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Abstract: Namodenoson, an A3 adenosine receptor (A3AR) agonist, is currently being used in a
phase III trial in advanced liver cancer. We examined the anti-growth effect of namodenoson on
pancreatic carcinoma cells and investigated the molecular mechanism involved. BxPC-3 pancreatic
carcinoma cells were cultured with namodenoson (5–20 nM for 24 h at 37 ◦C), and the Presto Blue
assay was used to monitor cell growth. Western blot analyses were performed on BxPC-3 cells (20 nM
namodenoson for 24 h at 37 ◦C) to evaluate the expression levels of cell growth regulatory proteins.
In vivo studies involved the subcutaneous inoculation of BxPC-3 cells into nude mice, randomizing
the mice into namodenoson (10 µg/kg twice daily for 35 days) vs. control, and monitoring tumor
size twice weekly. Treatment with namodenoson was associated with the significant dose-dependent
inhibition of BxPC-3 cell growth, which was mitigated by the A3AR antagonist MRS1523. Western
blot analyses showed that namodenoson treatment modulated the expression of NF-κB, as well
as proteins in the Wnt/β-catenin and the RAS signaling pathways, leading to the upregulation of
apoptotic proteins (Bad, Bax). In vivo studies also showed the significant inhibition of pancreatic
carcinoma tumor growth with namodenoson. In conclusion, our findings support the continued
development of namodenoson as a treatment for pancreatic cancer.

Keywords: A3AR agonist; apoptosis; mechanism of action; namodenoson; pancreatic cancer; RAS;
Wnt/β-catenin

1. Introduction

Pancreatic cancer is one of the most aggressive malignancies, with an overall 5-year
survival rate of 8%. The primary cause of this low survival rate is the absence of early
detection methods and the likelihood of early metastasis, resulting in a stage IV diagnosis
in over half of cases (52%) [1]. Another key reason for the low survival rate is the limited
effectiveness of the available treatment options, as the efficacy of gemcitabine alone or in
combination with other chemotherapies is modest, and checkpoint inhibitors failed to show
a significant clinical benefit [2]. Thus, novel and effective therapies for pancreatic cancer
are clearly needed.

The Wnt/β-catenin and RAS signaling pathways have been identified as the main
factors contributing to pancreatic carcinogenesis and resistance to therapy. These pathways
were found to be involved in modulating a wide range of cellular processes, including
differentiation, proliferation, motility, and downregulation of the apoptotic machinery [3,4].
Clinical research efforts aimed at developing therapies targeting these pathways are ongo-
ing, but with limited success, primarily due to safety issues and insufficient efficacy/tumor
resistance [3,5].
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The A3 adenosine receptor (A3AR) is one of four receptors that mediate extracellular
adenosine signaling [6]. Its mRNA and protein expression levels are upregulated in differ-
ent tumor cell types (e.g., melanoma, prostate, colon, and hepatocellular carcinoma), but
not in the adjacent normal tissues [7,8]. Namodenoson (CF102, Cl-IB-MECA), a synthetic
ribose-based purine nucleoside, is a selective orally bioavailable A3 adenosine receptor
agonist, whose mechanism of action has been shown to involve the deregulation of the
NF-κB and the Wnt/β-catenin pathways, which leads to tumor cell apoptosis [9]. Phase I
and II studies of namodenoson in advanced hepatocellular carcinoma (HCC) demonstrated
excellent safety and efficacy in a subset of HCC patients with a Child–Pugh B score of 7
(CPB7) [10,11]. A pivotal phase III trial investigating namodenoson in HCC CPB7 patients
is ongoing [12].

The current preclinical study examined the anti-growth effect of namodenoson on
pancreatic carcinoma cells both in vitro and in vivo, and investigated the molecular mecha-
nisms involved.

2. Materials and Methods
2.1. Reagents, Drug, and Cells

Dulbecco’s phosphate-buffered saline (PBS), RPMI medium, fetal bovine serum (FBS),
RIPA buffer, and protease and phosphatase inhibitor cocktail (x100) were purchased from
Thermo Fisher Scientific (Waltham, MA, USA). Dimethyl sulfoxide (DMSO) and MRS1523
were purchased from Sigma Chemical Co. (Rehovot, Israel). MRS1523 was dissolved in
DMSO to yield a stock solution of 10 mM. Penicillin–streptomycin solution (x100) was
purchased from IMBH (Beit Haemek, Israel).

