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Abstract
Background: Ecto-5’-nucleotidase (CD73) is a membrane-bound enzyme that converts 
adenosine 5’-monophosphate into adenosine. It is proven that the presence of elevated 
levels of adenosine in the tumor microenvironment induces tumor growth while 
suppressing immune responses against tumor cells. According to several studies, it is 
reported that the expression of CD73 is increased in several types of malignancies. In 
chronic lymphocytic leukemia (CLL), a hematological malignancy characterized by the 
increased proliferation and accumulation of lymphoid cells in peripheral blood (PB) and 
lymphoid tissues, CD73 expression is associated with higher-risk disease. Moreover, it is 
reported that CD73 may contribute to fludarabine (a chemotherapeutic widely used for 
the treatment of CLL) resistance as well.
Methods: We separated mononuclear cells obtained from PB and bone marrow (BM) from 
eleven CLL patients. Cells were treated individually or in combination with fludarabine 
and anti-CD73 siRNA (transfection by lipofectamine), and the effect of treatment on cell 
survival was evaluated using the 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium 
bromide (MTT) test. 
Results: We found that the highest level of apoptosis induction was observed in cells 
treated with fludarabine combined with CD73 inhibition, compared to the untreated 
(P < 0.01). Our findings are in support of a study reporting the association between CD73 
overactivation and fludarabine resistance.
Conclusion: These findings suggest that CD73 inhibition can be a potential target for 
CLL treatment and can help overcome endurance towards fludarabine and can better the 
prognosis of CLL-affected individuals.
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Introduction
Chronic lymphocytic leukemia (CLL), the most prevalent 
leukemia in the west, mostly diagnosed around the age 
of 71, is characterized by the increased proliferation and 
repletion of lymphocytes in the peripheral blood (PB) and 
bone marrow (BM) and other hematopoietic organs.1-3 
The malignant cells are mature lymphocytes, mostly 
CD5 positive, and of B-lineage.4 The symptoms may 
include leukocytosis (lymphocytosis), lymphadenopathy, 
hepatosplenomegaly, BM failure, autoimmune hemolytic 
anemia, autoimmune thrombocytopenia, and recurrent 
infections.5 The precise factor leading to CLL has not yet 
been discovered. However, it is proven that CLL is highly 
associated with specific genomic losses and additions, 

including deletions on chromosome 13 (specifically del 
(13q14)),6 11 (del (11q)), 17 (del (17p)),7 and trisomy 12.8

Several types of drugs, including cytostatic agents (such 
as alkylating agents, purine analogs, and bendamustine), 
monoclonal antibodies against CD20, and agents targeting 
the signaling of B cells, are available for CLL treatment.1 
Consequently, FCR (fludarabine, cyclophosphamide, 
and rituximab) is the current treatment regimen for 
younger patients. For the elderly, however, the regimens 
are different.9 Fludarabine, a fluorinated adenine analog, 
acts as a DNA and RNA synthesis inhibitor10 and is used 
as the first and second-line treatment for CLL. Despite 
this, nearly all patients under fludarabine treatment are/
become resistant.11 Therefore, CLL patients require novel 
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therapeutic targets.
Ecto-5’-nucleotidase (CD73), a membrane-bound 

enzyme, that converts extracellular adenosine 5’- 
monophosphate (AMP) into adenosine12 is coded by a 
gene, conserved through evolution, located on the 6q14-
21 chromosome.12,13,14 Excess adenosine concentration 
in the tumor microenvironment is proven to induce 
tumor growth, angiogenesis, and metastasis. In addition, 
it is also associated with suppressed anti-tumor immune 
responses.15-18 On the other hand, the presence of 
adenosine three phosphate (ATP) induces inflammation 
and immune responses. CD73, along with another protein 
named nucleoside triphosphate diphosphohydrolase 
(CD39), which degrades ATP and ADP into AMP, 
cooperatively degrades ATP into adenosine and 
suppresses immune responses.19,20 CD73 is reported to 
be overexpressed in the cancer microenvironment.21 

Interestingly, CD73 overexpression exerts the same effects 
on the cancer course as high adenosine concentrations. 
It is proven that CD73 overexpression induces tumor 
growth, disease severity, angiogenesis, and tumor 
spread.22,23 The inhibition of CD73 is reported to increase 
anti-tumor immune responses of natural killer cells, 
cytotoxic T lymphocytes, and the proliferation of CD4 + T 
cells, when co-cultured with the cancer cell, indicating 
that CD73 inhibition could help potentiate the immune 
system to efficiently suppress tumor growth.12,24,25

In addition, a recent study reports that the expression 
of CD73 is elevated in CLL patients with splenomegaly 
compared to patients without this complication. Moreover, 
it was observed that the overall survival of patients was 
reversely correlated to CD73 expression levels.26 Thus, 
the expression pattern of CD73 possesses prognostic 
value in CLL. Also, it can be an ideal target for CLL 
treatment by inducing anti-tumor responses. In addition, 
a study suggests that adenosine generated by CD73 may 
outcompete fludarabine over entry to the cell due to the 
structural similarity of these two molecules, which may 
result in fludarabine resistance. Therefore, targeting CD73 
might also help overcome fludarabine resistance and help 
reduce the required effective dose of it as well.27

In the current study, siRNA was utilized to silence CD73 
in the CLL cells of patients. The effect of CD73 silencing 
was studied in cotreatment with fludarabine.

