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2-CI-IB-MECA regulates the proliferative and drug
resistance pathways, and facilitates chemosensitivity
in pancreatic and liver cancer cell lines
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Abstract. Specific A; adenosine receptor (A;AR) agonist,
2-chloro-N6-(3-iodobenzyl)-5'-N-methylcarboxamidoadenosine
(2-CI-IB-MECA), demonstrates anti-proliferative effects on
various types of tumor. In the present study, the cytotoxicity of
2-CI-IB-MECA was analyzed in a panel of tumor and non-tumor
cell lines and its anticancer mechanisms in JoPaca-1 pancreatic
and Hep-3B hepatocellular carcinoma cell lines were also
investigated. Initially, decreased tumor cell proliferation, cell
accumulation in the G, phase and inhibition of DNA and RNA
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synthesis was found. Furthermore, western blot analysis showed
decreased protein expression level of 3-catenin, patched1 (Ptchl)
and glioma-associated oncogene homolog zinc finger protein 1
(Glil), which are components of the Wnt/p-catenin and Sonic
hedgehog/Ptch/Gli transduction pathways. In concordance with
these findings, the protein expression levels of cyclin D1 and
c-Myc were reduced. Using a luciferase assay, it was revealed for
the first time a decrease in [3-catenin transcriptional activity, as
an early event following 2-CI-IB-MECA treatment. In addition,
the protein expression levels of multidrug resistance-associated
protein 1 and P-glycoprotein (P-gp) were reduced and the
P-gp xenobiotic efflux function was also reduced. Next, the
enhancing effects of 2-CI-IB-MECA on the cytotoxicity of
conventional chemotherapy was investigated. It was found
that 2-CI-IB-MECA enhanced carboplatin and doxorubicin
cytotoxic effects in the JoPaca-1 and Hep-3B cell lines, and a
greater synergy was found in the highly tumorigenic JoPaca-1
cell line. This provides a novel in vitro rationale for the utiliza-
tion of 2-CI-IB-MECA in combination with chemotherapeutic
agents, not only for hepatocellular carcinoma, but also for
pancreatic cancer. Other currently used conventional chemo-
therapeutics, fluorouracil and gemcitabine, showed synergy
only when combined with high doses of 2-CI-IB-MECA.
Notably, experiments with A;AR-specific antagonist,
N-[9-Chloro-2-(2-furanyl)(1,2,4)-triazolo(1,5-c)quinazolin-5-yl]
benzene acetamide, revealed that 2-Cl-IB-MECA had antitumor
effects via both A;AR-dependent and -independent pathways.
In conclusion, the present study identified novel antitumor
mechanisms of 2-CI-IB-MECA in pancreatic and hepatocellular
carcinoma in vitro that further underscores the importance of
A5AR agonists in cancer therapy.

Introduction

Pancreatic cancer is recognized as one of the most prevalent
malignancies, with an increasing incidence rate worldwide
(4.9 per 100.00 person/years, in 2020) (1). In addition to
hereditary risk factors leading to the development of pancre-
atic cancer, there are environmental factors, such as tobacco
use, alcohol consumption, chronic pancreatitis, obesity and
diabetes mellitus. Furthermore, the lack of feasible screening
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tests and the asymptomatic early stage complicates the detec-
tion of the disease and decreases the survival rate (the 7th
leading cause of cancer death, data from 2018) (2).

Similar to pancreatic cancer, the incidence rate of
hepatocellular carcinoma (HCC) is among the highest
(9.5 per 100.000 person/years in 2020); however, it differs
in different regions of the world (Western Europe, 5.4 per
100.000 person/years), with most cases in Eastern Asia (17.8
per 100.000 person/years) (1). In addition to ethnicity, impor-
tant risk factors are cirrhosis, chronic hepatitis infections and
an unhealthy lifestyle (3). Furthermore, both pancreatic cancer
and HCC are characterized by frequent chemoresistance,
which is associated with unfavorable prognoses (4,5). The
development of chemoresistance mechanisms are particularly
important in patients with HCC and unresectable tumors, where
chemotherapy remains the first choice of treatment (6-8). Due
to the limited treatment options, there is a high requirement for
new therapeutic agents, which has not been met.