Rabbit polyclonal antibodies against the phosphorylated-PKB/Akt (p-PKB/Akt), NF-
κB, β-Catenin, A3AR, PI3K, GSK-3β, cyclin D1, ERK 1/2, MEK 1/2, Raf, Bad, and Bax were
purchased from Santa Cruz Biotechnology Inc. (Dallas, TX, USA).

BxPC-3 (ATCC Cultures, Manassas, VA, USA), a cell line exhibiting epithelial mor-
phology which was isolated from the pancreatic tissue of a 61-year-old female patient with
pancreatic adenocarcinoma, was used for all the analyses. BxPC-3 (15 × 104/mL) cells
were grown in RPMI plus 10% FBS and 1x penicillin–streptomycin solution at 37 ◦C in a
5% CO2 incubator.

Namodenoson (2-chloro-N6-(3-iodobenzyl)-adenosine-5’-N-methyl-uronamide), lot
No. 1884-050-05, was prepared by WuXi (Wuxi, China), and was stored at 4 ◦C in the dark.
Namodenoson stock solution (10 mM) was prepared daily by dissolving the namodenoson
powder in DMSO. For the in vitro studies, this solution was further diluted to a final con-
centration of 5, 10, and 20 nM in RPMI medium; for the in vivo studies, the namodenoson
stock solution was diluted in PBS.

2.2. In Vitro Assays

For the tumor cell growth experiments, BxPC-3 cells (15 × 104/mL) were incubated
in the culture medium with control, 5, 10, or 20 nM namodenoson in 96-well microtiter
plates for 24 h at 37 ◦C in a 5% CO2 incubator, after which cell growth inhibition was
determined using the Presto Blue assay (Thermo Fisher Scientific, Waltham, MA, USA)
used as per the manufacturer’s instructions. Experiments under the same conditions with
20 nM namodenoson were also conducted with and without 20 nM of the A3AR antagonist
MRS1523 (diluted to the final concentration in RPMI medium).

Western blot analyses were performed using the same culture conditions as the Presto
Blue experiments in 10 cm plates with 20 nM namodenoson or control. After incubation
for 24 h at 37 ◦C in a 5% CO2 incubator, the cell samples were rinsed with ice-cold PBS
and transferred to ice-cold RIPA buffer with 1x protease and phosphatase inhibitor cocktail
for 20 min. Cell debris was removed using centrifugation for at 4 ◦C for 10 min, at
7500× g. The supernatant was utilized for the Western blot analyses. Protein concentrations
were determined using the NanoDrop assay (ThermoFisher Scientific, Waltham, MA,
USA). Equal amounts of the sample (50 µg) were separated by SDS-PAGE, using 12%
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polyacrylamide gels. The resolved proteins were then electroblotted onto nitrocellulose
membranes (Schleicher & Schuell, Keene, NH, USA). Membranes were blocked with 1%
bovine serum albumin and incubated with the relevant primary antibody (dilution 1:1000)
for 24 h at 4 ◦C. Blots were then washed and incubated with the secondary antibody for
1 h at room temperature. Bands were recorded using BCIP/NBT color development kit
(Promega, Madison, WI, USA).

2.3. In Vivo Assays

The in vivo experiments were performed in accordance with the guidelines estab-
lished by the Institutional Animal Care and Use Committee at Can-Fite BioPharma (Petah
Tikva, Israel).

Male nude Balb/C mice (Harlan Laboratories, Jerusalem, Israel), aged 2 months (mean
weight, 25 g), received a subcutaneous flank injection of BxPC-3 cells (2.5 × 106). The mice
were maintained on a standardized pelleted diet and supplied with tap water. At Day 22
(a tumor size of 150–200 mm3), the animals were randomly assigned to two groups each
containing 10 animals (namodenoson, 100 µg/kg body weight given orally twice daily for
35 days, or control). Tumor width (W) and length (L) were measured twice weekly with a
caliber, and tumor size was calculated (W2 × L/2).

2.4. Statistical Analysis

The inhibition/growth rate (vs. control) was calculated. All data are expressed as
mean ± standard error (SE). Analyses were performed with t-test and p-value < 0.05 was
considered statistically significant. The statistical analyses were performed using Excel
(Microsoft 365).