Materials and Methods
Materials
Fludarabine was purchased from Cayman Chemical 
Company (IRC No: 7069750324959135). Human CD73 
gene targeting siRNA was obtained from Santa Cruz 
Biotechnology, Inc. The MTT Cell Proliferation Assay 
Kit was purchased from the American Type Culture 
Collection (ATCC® 30-1010K) and used as directed by the 
manufacturer.

Patient samples
According to the Declaration of Helsinki, following the 

obtainment of permission from the ethics committee of 
Tabriz University of Medical Sciences, heparinized blood 
samples were taken from 11 untreated CLL patients at 
Shahid Ghazi hospital in Tabriz. Next, primary leukemia 
cells were isolated via Ficoll Paque TM Plus (GE Healthcare, 
Uppsala, Sweden) from PB and BM from 11 confirmed 
CLL patient samples. Patients’ characteristics are given in 
Table 1. Patients-derived peripheral blood mononuclear 
cells (PBMCs) and bone marrow mononuclear cells 
(BMMCs) were cultured in RPMI-1640 containing 20% 
FBS and 2% L-glutamine. Viable cells were enumerated in 
advance of the downstream analysis.

Cell transfection with siRNA
Patients-derived leukemic cells were seeded at 1 × 104 
cells/well in 96 well plates. After 24 hours incubation 
at 37°C and reaching 70% cell confluency, the cells 
were transfected with siRNA. Lipofectamine 2000 
(Invitrogen) was used to transfect cells with siRNA using 
the instructions provided by the company. Briefly, CD73 
siRNA, control siRNA, and Lipofectamine were diluted at 
appropriate concentrations provided by the manufacturer 
with opti-MEM medium, then mixed and incubated for 
20 minutes at room temperature. Next, the cells were 
subjected to the transfection mixtures containing 50 pM 
of CD73 siRNA for 24 or 48 hours.

Analysis of gene expression
To assess the CD73 expression level in the cells, a qRT-
PCR test was used. Total RNA from transfected cells (after 
48 hours of incubation) was extracted by TRIzol reagent 
(Invitrogen, Carlsbad, CA, USA) following the company’s 
instructions. 

In short, the total RNA of cells was transcribed into 
cDNA via the One-Step SYBR® RT-PCR Kit protocol 
(Takara Bio Inc., Japan). Subsequently, the generated 
cDNA was used for the qRT-PCR test using the SYBR® 
Green Real-time PCR master mixture (Takara Bio Inc., 
Japan). 

The reactions were performed using the PRISM 7500 
real-time PCR detection system (Life, Carlsbad, CA, USA), 
and the parameters consist of initial denaturation and 
activation at 95°C for 30 seconds, followed by 40 cycles for 
amplification and quantification (each cycle is 5 seconds 
at 95°C followed by 30 seconds at 60°C). Eventually, the 
melting curve program was run at the end of each reaction 
to assess the relative amount of CD73 mRNA by the 2-ΔΔCT 
Method, which normalizes the mRNA level to β-actin 
mRNA (a constantly expressed gene). The melting curve 
analysis was also used to confirm specificity. Gene primer 
sequences are presented in Table 2.

Analysis of cytotoxicity
The MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide) assay was used for 
cytotoxicity assessment of the various combined groups. 
Patient-derived PBMCs and BMMCs (2 × 105 cells per 
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well) were cultivated in 96-well plates in 200 μL of 
complete culture medium and incubated at 37°C, 5% 
CO2 for 24 hours. Subsequently, cells were treated with 
the following treatments for 24 or 48 hours; untreated, 
lipofectamine, scramble siRNA (50 pM), CD73 siRNA 

(50 pM), fludarabine (optimized concentration), 
lipofectamine-CD73 siRNA (50 pM), Lipofectamine-
CD73 siRNA + fludarabine (50 pM of siRNA + optimized 
concentration of fludarabine), and DMSO (0.2%). 

Plates were then centrifuged at 150 × g for 10 minutes, 
the supernatant was replaced with fresh RPMI and 10 μL 
of MTT solution (final concentration: 0.5 mg/mL) was 
added to each well (4 hours incubation). Next, 100 μL of 
DMSO was added to the wells to dissolve the formazan 
product. The absorbance of each well was then measured 
using a plate-reading spectrophotometer (Synergy 4, 
BioTek, USA). Viability was calculated using the following 
formula30:

Table 1. Patients’ characteristics

Characteristics

Sample Number
CLL 
#1

CLL 
#2

CLL 
#3

CLL 
#4

CLL 
#5

CLL 
#6

CLL 
#7

CLL 
#8

CLL 
#9

CLL 
#10

CLL 
#11

Sample type PB/BM PB/BM PB/BM PB/BM PB/BM PB/BM PB/BM PB/BM PB/BM PB/BM PB/BM

Disease subtype

Mature B 
lymphoid 

cell 
phenotype

Mature B 
lymphoid 

cell 
phenotype

Mature B 
lymphoid 

cell 
phenotype

Mature B 
lymphoid 

cell 
phenotype

Mature B 
lymphoid 

cell 
phenotype

Mature B 
lymphoid 

cell 
phenotype

Mature B 
lymphoid 

cell 
phenotype

Mature B 
lymphoid 

cell 
phenotype

Mature B 
lymphoid 

cell 
phenotype

Mature B 
lymphoid 

cell 
phenotype

Mature B 
lymphoid 

cell 
phenotype

Age 65 54 74 65 81 54 65 55 66 79 80

Sex M M M F M M M F F M M

WBC
24.27

H
26.03

H
45.01

H
26.83

H
34.45

H
20.19

H
14.21

H
11.15

H
23.33

H
22.02

H
26
H

RBC
2.41

L
0.40

L
3.88

L
4.08 4.72 4.96 5.34 5.49 5.022 1.03

L
0.43

L

Plt
24
L

16
L

326 200 452
H

133 140 269 340 62
L

16
L

Hb (g/dl)
7.5
L

3
L

12.3 11.9
L

12.8 14.1 14.7 13.4 14.9 3.5
L

1.1
L

HCT
23.7%

L
4.4%

L
35.4%

L
40.3% 44.2% 46.4% 47% 45.3% 45.1% 11.2%

L
8.9%

L

MCV
98.1 110.2

H
91.3 85.3 93.7 93.7 88.1 82.2 86.4 109.6

H
113.4

H

MCH
31.1 28.5 31.7

H
25.1

L
27.1 28.4 27.5 24.4

L
28.5 34.3

H
23.8

L

MCHC
31.7 25.9

L
34.7 29.4

L
29
L

30.3
L

31.2
L

29.7
L

33 31.3
L

24.8
L

RDW
23.6%

H
16.6%

H
14.1% 13.4% 14.9% 12.6% 13% 12.9% 12.2% 15%

H
18%

NEUT
5.8%

L
7.7%

L
43%

H
16.9%

L
10.9%

L
26.1%

L
17.6%

L
30.5%

L
28.8%

L
23%

L
9%
L

LYMP
83.6%

H
86.3%

H
55.9%

H
74.6%

H
73.7%

H
65.3%

H
78%

H
62%

H
63.5%

H
69%

H
75.3%

H

MONO
1.3%

L
0.8%

L
0.9%

L
1.5%

L
0.9%

L
3%
L

1.2%
L

3.2%
L

2.1%
L

3.2%
L

1.4%
L

CD5 96% 97% 50% 81% 89% 94% 81% 88% 87% 82% 93%

CD19 88% 95% 68% 94% 79% 65% 78% 56% 63% 86% 75%

CD20 83% 50% 70% 60% 79% 71% 70% 51% 54% 58% 74%

CD23 71% 64% 33% 79% 67% 69% 81% 61% 61% 77% 80%

Hepatomegaly (mm) 138↑ 188↑ 125↑ 114↑ 104↑ 112 =  130↑ 108 =  114↑ 122↑ 188↑

Splenomegaly (mm) 176↑ 159↑ 90↑ 84↑ 154↑ 96↑ 66 =  85↑ 94 =  108↑ 135↑

Lymphadenopathy
(long-axis diameter)

12 - 1.5 0.5 - - 15 - 10 - 17

Abbreviations: Chronic Lymphocytic Leukemia (CLL), Peripheral Blood (PB), Bone Marrow (BM), White Blood Cell (WBC), Red Blood Cell (RBC), PLT (Platelet), 
Hemoglobin (Hb), Red blood cell Distribution Width (RDW).

Table 2. Primer sequences

Gene Type Sequence Reference

CD73
Forward 5'- GCCTGGGAGCTTACGATTTTG -3'

28

Reverse 5'- TAGTGCCCTGGTACTGGTCG -3'

β-actin
Forward 5'-GAGACCTTCAACACCCCAGC-3'

29

Reverse 5'- ATGTCACGCACGATTTCCC -3'
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[ ]( )
[ ]( )

OD treated well blank
Viability 1 00

mean OD control well blank
−

= ×
−

Statistical analysis 
GraphPad Prism V9 software was used to perform a 
statistical analysis of the data, and a two-way ANOVA test 
was used to assess the results. Statistical significance was 
set at P < 0.05.

Results
Lipofectamine efficiently transfects cells
Following the cell transfection with siRNA by 
Lipofectamine, CD73 mRNA expression was analyzed 
to study the efficiency of gene silencing. The various 
treatment groups and the changes in CD73 mRNA levels 
are presented in Figure 1. According to the data of qRT-
PCR, treating cells with lipofectamine-CD73 siRNA 
significantly suppressed CD73 expression in CLL cells 
compared to the other treatment groups and controls. 
As seen in Figure 1, fludarabine increases the expression 
of CD73 in leukemic cells in both PBMCs and BMMCs 
to some extent. Still, interestingly, the transfection of 
cells with anti-CD73 siRNA decreases the expression of 
this factor in leukemic cells. Another point that should 
be mentioned is the inability of siRNA alone to reduce 

the expression of the CD73 molecule, which indicates the 
necessity of a carrier for the effective transfection of cells. 
In addition, the control groups, including the scramble 
siRNA and Lipofectamine, did not demonstrate any 
significant change in CD73 gene expression.

These results showed that CD73 gene silencing by 
siRNA in leukemic cells derived from PB or BM inhibits 
the additive effect of fludarabine on CD73 expression, 
which may prevent the further expansion of leukemic 
cells.

Inhibition of CD73 expression significantly increases the 
lethal effect of fludarabine on leukemic cells
After investigating the ability of anti-CD73 siRNA in 
reducing the expression of this molecule in leukemic cells, 
the ability of the combined treatment to induce apoptosis 
in leukemic cells following 24 and 48 hours of incubation, 
was evaluated.

