 10.1111/j.1349-7006.2010.01733.x
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Fig. 5. Effect of CD73 suppression on apoptotic pathways. After CD73 was suppressed by either siRNA or a,b-methylene adenosine-5¢-
disphosphate (APCP) (10 lM), (A) Caspase-3 expression increased at protein (A1) and mRNA (A3) levels with Caspase-3 activation (A2); (B) Bcl-2
expression decreased at protein (B1) and mRNA (B2) levels; but (C) Bax expression increased at both protein (C1) and mRNA (C2) levels (n = 3;
*P < 0.05 vs control siRNA; **P < 0.05 vs 0 lM APCP).
During development, cell-cycle arrest is critical to controlling
cell number, the proliferation rate and organ size. Dysfunction
of the cell cycle is a fundamental reason for uncontrolled
proliferation of tumor cells. Previously, we found that APCP (a
specific CD73 inhibitor) decreased MDA-MB-231 viability in a
dose-dependent manner. a,b-methylene adenosine-5¢-dispho-
sphate (APCP) increased the percentage of G0/G1 cells, but
decreased the S and G2/M cells. In the current study, we exam-
ined the cell cycle in breast cancer growth by suppressing or
overexpressing CD73. We found that CD73 suppression induced
an accumulation of MB-MDA-231 cells in the G0/G1 phase and
a reduction in the S phase, while it is quite the contrary in
Zhi et al.
pcDNA3.0–NT5E transfected MCF-7 cells. Our data on mutant
constructions indicates that promotion of CD73 on cell-cycle
progression also needs its enzyme activity. Taken together, our
results suggest that CD73 may arrest cells in the S phase and
promote cell proliferation.

The tumor growth rate is critically influenced by the ratio of
neoplastic cell proliferation to cell apoptosis. Apoptosis is a cell
death process that plays a critical role in tissue development,
homeostasis and development of disease.(25) CD73 hydrolyzes
extracellular AMP into adenosine and the extracellular concen-
tration of adenosine profoundly affects cell apoptosis.(26) Some
studies indicate that it reduces cell viability, arrests the cell
Cancer Sci | December 2010 | vol. 101 | no. 12 | 2567
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Fig. 6. Tissue microassay. (A) Expression of CD73 in normal mammary gland (·200). Left, normal mammary gland; right, lobule of normal
mammary gland. (B) Expression of CD73 in breast tumor specimens with different grades. CD73 was differentially expressed in tumor cells. The
glandular stroma contained fibrocytes and a subset of the fibrocytes was CD73 positive. (C) The CD73 expression level in invasive duct carcinoma
(n = 49) was higher than normal mammary gland (n = 10), although the difference was not statistically significant (P > 0.05). (D,E) CD73
expression was positively related to lymph node (LN) metastasis but not to grading. (F,G) There was significant positive correlation between
CD73 and bcl-2 expressions in the breast cancer specimens (n = 25; r = 0.397; *P < 0.05). IHS, immunohistochemical score.

Table 4. CD73 expression in 80 breast cancer cases

CD73 expression Cases (n)

Strong 12

Moderate 28

Weak 36

Negative 4

The tumor specimens were assayed by immunohistochemistry,
showing staining products in 95% of cases. 52.6% of the positive
cases were graded as moderate and strong.
cycle and induces apoptosis,(27–33) whereas other studies support
a protective role including anti-apoptosis.(34,35) In the present
study, CD73 overexpression increased cell viability, which indi-
cates that adenosine generated by tumor CD73 increased cancer
cell viability and could prevent cell death. The diverse effects of
adenosine in apoptosis appear to depend on the pattern of adeno-
sine receptor activation (endogenous or exogenous) and on the
types of adenosine receptors activated (A1, A2A, A2B, or A3).
CD73 also has functions independent of its enzyme activity.
However, little information is available on whether CD73 has a
direct effect on cell apoptosis. In our study using flow cytometry
2568
and TUNEL assay, shRNA-targeted CD73 increased apoptosis
of MB-MDA-231 cells. It also decreased the percentages of
early and late apoptotic cells. As in our previous report,(36)

CD73 inhibitor APCP functioned similarly with RNAi-mediated
CD73 suppression in apoptosis. However, the effect of RNAi-
mediated CD73 suppression in apoptosis was stronger than
APCP, which indicates that CD73 may have an effect on apop-
tosis independent of its activity. Mikhailov et al.(37) reported
that CD73-mediated resistance against TNF-related apoptosis-
inducing ligand (TRAIL)-induced apoptosis was independent of
the enzymatic activity of CD73, but was reliant on the interac-
tion of CD73 with death receptor 5.

Among apoptotic regulatory proteins, the Bcl-2 family,
including both anti-apoptotic (Bcl-2, Bcl-XL, Mcl-1) and pro-
apoptotic (Bid, Bax, Bad) members, is particularly important.(38)

The levels of anti-apoptotic protein Bcl-2 and pro-apoptotic pro-
teins Bax were identified to determine the mechanism of CD73-
shRNA-induced apoptosis; CD73 inhibition caused a significant
reduction in levels of the Bcl-2 gene and increased levels of Bax
gene mRNA and protein compared with the controls. Further-
more, data from the case history of Bcl-2 expression provided
by Shanghai Outdo Biotech Co. and our CD73 immunohisto-
chemical (HIC) assay showed that CD73 and Bcl-2 were
co-expressed in breast cancer tissues. We also examined the
doi: 10.1111/j.1349-7006.2010.01733.x
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expression of Caspase-3 by real-time PCR and western blot,
given its pivotal role in apoptosis. Our results revealed that
CD73 inhibition significantly increased Caspase-3 expression
and activation. These findings suggest that both the Bcl-2 family
of proteins and caspase-3 are involved in apoptosis induced by
CD73 siRNA.

Although not statistically significant, which may be due to
the small sample size, CD73 was expressed more in breast can-
cer than in normal mammary glands in a tissue microassay
study, supporting the role of CD73. Tumor growth is usually
closely associated with a hypoxic environment. Hypoxia pro-
duces hypoxic-induced factor, which can upregulate CD73.(3)

This may explain why CD73 is overexpressed during cancer
progression. In turn, the increased CD73 promotes cancer pro-
gression, including angiogenesis, tumor growth, migration,
invasion and metastasis. In addition, our data suggested that
CD73 expression was positively related to lymph node metasta-
sis but not to grading. Besides the direct tumor-promoting
effects of CD73, tumor CD73 can promote tumor metastasis
by an adaptive immune system. Stagg et al.(9) identified
Zhi et al.
tumor-derived CD73 as a mechanism for tumor immune escape
and tumor metastasis.

In summary, we demonstrated that CD73 overexpression pro-
moted MCF-7 cell viability and cycle progression depending on
its enzyme activity, while CD73 suppression significantly
reduced breast cancer growth in vivo and in vitro. CD73 might
be promoting breast cancer growth by arresting the cell cycle
at the S phase and reducing cell apoptosis. Thus, targeting
CD73 expression might be an important means for breast cancer
therapy.
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