3. Results
3.1. Namodenoson Inhibited Tumor Growth In Vitro in an A3AR-Mediated Manner

In vitro analysis using the Presto Blue assay demonstrated a significant dose-dependent
inhibition of BxPC-3 cell growth upon treatment with namodenoson (inhibition of
49.7% ± 8.2%, 66.3% ± 10.5% and 82.7% ± 7.1% for 5 nM, 10 nM, and 20 nM namodenoson,
respectively, p < 0.001 each; Figure 1A).
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Figure 1. Growth of BxPC-3 cells was inhibited by namodenoson (A), and this inhibition was
diminished by the A3AR antagonist MRS1523 (B). Each datapoint represents the mean of 6 and
3 independent experiments for panels (A) and (B), respectively. The error bars represent SE. * p < 0.001,
** p < 0.01 (t-test vs. control).
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Adding the A3AR antagonist MRS1523 to the cells (with/without namodenoson) and
assessing cell growth using the Presto Blue assay demonstrated that the namodenoson
inhibitory effect was A3AR-mediated, since treatment with 20 nM MRS1523 had no effect
on cell growth (after incubation of 24 h, the growth was 100.8% ± 11.1% of the control),
treatment with 20 nM namodenoson had an inhibitory effect (cell growth was 45.0% ± 4.2%
of the control), and adding MRS1523 to namodenoson diminished the namodenoson
inhibitory effect (cell growth was 81.1% ± 6.3% of the control) (Figure 1B).

3.2. Namodenoson Inhibited Tumor Growth In Vivo

Analysis of the effect of namodenoson (10 µg/kg) given twice daily to nude mice
inoculated with BxPC-3 cells for a total of 35 days (from Day 22 to Day 57 post tumor
inoculation) demonstrated a significant inhibitory effect of namodenoson on tumor growth
(inhibition of 67.7% ± 15.2% by Day 57 from tumor inoculation vs. control, p < 0.05;
Figure 2).
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10 mice and error bars represent the corresponding SE.

3.3. In Vitro Effects of Namodenoson on Signal Transduction

Western blot analyses using BxPC-3 cells showed statistically significant differences
in the expression of regulatory proteins upon treatment with namodenoson. Specifically,
namodenoson induced a decrease in A3AR protein expression level, and the downstream
regulatory proteins p-Akt, PI3K, and NF-κB were all downregulated (Figure 3A). More-
over, the analysis of proteins within the Wnt signal transduction pathway revealed the
upregulation of GSK-3β and a decrease in the expression levels of β-catenin and cyclin
D1 (Figure 3B). A decrease in the expression levels of proteins downstream from the RAS
signaling pathway (pRaf, pMEK 1/2, and pERK 1/2) was also observed (Figure 3C). In
addition, the two apoptotic proteins Bad and Bax were upregulated, suggesting that the
apoptosis of the BxPC-3 cells was induced (Figure 3D).
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growth regulatory proteins downstream of A3AR; (B) Wnt/β-catenin signaling pathway proteins;
(C) RAS downstream proteins; and (D) apoptotic proteins. The error bars represent SE. * p < 0.05,
** p < 0.01 (t-test vs. control). Western blot original images can be found in Supplementary Materials.

4. Discussion

The current study demonstrated that namodenoson inhibited the growth of pancre-
atic adenocarcinoma in vitro and in vivo in a mechanism that was A3AR-mediated and
involved the deregulation of the NFκB, Wnt/β-catenin, and the RAS signaling pathways
leading to induction of apoptosis.

Our in vitro and in vivo findings are consistent with former studies investigating
namodenoson in liver cancer, in which A3AR-mediated growth inhibition was observed
and the mechanism-of-action was shown to involve the NF-κB as well as the Wnt pathways
and apoptosis induction [13–15]. The mechanism of action described in the present work
is also aligned with former studies demonstrating anti-tumor effects in melanoma, colon,
prostate, lung, and thyroid carcinoma, as well as lymphoma. The molecular mechanism
of action included the deregulation of proteins downstream from A3AR activation (p-Akt,
PI3K, and NF-κB) and the upregulation of GSK-3β, which led to the down-regulation of
β-catenin and subsequent decrease in cyclin D1, resulting in the upregulation of apoptotic
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proteins [16,17]. These effects were all induced by nanomolar concentrations of the agonists,
which selectively targeted A3AR and not other adenosine receptor family members which
may confer opposite effects. Moreover, namodenoson was found to potentiate the activity
of natural killer (NK) cells by inducing IL-12 production, a cytotoxic factor with antitumor
effects [18].