An MTT assay was performed to assess the result of 
different treatments on the viability of CLL cells. The 
results of the MTT cytotoxicity assay are illustrated 
in Figure 2. As can be seen, while siRNA alone and 
Lipofectamine did not significantly affect the survival of 
leukemic cells, treatment of cells with siRNA together 
with Lipofectamine and especially fludarabine caused 

Figure 1. Treatment of leukemic cells with anti-CD73 siRNA suppresses the expression of CD73. siRNA Transfection of mononuclear cells separated from peripheral 
blood (PB) and bone marrow (BM) of CLL patients (n = 11) via lipofectamine suppressed the expression of CD73 as investigated using qRT-PCR. * represents P < 0.05 
and ** indicates P < 0.01. Abbreviations: PBMC, peripheral marrow mononuclear cell; BMMC, bone marrow mononuclear cell; ns, non-significant
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a significant decrease in the survival of leukemic cells 
derived from PB and BM. Also, the highest cytotoxic 
effects on leukemic cells were observed when these cells 
were simultaneously treated with anti-CD73 siRNA and 
fludarabine. 

Another point is that the toxic effects of the treatment 
increased over time, as the toxic effects after 48 hours 
were more than 24 hours , indicating the time-dependent 
effect of the treatment.

These results showed that the combined treatment 
induced a considerable increase in the death of leukemic 
cells. The silencing of CD73 could sensitize leukemic cells 
to programmed cell death induced by fludarabine.

Discussion
CLL is characterized by the malignant proliferation and 
repletion of CD5 + B cells in the blood and hematopoietic 
tissues.4,31 The survival of CLL cells is significantly 
dependent on a supportive microenvironment to provide 
survival as well as proliferative signals.4,32-35

It is proven that extracellular adenosine plays a crucial 
role in tumor survival and escape from the immune 
system.36,37 The presence of adenosine elevated levels in the 
tumor microenvironment induces tumor development 
and suppresses anti-tumor immune responses.15-18

CD73, a membrane-bound enzyme responsible for 
the generation of adenosine from AMP, is reported to 
be overexpressed in tumors.38 Based on a study, CD73 
is overexpressed in CLL cells compared to normal 
B-lymphocytes, which is correlated with splenomegaly, 
Beta-2-microglobulin level, and shorter overall survival 
in patients.26 Also, according to previous studies, CD73 
expression is associated with more severe and earlier 
disease accompanied by a poor prognosis in CLL.26,39 

Moreover, according to another study, CLL cells in PB 
express CD73 which is collocated with the expression 
of markers related to more severe diseases (CD38 and 
ZAP-70). CD73, by producing adenosine, activates A2A 
receptors, inhibiting the exodus of CLL cells from the 
lymph nodes, thus keeping them in a microenvironment 
ideal for growth.40-42

Although it has been established that CD73 expression 
on CLL leukemic cells increases the survival and expansion 
of these cells, its exact role in the immunopathogenesis 
of this disease has not yet been determined. Also, little 
is known regarding the impact of the expression of 
this molecule on the response to chemotherapy drugs. 
According to Nagate et al, CD73 and CD79 are involved in 
establishing an immunosuppressive microenvironment in 
adult T-cell leukemia/lymphoma (ATLL), a hematological 
malignancy with poor prognosis and poor response to 
chemotherapeutics.43 Thus, in the current study, the effect 
of CD73 inhibition in combination with fludarabine was 
studied in mononuclear cells purified from the PB and 
BM of CLL patients.

To silence the CD73 gene in leukemic cells we used 
a Lipofectamine transfection reagent, as siRNA alone 
has very low penetrating efficacy. To assess the efficacy 
of transfection and analyze the silencing potential of 
anti-CD73 siRNA, a qRT-PCR test was performed. The 
results showed that Lipofectamine efficiently transfects 
cells with siRNA and reduces CD73 mRNA levels in 
cells derived from PB and BM. The interesting issue was 
that fludarabine could increase the expression of the 
CD73 molecule in leukemic cells. Therefore, it appears 
that leukemic cells increase the expression of the CD73 
molecule on their surface, to compensate for the cytotoxic 
effects of fludarabine and therefore survive.

Figure 2. CD73 inhibition increased the toxic effects of fludarabine on leukemic cells. Treatment of mononuclear cells separated from peripheral blood (PB) 
and bone marrow (BM) of CLL patients (n = 11) increased the cytotoxicity of Fludarabine in leukemic cells. * represents P < 0.05 and ** indicates P < 0.01. 
Abbreviations: PBMC, peripheral marrow mononuclear cell; BMMC, bone marrow mononuclear cell; ns, non-significant; DMSO, dimethyl sulfoxide
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After examining the effect of transfection of cells on 
CD73 expression, the impact of combined treatment 
on cell survival was evaluated. In the MTT test, CD73 
inhibition seems to form a synergism with fludarabine 
treatment as the highest apoptosis rates were seen in cells 
with CD73 inhibition and under fludarabine treatment 
compared to other groups illustrated in Figure 2.