The adenosine receptor (AdoR) family of G protein-coupled
receptors (GPCRs) were identified as key modulators of
myocardial and neuronal cell functions, immune system,
and as regulators of carcinogenesis (9,10). The A; adenosine
receptor subtype (A;AR) is highly expressed in tumor tissue,
including pancreatic cancer and HCC (11-13); therefore, A;AR
is a promising target for anticancer therapy. A;AR was also
found to be a prognostic tumor marker in colorectal cancer by
Gessi et al (14).

The first highly selective A;AR agonist, 2-chloro-N6-(3-iod-
obenzyl)-5'-N-methylcarboxamidoadenosine (2-CI-IB-MECA),
was synthesized more than two decades ago (15). Initially,
2-Cl-IB-MECA-mediated cardiovascular effects were demon-
strated in rats (16) then, 2-CI-IB-MECA was recognized as a
neuromodulator (17),a cardio-protectant (18),a painreliever (19),
an anti-inflammatory agent (20), an immuno-modulatory
agent (21), and an anticancer agent (22).

Presently, 2-CI-IB-MECA is undergoing clinical
trials for treating non-alcoholic steatohepatitis (NASH)
and HCC, showing no dose-limiting toxicity or serious
drug-related side effects, while being well tolerated by
patients (23,24), and also showing an improvement in
moderate hepatic dysfunction (25,26). Another A;AR agonist,
N(6)-(3-iodobenzyl)-5'-N-methylcarboxamidoadenosine
(IB-MECA), successfully passed Phase III clinical trials for
treating psoriasis with promising results (27), and a follow-up
Phase III clinical trial for treating moderate-to-severe plaque
psoriasis is currently recruiting patients (NCT03168256).
Currently, 2-CI-IB-MECA is used as a reference A;AR for both
in vitro (28) and in vivo studies (29) and new N6-derivatized
analogues are being developed (30,31). In addition, novel
avenues of GPCR signaling are emerging, such as biased
agonism, allostery and receptor oligomerization (32,33).
These observations indicate that adenosine analogues and
2-Cl-IB-MECA are particularly useful pharmacological tools
in both experimental and clinical settings.

The therapeutic potential of 2-CI-IB-MECA in the human
JoPaca-1 pancreatic cancer and the Hep-3B HCC cell lines
was investigated in the present study. The JoPaca-1 cell line,
established in 2012, is strongly tumorigenic and manifests
a highly aggressive heterogenic phenotype, that is similar
to primary pancreatic tumors (34). Notably, adenosine

signaling in pancreas pathologies is surprisingly under-
studied (35). The Hep-3B HCC cell line is also tumorigenic,
expressing mesenchymal proteins that are associated with
epithelial-mesenchymal transition (EMT) and is notably
responsive to Smoothened (SMO) antagonists targeting the
Hedgehog pathway (Hh) (36). Adenosinergic signaling was
found to be a relevant anticancer mechanism against resistant
tumors in vitro (37,38) and in vivo (39). Furthermore, an
increasing number of studies demonstrated the effectiveness
of 2-CI-IB-MECA in resistant tumor types (40-42). In addi-
tion, the modulatory role of 2-CI-IB-MECA in P-glycoprotein
(P-gp) chemoresistance in leukemia cells (43) and the interac-
tion of novel A;AR agonists with P-gp (44) have been found.

As a result, the ability of 2-CI-IB-MECA to induce
cytotoxicity in tumor cells; to effect the PI3K/AKT/NF-«B,
Wnt/B-catenin, and Sonic hedgehog (Shh)/Patched (Ptch)/
Glioma-associated oncogene homolog zinc finger protein
(Gli) signaling pathways; to modulate the expression and
function of the multidrug-resistance-associated protein 1
(MRP1) and P-gp multi-drug transporters; and to enhance the
cytotoxic effects of conventional chemotherapeutic drugs in
JoPaca-1 pancreatic and Hep-3B HCC cancer cell lines was
investigated in the present study. In addition, a specific A;AR
antagonist, N-[9-Chloro-2-(2-furanyl)(1,2,4)-triazolo(1,5-c)
quinazolin-5-yl]Jbenzene acetamide (MRS 1220) was used to
distinguish between A;AR-dependent and A;AR-independent
effects. Such knowledge could lead to the selection of suitable
patient cohorts and maximization of their benefits from the
therapy.