The findings in this study are also consistent with the established role of the Wnt and
RAS pathways in pancreatic cancer [3,5]. Indeed, targeting the Wnt and RAS pathways
as therapeutic approaches in pancreatic cancer has been attempted, albeit with limited
success. Targeting the Wnt signaling pathway is challenging, as this pathway is shared
by normal and cancer cells, leading to significant treatment-associated toxicities. For
example, vantictumab, a monoclonal antibody that interacts with five frizzled receptors and
blocks their interactions with the Wnt ligand, led to significant adverse events, including
gastrointestinal and fragility fractures [19]. Targeting the RAS pathway and specifically
KRAS is a challenge due to the KRAS structure (i.e., lack of pharmacologically targetable
pockets within KRAS mutants) and development of tumor resistance. Recent improvements
in drug design have led to the clinical development of effective inhibitors against cancers
with the mutant KRASG12C, two of which (sotorasib and adagrasib) have been approved
by the Food and Drug Administration for previously treated advanced-stage KRASG12C-
mutant non-small cell lung cancer (NSCLC) [20–22].

KRAS mutant tumors have been shown to resist farnesyl transferases inhibitor (FTI)
therapy. FTIs inhibit the post-translational prenylation of KRAS (required for its membrane
localization and hence its signal transduction), and resistance occurs due to alternative
prenylation [23,24].

Our findings that namodenoson inhibited pancreatic tumor growth, combined with
the excellent safety profile of namodenoson, as shown in clinical trials in HCC, as well
as in other indications such as non-alcoholic fatty liver disease [10,11,25], support further
preclinical research on namodenoson in pancreatic cancer and its continued development
as a potential treatment for this difficult-to-treat disease.

5. Conclusions

Our preclinical findings support the continued development of namodenoson as a
treatment for pancreatic cancer.
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//www.mdpi.com/article/10.3390/biom13111584/s1.

Author Contributions: Conceptualization, P.F. and I.I.; methodology, P.F. and I.I.; investigation, P.F.,
A.B.-S. and I.I.; writing—original draft preparation, P.F. and A.B.-S.; writing—review and editing, P.F.,
I.I. and A.B.-S. All authors have read and agreed to the published version of the manuscript.

Funding: The research was funded by Can-Fite BioPharma.

Institutional Review Board Statement: The animal study protocol was approved by the Ethics
Committee of Can-Fite BioPharma (Protocol No. CF-CF102-278).

Informed Consent Statement: Not applicable.

Data Availability Statement: Data supporting this study are included within the article.

Conflicts of Interest: P.F. and I.I. are Can-Fite BioPharma employees. A.B.-S. reports being a consul-
tant for Can-Fite BioPharma.

References
1. Rawla, P.; Sunkara, T.; Gaduputi, V. Epidemiology of pancreatic cancer: Global trends, etiology and risk factors. World J. Oncol.

2019, 10, 10–27. [CrossRef]
2. Ducreux, M.; Seufferlein, T.; Van Laethem, J.L.; Laurent-Puig, P.; Smolenschi, C.; Malka, D.; Boige, V.; Hollebecque, A.; Conroy, T.

Systemic treatment of pancreatic cancer revisited. Semin. Oncol. 2019, 46, 28–38. [CrossRef]
3. Ram Makena, M.; Gatla, H.; Verlekar, D.; Sukhavasi, S.; Pandey, M.K.; Pramanik, K.C. Wnt/beta-catenin signaling: The culprit in

pancreatic carcinogenesis and therapeutic resistance. Int. J. Mol. Sci. 2019, 20, 4242. [CrossRef]

https://www.mdpi.com/article/10.3390/biom13111584/s1
https://www.mdpi.com/article/10.3390/biom13111584/s1
https://doi.org/10.14740/wjon1166
https://doi.org/10.1053/j.seminoncol.2018.12.003
https://doi.org/10.3390/ijms20174242


Biomolecules 2023, 13, 1584 7 of 7

4. Agrawal, R.; Natarajan, K.N. Oncogenic signaling pathways in pancreatic ductal adenocarcinoma. Adv. Cancer Res. 2023, 159,
251–283.