Previous studies have shown that treating fludarabine-
incubated cells with adenosine protects cells from 
apoptosis, by A2A-dependent and independent 
mechanisms. Moreover, because of the similarity 
between these two molecules, adenosine may compete 
with fludarabine over entering cells via the nucleoside 
transporter. Therefore, this may affect the efficacy of 
fludarabine treatment as well.27,44

Our results support results presented by previously 
conducted studies on other malignancies as well. 
According to a study, in mouse models of ovarian cancer, 
following CD73 inhibition, mice survival was improved.24 
Another study reports that the administration of anti-
CD73 antibodies suppresses tumor development in breast 
cancer mouse models.45 Allard et al also reported that 
targeting CD73 showed a synergistic effect with anti-
CTLA-4 (cytotoxic T lymphocyte antigen-4) and anti-
PD-1 (programmed death-1) monoclonal antibodies 
in several cancer models, including breast, colon, and 
prostate cancer.46 Moreover, CD73 inhibition does not 
induce autoimmunity, therefore can be a valuable novel 
method of treatment for patients in need.21,47 Based on the 
results of Loi et al, CD73 inhibition proved to synergize 
with doxorubicin (an anthracycline widely used for 
cancer treatment) treatment as well. The combinational 
treatment of doxorubicin and CD73 inhibition resulted 
in further tumor growth suppression compared to 
doxorubicin treatment alone in breast cancer mice 
models.48 Therefore, considering the results of previous 
literature, CD73 inhibition not only synergizes with 
several chemotherapeutics besides fludarabine but also 
possesses high potential in cancer treatment.

Conclusion
In this study, the effect of CD73 inhibition along with 
fludarabine treatment on CLL cells was studied. Overall, 
the results illustrated that this approach increased 
the apoptosis rates in CLL cells and can be used as a 
complementary treatment alongside the conventional 
chemotherapy of fludarabine for CLL. Also, CD73 
inhibition seems to help overcome fludarabine resistance 
and provide new hope for CLL patients. 

Acknowledgments
We appreciate the financial support of this study by Tabriz 
University of Medical Sciences (grant numbers: 64646 and 64936).

Author Contributions
Conceptualization: Ali Akbar Movasaghpour Akbari.
Data curation: Omid Abedi, Mohammad Sadeghi.
Formal Analysis: Mahsa Yousefi Bostanabad, Omid Abedi.

Funding acquisition: Farhad Jadidi-Niaragh.
Investigation: Mohammad Sadeghi.
Methodology: Mohammad Sadeghi.
Project administration: Farhad Jadidi-Niaragh.
Resources:  Farhad Jadidi-Niaragh.
Supervision: Abbas Ali Hosseinpour Feizi, Ali Akbar Movasaghpour 
Akbari.
Validation: Mahsa Yousefi Bostanabad.
Visualization: Omid Abedi, Mohammad Sadeghi.
Writing – original draft: Mohammad Sadeghi.
Writing – review & editing: Farhad Jadidi-Niaragh, Abbas Ali 
Hosseinpour Feizi.

Data Availability Statement
The raw data supporting the conclusions of this article will be made 
available by the authors, without undue reservation.

Ethical Issues
All procedures were conducted in compliance with the ethical 
principles of Tabriz University of Medical Science, Tabriz, Iran and 
approved by the regional ethical committee for medical research 
(Ethical code: IR.TBZMED.REC.1399.063). 

Conflict of Interest
The authors declare that they have no competing interests.

References
1.	 Hallek M. Chronic lymphocytic leukemia: 2020 update on 

diagnosis, risk stratification and treatment. Am J Hematol. 
2019;94(11):1266-87. doi: 10.1002/ajh.25595.

2.	 Rai KR, Jain P. Chronic lymphocytic leukemia (CLL)-then 
and now. Am J Hematol. 2016;91(3):330-40. doi: 10.1002/
ajh.24282.

3.	 Fernández-Calotti PX, Lopez-Guerra M, Colomer D, Pastor-
Anglada M. Enhancement of fludarabine sensitivity by 
all-trans-retinoic acid in chronic lymphocytic leukemia 
cells. Haematologica. 2012;97(6):943-51. doi: 10.3324/
haematol.2011.051557.

4.	 Rozman C, Montserrat E. Chronic lymphocytic leukemia. 
N Engl J Med. 1995;333(16):1052-7. doi: 10.1056/
nejm199510193331606.

5.	 Hallek M, Cheson BD, Catovsky D, Caligaris-Cappio F, 
Dighiero G, Döhner H, et al. Guidelines for the diagnosis and 
treatment of chronic lymphocytic leukemia: a report from the 
International Workshop on Chronic Lymphocytic Leukemia 
updating the National Cancer Institute-Working Group 1996 
guidelines. Blood. 2008;111(12):5446-56. doi: 10.1182/
blood-2007-06-093906.

6.	 Klein U, Lia M, Crespo M, Siegel R, Shen Q, Mo T, et al. The 
DLEU2/miR-15a/16-1 cluster controls B cell proliferation and 
its deletion leads to chronic lymphocytic leukemia. Cancer 
Cell. 2010;17(1):28-40. doi: 10.1016/j.ccr.2009.11.019.

7.	 Hallek M, Fischer K, Fingerle-Rowson G, Fink AM, Busch 
R, Mayer J, et al. Addition of rituximab to fludarabine and 
cyclophosphamide in patients with chronic lymphocytic 
leukaemia: a randomised, open-label, phase 3 trial. 
Lancet. 2010;376(9747):1164-74. doi: 10.1016/s0140-
6736(10)61381-5.