Materials and methods

Materials. The reagents and chemicals were purchased as
follows: MRS 1220 (Tocris Bioscience); 0.9% w/v sodium
chloride intravenous infusion (B. Braun Melsungen AG);
GlutaMAX™, TrypLE™ Express Enzyme (Thermo Fisher
Scientific, Inc.), Geneticin, Zeocin Selection Reagent (Gibco;
Thermo Fisher Scientific, Inc.), Pierce™ BCA Protein Assay
kit and Ham's F-12K (Kaighn's) medium (Thermo Fisher
Scientific, Inc.); Iscove's modified Dulbecco's medium
(IMDM), Eagle's minimum essential medium (EMEM) and
RPMI-1640, McCoy's 5A modified medium (Lonza Group
Ltd.); Ham's F12 and DMEM/F-12 (HyClone; Cytiva); ethanol
(VWR International, LLC); Cell wash reagent, Permeabilizing
solution 2 and Fc receptor saturation reagent (BD Biosciences);
FBS (Capricorn Scientific GmbH); Coelenterazine h (Biotium,
Inc.); CellTiter 96 AQueous Non-Radioactive Cell Proliferation
Assay (Promega Corporation); paraformaldehyde (Merck
KGaA); glycine (AMSBIO LLC); Amersham™ ECL™ Prime
Western blotting detection reagent and Amersham nitrocellu-
lose membrane 0.2 uM (Cytiva); Britelite plus Luminescence
Reporter Gene Assay System (PerkinElmer, Inc.); fluorouracil
(5-FU) and gemcitabine (Accord Healthcare Ltd.); carboplatin
(Fresenius Kabi Asia-Pacific, Ltd.); doxorubicin (Pharmagen
GmbH); 5'-N-ethylcarboxamidoadenosine (NECA),
2-CI-IB-MECA, dimethyl sulfoxide (DMSO), BSA, EDTA,
PI, 5-Bromo-2'-deoxyuridine (BrdU), 5-Bromouridine (BrU),
sodium tetraborate decahydrate, nonyl phenoxypolyethoxyle-
thanol (NP-40), RNase A, Fraction V, daunorubicin, puromycin
and all other chemicals were purchased from Sigma-Aldrich
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(Merck KGaA). All compounds used for treatments were of
=98% purity. For all experiments, DMSO was used as vehicle
for MRS 1220, NECA and 2-CI-IB-MECA, while 0.9% w/v
sodium chloride intravenous infusion was used as a vehicle for
5-FU, gemcitabine, carboplatin and doxorubicin.

The following primary antibodies were used: A ;AR
(cat. no. ab203298; 1:500), phosphorylated pAKT Ser*”?
(cat. no. ab192623; 1:500), pAKT Thr*®® (cat. no. ab38449;
1:500), NF-xB (cat. no. ab16502; 1:1,000), B-catenin (cat.
no. ab32572; 1:2,500), Glil (cat. no. ab134906; 1:500), Ptchl
(cat. no. ab53715; 1:1,000), c-Myc (cat. no. ab32072; 1:1,000)
all from Abcam; ERK1/2 (cat. no. 9102; 1:1,000), pPERK1/2
Thr?%/Tyr*** (cat. no. 20G11; 1:1,000), AKT (cat. no. 9272S;
1:1,000), pNF-xB Ser**® (cat. no. 3033; 1:1,000), GSK-3b (cat.
no. 27C10; 1:1,000), pGSK-3b Ser’ (cat. no. 9336; 1:1,000),
cyclin D1 (cat. no. 2978; 1:500), pc-Myc Ser® (cat. no. 13748S;
1:1,000), pc-Myc Thr® (cat. no. 46650S; 1:1,000) from Cell
Signaling Technology, Inc.; MRP1 (cat. no. 801-012-C250;
1:250) from Enzo Life Sciences, Inc.; p-histone H3 Ser' (cat.
no. 06-570; 1:500) from Merck KGaA; B-actin (cat. no. A2228;
1:3,000), IgG1 isotype control unconjugated (cat. no. M5284;
1:140), P-gp (cat. no. P7965; 1:250) from Sigma-Aldrich (Merck
KGaA); and anti-BrdU (cat. no. 11-286-C025; 1:250) from
EXBIO Praha, a.s. Secondary antibodies conjugated with HRP
anti-rabbit IgG (cat. no. A-0545; 1:10,000) and anti-mouse IgG
(cat. no. A-2304; 1:10,000), and anti-mouse-IgG-FITC (cat.
no. F2883; 1:250) were purchased from Sigma-Aldrich (Merck
KGaA). Anti-rabbit-IgG-Alexa Fluor 488 (cat. no. A-11070;
1:500) was purchased from Thermo Fisher Scientific, Inc.