5. Bannoura, S.F.; Uddin, M.H.; Nagasaka, M.; Fazili, F.; Al-Hallak, M.N.; Philip, P.A.; El-Rayes, B.; Azmi, A.S. Targeting KRAS in
pancreatic cancer: New drugs on the horizon. Cancer Metastasis Rev. 2021, 40, 819–835. [CrossRef]

6. Vincenzi, F.; Pasquini, S.; Contri, C.; Cappello, M.; Nigro, M.; Travagli, A.; Merighi, S.; Gessi, S.; Borea, P.A.; Varani, K.
Pharmacology of adenosine receptors: Recent advancements. Biomolecules 2023, 13, 1387. [CrossRef]

7. Borea, P.A.; Varani, K.; Vincenzi, F.; Baraldi, P.G.; Tabrizi, M.A.; Merighi, S.; Gessi, S. The A3 adenosine receptor: History and
perspectives. Pharmacol. Rev. 2015, 67, 74–102. [CrossRef]

8. Madi, L.; Ochaion, A.; Rath-Wolfson, L.; Bar-Yehuda, S.; Erlanger, A.; Ohana, G.; Harish, A.; Merimski, O.; Barer, F.; Fishman, P.
The A3 adenosine receptor is highly expressed in tumor versus normal cells: Potential target for tumor growth inhibition. Clin.
Cancer Res. 2004, 10, 4472–4479. [CrossRef]

9. Fishman, P. Drugs targeting the A3 adenosine receptor: Human clinical study data. Molecules 2022, 27, 3680. [CrossRef]
10. Stemmer, S.M.; Benjaminov, O.; Medalia, G.; Ciuraru, N.B.; Silverman, M.H.; Bar-Yehuda, S.; Fishman, S.; Harpaz, Z.; Farbstein,

M.; Cohen, S.; et al. CF102 for the treatment of hepatocellular carcinoma: A phase I/II, open-label, dose-escalation study.
Oncologist 2013, 18, 25–26. [CrossRef]

11. Stemmer, S.M.; Manojlovic, N.S.; Marinca, M.V.; Petrov, P.; Cherciu, N.; Ganea, D.; Ciuleanu, T.E.; Pusca, I.A.; Beg, M.S.; Purcell,
W.T.; et al. Namodenoson in advanced hepatocellular carcinoma and Child-Pugh B cirrhosis: Randomized placebo-controlled
clinical trial. Cancers 2021, 13, 187. [CrossRef]

12. Clinicaltrials.gov. LIVERATION Trial Description: “Namodenoson in the Treatment of Advanced Hepatocellular Carcinoma in
Patients with Child-Pugh Class B7 Cirrhosis (LIVERATION)”. Available online: https://classic.clinicaltrials.gov/ct2/show/
NCT05201404 (accessed on 29 August 2023).

13. Cohen, S.; Stemmer, S.M.; Zozulya, G.; Ochaion, A.; Patoka, R.; Barer, F.; Bar-Yehuda, S.; Rath-Wolfson, L.; Jacobson, K.A.;
Fishman, P. CF102 an A3 adenosine receptor agonist mediates anti-tumor and anti-inflammatory effects in the liver. J. Cell Physiol.
2011, 226, 2438–2447. [CrossRef]

14. Bar-Yehuda, S.; Stemmer, S.M.; Madi, L.; Castel, D.; Ochaion, A.; Cohen, S.; Barer, F.; Zabutti, A.; Perez-Liz, G.; Del Valle, L.;
et al. The A3 adenosine receptor agonist CF102 induces apoptosis of hepatocellular carcinoma via de-regulation of the Wnt and
NF-kappaB signal transduction pathways. Int. J. Oncol. 2008, 33, 287–295. [PubMed]

15. Kotulova, J.; Lonova, K.; Kubickova, A.; Vrbkova, J.; Kourilova, P.; Hajduch, M.; Dzubak, P. 2-Cl-IB-MECA regulates the
proliferative and drug resistance pathways, and facilitates chemosensitivity in pancreatic and liver cancer cell lines. Int. J. Mol.
Med. 2022, 49, 31. [CrossRef] [PubMed]

16. Fishman, P.; Bar-Yehuda, S.; Liang, B.T.; Jacobson, K.A. Pharmacological and therapeutic effects of A3 adenosine receptor agonists.
Drug Discov. Today 2012, 17, 359–366. [CrossRef] [PubMed]