8.	 Seiffert M, Dietrich S, Jethwa A, Glimm H, Lichter P, Zenz 
T. Exploiting biological diversity and genomic aberrations 
in chronic lymphocytic leukemia. Leuk Lymphoma. 
2012;53(6):1023-31. doi: 10.3109/10428194.2011.631638.

9.	 Jain N, O’Brien S. Initial treatment of CLL: integrating biology 
and functional status. Blood. 2015;126(4):463-70. doi: 
10.1182/blood-2015-04-585067.

10.	 Hood MA, Finley RS. Fludarabine: a review. DICP. 
1991;25(5):518-24. doi: 10.1177/106002809102500512.

11.	 Ashofteh N, Amini R, Molaee N, Karami H, Baazm M. 

https://doi.org/10.1002/ajh.25595
https://doi.org/10.1002/ajh.24282
https://doi.org/10.1002/ajh.24282
https://doi.org/10.3324/haematol.2011.051557
https://doi.org/10.3324/haematol.2011.051557
https://doi.org/10.1056/nejm199510193331606
https://doi.org/10.1056/nejm199510193331606
https://doi.org/10.1182/blood-2007-06-093906
https://doi.org/10.1182/blood-2007-06-093906
https://doi.org/10.1016/j.ccr.2009.11.019
https://doi.org/10.1016/s0140-6736(10)61381-5
https://doi.org/10.1016/s0140-6736(10)61381-5
https://doi.org/10.3109/10428194.2011.631638
https://doi.org/10.1182/blood-2015-04-585067
https://doi.org/10.1177/106002809102500512


Sadeghi et al

          ImmunoAnalysis, 2022, 2: 11 7

MiRNA-mediated knock-down of Bcl-2 and Mcl-1 increases 
fludarabine-sensitivity in CLL-CII cells. Asian Pac J Cancer Prev. 
2021;22(7):2191-8. doi: 10.31557/apjcp.2021.22.7.2191.

12.	 Ghalamfarsa G, Kazemi MH, Raoofi Mohseni S, Masjedi A, 
Hojjat-Farsangi M, Azizi G, et al. CD73 as a potential opportunity 
for cancer immunotherapy. Expert Opin Ther Targets. 
2019;23(2):127-42. doi: 10.1080/14728222.2019.1559829 .

13.	 Misumi Y, Ogata S, Ohkubo K, Hirose S, Ikehara Y. 
Primary structure of human placental 5’-nucleotidase and 
identification of the glycolipid anchor in the mature form. 
Eur J Biochem. 1990;191(3):563-9. doi: 10.1111/j.1432-
1033.1990.tb19158.x.

14.	 Zimmermann H. 5’-Nucleotidase: molecular structure and 
functional aspects. Biochem J. 1992;285(Pt 2):345-65. doi: 
10.1042/bj2850345.

15.	 Zhang H, Conrad DM, Butler JJ, Zhao C, Blay J, Hoskin 
DW. Adenosine acts through A2 receptors to inhibit IL-2-
induced tyrosine phosphorylation of STAT5 in T lymphocytes: 
role of cyclic adenosine 3’,5’-monophosphate and 
phosphatases. J Immunol. 2004;173(2):932-44. doi: 10.4049/
jimmunol.173.2.932.

16.	 Huang S, Apasov S, Koshiba M, Sitkovsky M. Role of A2a 
extracellular adenosine receptor-mediated signaling in 
adenosine-mediated inhibition of T-cell activation and 
expansion. Blood. 1997;90(4):1600-10.

17.	 Ohta A, Ohta A, Madasu M, Kini R, Subramanian M, Goel 
N, et al. A2A adenosine receptor may allow expansion of T 
cells lacking effector functions in extracellular adenosine-rich 
microenvironments. J Immunol. 2009;183(9):5487-93. doi: 
10.4049/jimmunol.0901247.

18.	 Ohta A, Gorelik E, Prasad SJ, Ronchese F, Lukashev 
D, Wong MK, et al. A2A adenosine receptor protects 
tumors from antitumor T cells. Proc Natl Acad Sci U S A. 
2006;103(35):13132-7. doi: 10.1073/pnas.0605251103.

19.	 Pellegatti P, Raffaghello L, Bianchi G, Piccardi F, Pistoia V, Di 
Virgilio F. Increased level of extracellular ATP at tumor sites: 
in vivo imaging with plasma membrane luciferase. PLoS One. 
2008;3(7):e2599. doi: 10.1371/journal.pone.0002599.

20.	 Forte G, Sorrentino R, Montinaro A, Luciano A, Adcock 
IM, Maiolino P, et al. Inhibition of CD73 improves B cell-
mediated anti-tumor immunity in a mouse model of 
melanoma. J Immunol. 2012;189(5):2226-33. doi: 10.4049/
jimmunol.1200744.

21.	 Jin D, Fan J, Wang L, Thompson LF, Liu A, Daniel BJ, et al. 
CD73 on tumor cells impairs antitumor T-cell responses: a 
novel mechanism of tumor-induced immune suppression. 
Cancer Res. 2010;70(6):2245-55. doi: 10.1158/0008-5472.
can-09-3109.