The JoPaca-1 pancreatic carcinoma and Hep-3B HCC
cell lines were purchased from German Collection of
Microorganisms and Cell Cultures. The A549 lung carci-
noma, BJ non-tumor fibroblast, BT-549 and MDA-MB-231
breast cancer, CCRF-CEM leukemia, non-tumor MRC-5
fibroblast, U20S osteosarcoma, HCT116 colon carcinoma
and HT-29 colorectal cancer cell lines were purchased from
the American Type Culture Collection. The human ES-012-A
A;AR aequorin cell line was purchased from Perkin Elmer,
Inc., while the parental K562 leukemia and the HCT116
p3537" cell lines were purchased from Horizon Discovery Ltd.
The CEM-DNR (resistant to daunorubicin) and K562-TAX
(resistant to paclitaxel) cell lines were established in our labo-
ratory (45).

The (-catenin reporter cell lines were prepared as follows:
The U20S, HCT 116 and HT-29 cell lines were stably trans-
duced at multiplicity of infection, 5, at 37°C for 16 h with
commercially available lentiviral particles [Cignal Lenti T cell
factor/lymphoid enhancer factor (TCF/LEF) Reporter Assays;
cat. no. CLS-018L; Qiagen GmbH] carrying the TCF/LEF
responsive element coupled to firefly luciferase reporter gene.
The following three models of the Wnt/f-catenin pathway
were established using antibiotic selection in the presence
of 1 ug/ml puromycin: Wild-type (derived from the U20S
cell line; B-catenin™T); constitutively active with deletion
of Ser*” in B-catenin, where this single nucleotide variant
prevents B-catenin proteasomal degradation (derived from
the HCT116 cell line; B-catenin™); and constitutively active
with a loss-of-function mutation in the APC gene (derived
from the HT-29 cell line; APC™). Monoclonal cell lines were
generated from polyclonal population after one-week selection

in presence of 1 ug/ml puromycin using single cell sorting
(FACSAria IT SORP; BD Biosciences) and maintained in the
corresponding media containing 1 pg/ml puromycin. Before
the experiments, specific reporter activity for each clonal
cell line was verified by stimulation with the Wnt3a ligand
and small interfering (si)RNA-mediated downregulation of
[-catenin. The experiments were conducted within one month
from the transduction.

Cell culture. The cell lines were maintained and sub-cultured
according to manufacturer's instructions under the following
conditions: JoPaca-1 (IMDM; 20% FBS); K562 (IMDM;
10% FBS); Hep-3B (EMEM; 10% FBS; GlutaMAX™);
MRC-5 and BJ (EMEM; 10% FBS); K562-TAX, CCRF-CEM,
CEM-DNR, BT-549 and MDA-MB-231 (RPMI-1640; 10%
FBS); A549 (Ham's F-12K; 10% FBS); HCT116 and HCT116
p337 (RPMI; 10% FBS); U20S and HT-29 (McCoy's 5A modi-
fied medium; 10% FBS); A;AR reporter ES-012-A (Ham's
F-12; 10% FBS; GlutaMAX™; 0.4 mg/ml geneticin; and
0.25 mg/ml zeocin); B-catenin reporter cell lines (McCoy's SA
modified medium; 10% FBS; 1 pg/ml puromycin). The cell
lines were authenticated using short tandem repeat DNA
profiling analysis (PowerPlex 18D; Promega Corporation),
analyzed every two weeks for mycoplasma contamination
(reverse transcription-quantitative PCR), and maintained in
T-150 flasks at 37°C in a humidified incubator with 5% CO,
and 100% humidity. For the experiments, the cells were placed
in fresh medium, with no antibiotics at densities specified for
each method.

AAR functional assay. The A;AR functional assay used
was performed as previously described (46) with modifica-
tions. Briefly, ES-012-A is an AequoScreen reporter cell
line stably expressing A;AR, the photoprotein aequorin, and
the promiscuous Gal6 protein subunit. The ES-012-A cell
line was non-enzymatically harvested with PBS/EDTA and
incubated in DMEM/F12 medium with 5 yuM coelenterazine
for 4 h at room temperature (RT) in the dark to reconstitute
the active form of aequorin. Meanwhile, 384-well microplates
with pre-diluted 2-CI-IB-MECA (50 yuM-1 pM) and MRS
1220 (10 uM-0.01 pM) were prepared using the acoustic liquid
handler ECHO 550 (LabCyte, Inc.).