17. Mazziotta, C.; Rotondo, J.C.; Lanzillotti, C.; Campione, G.; Martini, F.; Tognon, M. Cancer biology and molecular genetics of A3
adenosine receptor. Oncogene 2022, 41, 301–308. [CrossRef]

18. Harish, A.; Hohana, G.; Fishman, P.; Arnon, O.; Bar-Yehuda, S. A3 adenosine receptor agonist potentiates natural killer cell
activity. Int. J. Oncol. 2003, 23, 1245–1249. [CrossRef]

19. Tai, D.; Wells, K.; Arcaroli, J.; Vanderbilt, C.; Aisner, D.L.; Messersmith, W.A.; Lieu, C.H. Targeting the Wnt signaling pathway in
cancer therapeutics. Oncologist 2015, 20, 1189–1198. [CrossRef]

20. Sotorasib [Package Insert]; Amgen Inc.: Thousand Oaks, CA, USA, 2023.
21. Adagrasib [Package Insert]; Mirati Therapeutics, Inc.: San Diego, CA, USA, 2022.
22. Punekar, S.R.; Velcheti, V.; Neel, B.G.; Wong, K.K. The current state of the art and future trends in RAS-targeted cancer therapies.

Nat. Rev. Clin. Oncol. 2022, 19, 637–655. [CrossRef]
23. Whyte, D.B.; Kirschmeier, P.; Hockenberry, T.N.; Nunez-Oliva, I.; James, L.; Catino, J.J.; Bishop, W.R.; Pai, J.K. K- and N-Ras are

geranylgeranylated in cells treated with farnesyl protein transferase inhibitors. J. Biol. Chem. 1997, 272, 14459–14464. [CrossRef]
24. Rowell, C.A.; Kowalczyk, J.J.; Lewis, M.D.; Garcia, A.M. Direct demonstration of geranylgeranylation and farnesylation of Ki-RAS

in vivo. J. Biol. Chem. 1997, 272, 14093–14097. [CrossRef] [PubMed]
25. Safadi, R.; Braun, M.; Francis, A.; Milgrom, Y.; Massarwa, M.; Hakimian, D.; Hazou, W.; Issachar, A.; Harpaz, Z.; Farbstein,

M.; et al. Randomised clinical trial: A phase 2 double-blind study of namodenoson in non-alcoholic fatty liver disease and
steatohepatitis. Aliment. Pharmacol. Ther. 2021, 54, 1405–1415. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1007/s10555-021-09990-2
https://doi.org/10.3390/biom13091387
https://doi.org/10.1124/pr.113.008540
https://doi.org/10.1158/1078-0432.CCR-03-0651
https://doi.org/10.3390/molecules27123680
https://doi.org/10.1634/theoncologist.2012-0211
https://doi.org/10.3390/cancers13020187
https://classic.clinicaltrials.gov/ct2/show/NCT05201404
https://classic.clinicaltrials.gov/ct2/show/NCT05201404
https://doi.org/10.1002/jcp.22593
https://www.ncbi.nlm.nih.gov/pubmed/18636149
https://doi.org/10.3892/ijmm.2022.5086
https://www.ncbi.nlm.nih.gov/pubmed/35039871
https://doi.org/10.1016/j.drudis.2011.10.007
https://www.ncbi.nlm.nih.gov/pubmed/22033198
https://doi.org/10.1038/s41388-021-02090-z
https://doi.org/10.3892/ijo.23.4.1245
https://doi.org/10.1634/theoncologist.2015-0057
https://doi.org/10.1038/s41571-022-00671-9
https://doi.org/10.1074/jbc.272.22.14459
https://doi.org/10.1074/jbc.272.22.14093
https://www.ncbi.nlm.nih.gov/pubmed/9162034
https://doi.org/10.1111/apt.16664
https://www.ncbi.nlm.nih.gov/pubmed/34671996

	Introduction 
	Materials and Methods 
	Reagents, Drug, and Cells 
	In Vitro Assays 
	In Vivo Assays 
	Statistical Analysis 

	Results 
	Namodenoson Inhibited Tumor Growth In Vitro in an A3AR-Mediated Manner 
	Namodenoson Inhibited Tumor Growth In Vivo 
	In Vitro Effects of Namodenoson on Signal Transduction 

	Discussion 
	Conclusions 
	References