22.	 Zhang B. CD73 promotes tumor growth and metastasis. 
Oncoimmunology. 2012;1(1):67-70. doi: 10.4161/
onci.1.1.18068.

23.	 Wang L, Zhou X, Zhou T, Ma D, Chen S, Zhi X, et al. Ecto-
5’-nucleotidase promotes invasion, migration and adhesion 
of human breast cancer cells. J Cancer Res Clin Oncol. 
2008;134(3):365-72. doi: 10.1007/s00432-007-0292-z.

24.	 Häusler SF, Montalbán del Barrio I, Strohschein J, Chandran 
PA, Engel JB, Hönig A, et al. Ectonucleotidases CD39 and 
CD73 on OvCA cells are potent adenosine-generating 
enzymes responsible for adenosine receptor 2A-dependent 
suppression of T cell function and NK cell cytotoxicity. Cancer 
Immunol Immunother. 2011;60(10):1405-18. doi: 10.1007/
s00262-011-1040-4.

25.	 Häusler SF, Del Barrio IM, Diessner J, Stein RG, Strohschein J, 
Hönig A, et al. Anti-CD39 and anti-CD73 antibodies A1 and 
7G2 improve targeted therapy in ovarian cancer by blocking 
adenosine-dependent immune evasion. Am J Transl Res. 
2014;6(2):129-39.

26.	 Kicova M, Michalova Z, Coma M, Gabzdilova J, Dedinska 

K, Guman T, et al. The expression of CD73 on pathological 
B-cells is associated with shorter overall survival of patients 
with CLL. Neoplasma. 2020;67(4):933-8. doi: 10.4149/
neo_2020_190826N822.

27.	 Mackey JR, Galmarini CM, Graham KA, Joy AA, Delmer A, 
Dabbagh L, et al. Quantitative analysis of nucleoside transporter 
and metabolism gene expression in chronic lymphocytic 
leukemia (CLL): identification of fludarabine-sensitive and 
-insensitive populations. Blood. 2005;105(2):767-74. doi: 
10.1182/blood-2004-03-1046.

28.	 Gao ZW, Wang HP, Lin F, Wang X, Long M, Zhang HZ, et al. 
CD73 promotes proliferation and migration of human cervical 
cancer cells independent of its enzyme activity. BMC Cancer. 
2017;17(1):135. doi: 10.1186/s12885-017-3128-5.

29.	 Lin X, Zou X, Wang Z, Fang Q, Chen S, Huang J, et al. Targeting 
of heme oxygenase-1 attenuates the negative impact of Ikaros 
isoform 6 in adult BCR-ABL1-positive B-ALL. Oncotarget. 
2016;7(33):53679-701. doi: 10.18632/oncotarget.10725.

30.	 Joshi N, Hajizadeh F, Ansari Dezfouli E, Zekiy AO, Nabi Afjadi 
M, Mousavi SM, et al. Silencing STAT3 enhances sensitivity of 
cancer cells to doxorubicin and inhibits tumor progression. 
Life Sci. 2021;275:119369. doi: 10.1016/j.lfs.2021.119369.

31.	 Yosifov DY, Wolf C, Stilgenbauer S, Mertens D. From 
biology to therapy: the CLL success story. Hemasphere. 
2019;3(2):e175. doi: 10.1097/hs9.0000000000000175.

32.	 Tsukada N, Burger JA, Zvaifler NJ, Kipps TJ. Distinctive 
features of “nurselike” cells that differentiate in the context 
of chronic lymphocytic leukemia. Blood. 2002;99(3):1030-7. 
doi: 10.1182/blood.v99.3.1030.

33.	 Pedersen IM, Kitada S, Leoni LM, Zapata JM, Karras JG, 
Tsukada N, et al. Protection of CLL B cells by a follicular 
dendritic cell line is dependent on induction of Mcl-1. Blood. 
2002;100(5):1795-801.

34.	 Burger JA, Ghia P, Rosenwald A, Caligaris-Cappio F. The 
microenvironment in mature B-cell malignancies: a target for 
new treatment strategies. Blood. 2009;114(16):3367-75. doi: 
10.1182/blood-2009-06-225326.

35.	 Reinart N, Nguyen PH, Boucas J, Rosen N, Kvasnicka 
HM, Heukamp L, et al. Delayed development of chronic 
lymphocytic leukemia in the absence of macrophage 
migration inhibitory factor. Blood. 2013;121(5):812-21. doi: 
10.1182/blood-2012-05-431452.

36.	 Stagg J, Smyth MJ. Extracellular adenosine triphosphate and 
adenosine in cancer. Oncogene. 2010;29(39):5346-58. doi: 
10.1038/onc.2010.292.

37.	 Smyth MJ, Ngiow SF, Ribas A, Teng MW. Combination cancer 
immunotherapies tailored to the tumour microenvironment. 
Nat Rev Clin Oncol. 2016;13(3):143-58. doi: 10.1038/
nrclinonc.2015.209.

38.	 Yang H, Yao F, Davis PF, Tan ST, Hall SRR. CD73, tumor 
plasticity and immune evasion in solid cancers. Cancers 
(Basel). 2021;13(2):177. doi: 10.3390/cancers13020177.

39.	 Pulte D, Furman RR, Broekman MJ, Drosopoulos JH, Ballard 
HS, Olson KE, et al. CD39 expression on T lymphocytes 
correlates with severity of disease in patients with chronic 
lymphocytic leukemia. Clin Lymphoma Myeloma Leuk. 
2011;11(4):367-72. doi: 10.1016/j.clml.2011.06.005.