Coelenterazine-loaded cells (5x10° cells per well) were
dispensed using a cell suspension system and the FLIPR tetra
multimodal reader (Molecular Devices, LLC.). The resulting
luminescence was recorded immediately. The cells were incu-
bated within the instrument for another 15 min at RT and the
antagonistic response, represented by a drop in luminescence
signal, was measured directly after the addition of the reference
agonist NECA, at 80% of maximal effective concentration
(ECqp). Raw data (area under the curve; AUC) were normal-
ized to the percentage of the reference agonist NECA response
(arbitrarily set at 100%). Normalized response in percentage
was plotted against concentration, and ECs, (for agonist) and
IC,, (for antagonist) were calculated. The data used for analysis
were the result of four independent experiments.

Cytotoxicity assay. The cytotoxicity assay was performed as
previously described (47). Briefly, the cell lines were seeded
into 384-well microplates, at specific densities for each cell
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line (0.9-2.5x10° cells per well). After 24 h, all the tested
compounds were added to the microplates using the acoustic
liquid handler ECHO 550. Either vehicle, 2-CI-IB-MECA,
MRS 1220 or 2-CI-IB-MECA in combination with 0.1 xM
fixed concentration of MRS 1220 were analyzed at a concen-
tration range 100-0.2 yM in the JoPaca-1 and Hep-3B cell
lines. The vehicle volume was equal to the maximal concen-
tration of treatment. In the other tumor and non-tumor cell
lines, 2-CIl-IB-MECA was analyzed at 0.02-50 uM.

In the B-catenin reporter cell lines, 2-CI-IB-MECA was
analyzed at a single concentration of 50 M. In the synergy
combination experiments, 2-Cl-IB-MECA was analyzed at
a concentration range from 1.56 to 50 #M in the JoPaca-1
cell line and from 0.78 to 25 uM in the Hep-3B cell line.
The chemotherapeutic agents were used at concentrations as
follows: 5-FU and carboplatin (0.78-200 xM), doxorubicin
(0.1-25 uM), gemcitabine (0.2-50 #M). For the 2-CIl-IB-MECA
and MRS 1220 combination experiments, MRS 1220 was
added to the cells 30 min prior to 2-CI-IB-MECA.

The treated cells were incubated at 37°C with 5% CO,
and 100% humidity for 24 and 48 h (B-catenin reporters) or
72 h (other cell lines). After incubation, MTS solution and
phenazine methosulfate (PMS), an electron coupling reagent,
was prepared according to manufacturer's instructions and
dispensed to the microplates using a Multidrop Combi reagent
dispenser (Thermo Fisher Scientific, Inc.). The final concentra-
tion of MTS/PMS in the wells was 235 ug/ml. All the cell
lines were allowed to metabolize the MTS/PMS reagent into
formazan for 1.5-3 h at 37°C with 5% CO, and 100% humidity.
Absorbance of the formazan product was measured at 490 nm
using an EnVision plate reader (Perkin Elmer, Inc.) and, after
subtracting the blank, the cytotoxic (anti-proliferative) effects
were expressed as percentage of inhibition. The data used for
analysis were the result of three independent experiments.

For the enhanced effect of combined treatments in
synergy experiments, the effects were expressed as the frac-
tion affected (FA) normalized to cells treated with vehicle
(DMSO for 2-Cl-IB-MECA and MRS 1220; 0.9% w/v
sodium chloride intravenous infusion for chemotherapeutic
agents), and was calculated using the following equation:
FA=1-(sample-blank/control-blank), where the sample is the
value from a single well treated with a compound, the control
is the average absorbance of the cells treated with vehicle and
the blank is the average absorbance of the background without
cells.

The effects of two drug treatments were assessed using
the CalcuSyn software (version 2.0; Biosoft), as a combination
index (CI) and the Chou-Talalay method (48,49). The FA was
used as data input, where CI <0.9 was quantitatively defined as
synergism, CI >0.9 and <1.1 as an additive effect, and CI >1.1
as antagonism.