40.	 Serra S, Horenstein AL, Vaisitti T, Brusa D, Rossi D, Laurenti 
L, et al. CD73-generated extracellular adenosine in chronic 
lymphocytic leukemia creates local conditions counteracting 
drug-induced cell death. Blood. 2011;118(23):6141-52. doi: 
10.1182/blood-2011-08-374728.

41.	 Junger WG. Immune cell regulation by autocrine purinergic 
signalling. Nat Rev Immunol. 2011;11(3):201-12. doi: 
10.1038/nri2938.

42.	 Färber K, Markworth S, Pannasch U, Nolte C, Prinz V, 
Kronenberg G, et al. The ectonucleotidase cd39/ENTPDase1 
modulates purinergic-mediated microglial migration. Glia. 

https://doi.org/10.31557/apjcp.2021.22.7.2191
https://doi.org/10.1080/14728222.2019.1559829
https://doi.org/10.1111/j.1432-1033.1990.tb19158.x
https://doi.org/10.1111/j.1432-1033.1990.tb19158.x
https://doi.org/10.1042/bj2850345
https://doi.org/10.4049/jimmunol.173.2.932
https://doi.org/10.4049/jimmunol.173.2.932
https://doi.org/10.4049/jimmunol.0901247
https://doi.org/10.1073/pnas.0605251103
https://doi.org/10.1371/journal.pone.0002599
https://doi.org/10.4049/jimmunol.1200744
https://doi.org/10.4049/jimmunol.1200744
https://doi.org/10.1158/0008-5472.can-09-3109
https://doi.org/10.1158/0008-5472.can-09-3109
https://doi.org/10.4161/onci.1.1.18068
https://doi.org/10.4161/onci.1.1.18068
https://doi.org/10.1007/s00432-007-0292-z
https://doi.org/10.1007/s00262-011-1040-4
https://doi.org/10.1007/s00262-011-1040-4
https://doi.org/10.4149/neo_2020_190826N822
https://doi.org/10.4149/neo_2020_190826N822
https://doi.org/10.1182/blood-2004-03-1046
https://doi.org/10.1186/s12885-017-3128-5
https://doi.org/10.18632/oncotarget.10725
https://doi.org/10.1016/j.lfs.2021.119369
https://doi.org/10.1097/hs9.0000000000000175
https://doi.org/10.1182/blood.v99.3.1030
https://doi.org/10.1182/blood-2009-06-225326
https://doi.org/10.1182/blood-2012-05-431452
https://doi.org/10.1038/onc.2010.292
https://doi.org/10.1038/nrclinonc.2015.209
https://doi.org/10.1038/nrclinonc.2015.209
https://doi.org/10.3390/cancers13020177
https://doi.org/10.1016/j.clml.2011.06.005
https://doi.org/10.1182/blood-2011-08-374728
https://doi.org/10.1038/nri2938


Sadeghi et al

ImmunoAnalysis, 2022, 2: 118

2008;56(3):331-41. doi: 10.1002/glia.20606.
43.	 Nagate Y, Ezoe S, Fujita J, Okuzaki D, Motooka D, Ishibashi 

T, et al. Ectonucleotidase CD39 is highly expressed on ATLL 
cells and is responsible for their immunosuppressive function. 
Leukemia. 2021;35(1):107-18. doi: 10.1038/s41375-020-
0788-y.

44.	 Galmarini CM, Mackey JR, Dumontet C. Nucleoside 
analogues: mechanisms of drug resistance and reversal 
strategies. Leukemia. 2001;15(6):875-90. doi: 10.1038/
sj.leu.2402114.

45.	 Stagg J, Divisekera U, McLaughlin N, Sharkey J, Pommey S, 
Denoyer D, et al. Anti-CD73 antibody therapy inhibits breast 
tumor growth and metastasis. Proc Natl Acad Sci U S A. 

2010;107(4):1547-52. doi: 10.1073/pnas.0908801107.
46.	 Allard B, Pommey S, Smyth MJ, Stagg J. Targeting CD73 

enhances the antitumor activity of anti-PD-1 and anti-
CTLA-4 mAbs. Clin Cancer Res. 2013;19(20):5626-5635. 
doi:10.1158/1078-0432.CCR-13-0545.

47.	 Ohta A, Gorelik E, Prasad SJ, Ronchese F, Lukashev 
D, Wong MK, et al. A2A adenosine receptor protects 
tumors from antitumor T cells. Proc Natl Acad Sci U S A. 
2006;103(35):13132-7. doi: 10.1073/pnas.0605251103.

48.	 Loi S, Pommey S, Haibe-Kains B, Beavis PA, Darcy PK, Smyth 
MJ, et al. CD73 promotes anthracycline resistance and poor 
prognosis in triple negative breast cancer. Proc Natl Acad Sci U 
S A. 2013;110(27):11091-6. doi: 10.1073/pnas.1222251110.

https://doi.org/10.1002/glia.20606
https://doi.org/10.1038/s41375-020-0788-y.
https://doi.org/10.1038/s41375-020-0788-y.
https://doi.org/10.1038/sj.leu.2402114
https://doi.org/10.1038/sj.leu.2402114
https://doi.org/10.1073/pnas.0908801107
https://doi.org/10.1158/1078-0432.CCR-13-0545
https://doi.org/10.1073/pnas.0605251103
https://doi.org/10.1073/pnas.1222251110