Cell cycle analysis. Cell cycle analysis was performed as
previously described (50). The JoPaca-1 and Hep-3B cell lines
were seeded 24 h before treatment in 6-well multi dishes, at
2.7- and 2.2x10° cells per well, respectively. The JoPaca-1 and
Hep-3B cells were treated for 24 h with either vehicle, 20 nM
or 20 uM 2-CI-IB-MECA using the ECHO 550 dispenser.
Both adherent and detached cell fractions were subsequently
harvested using TrypLE reagent on ice, washed with PBS,

fixed with 70% ethanol at -20°C added drop by drop, and
immediately transferred to -20°C for another 24 h. The fixed
cells were washed with citrate buffer to enhance extraction
of the fragmented DNA (the subG, population), stained with
600 ul PI (50 pg/ml) for 30 min at 37°C in the dark, followed by
incubation of samples with added 500 ¢l RNAse (2 mg/ml) for
another 15 min under the same conditions. Before adding PI,
half of each sample was separated and incubated for 1 h with
an antibody against p-histone H3 Ser'® (pH3) at RT in the dark.
The samples were washed with PBS containing 1% FBS, then
incubated with fluorescent secondary antibody, Alexa Fluor
488 for another 30 min at RT in the dark, washed with PBS
containing 1% FBS and stained with PI as aforementioned.

PI and Alexa Fluor 488 fluorescence intensities in relative
fluorescence units (RFU) were then measured using a flow
cytometer (FACS Calibur; BD Imunocytometry Systems) with
a 488 nm single beam argon laser, with two types of settings
for fluorescence measurement of PI (linear for cell cycle and
pH3 and logarithmic for subG,). Analysis of the cell cycle
phases was performed using ModFit LT (version 2.0; Verity
Software House, Inc.) and quantifications of the subG, and
pH3-marked mitotic cells were performed using CellQuest
software (version 3.3; BD Immunocytometry Systems). Each
sample consisted of at least 1x10* cells in compliance with the
required parameters from three independent experiments.

DNA synthesis. The level of DNA synthesis was quantified
by incorporating BrdU into the DNA from the JoPaca-1 and
Hep-3B cell lines according to a previous study (50). Briefly,
the cells were seeded 24 h before treatment in 6-well multi
dishes at 2.7x10° and 2.2x10° cells per well for the JoPaca-1 and
Hep-3B cells, respectively, to achieve an approximate density
of 60% at the time of treatment. The cell lines were treated
with either vehicle, 20 nM or 20 yM 2-CI-IB-MECA, or with
the combination of 2-CI-IB-MECA (20 nM or 20 uM) and
MRS 1220 (0.1 uM) for 24 h, for the JoPaca-1 and Hep-3B cells,
respectively. For the combination experiments, MRS 1220 was
added to the cells 30 min before 2-CIl-IB-MECA. The cells
were then labelled with 1 xuM BrdU solution at 37°C with
5% CO, and 100% humidity for 60 min before harvesting.

The cells were harvested with TrypLE reagent, washed
with PBS, fixed with 70% ethanol at -20°C, added dropwise
and immediately transferred to -20°C for 24 h. The samples
were then incubated with 2 M HCl/Triton X-100 solution for
30 min at RT. The DNA denaturing reaction was neutralized
with 0.1 M sodium tetraborate decahydrate. The cells were
then washed with PBS containing 1% BSA and 0.5% Tween-20
and stained with primary anti-BrdU antibody for 30 min at RT
in the dark. After washing with PBS, the cells were incubated
with secondary anti-mouse-IgG-FITC antibody for 30 min at
RT in the dark. The stained samples were washed with PBS
one last time and incubated with 0.5 mg/m RNAse A for
15 min, followed by 0.1 mg/ml PI for another 15 min both at
RT in the dark.

The samples were measured using a FACSCalibur flow
cytometer and a 488 nm argon laser. Each sample included
at least 1x10* cells in compliance with the required param-
eters from three independent experiments. The rate of DNA
synthesis was analyzed using CellQuest software (version 3.3;
BD Immunocytometry Systems).
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RNA synthesis. RNA synthesis was quantified by incorporating
BrU into RNA in the JoPaca-1 and Hep-3B cell lines according
to a previous study (50). In short, the cells were seeded
24 h before treatment in 6-well multi dishes at 2.7x10° and
2.2x10° cells per well for the JoPaca-1 and Hep-3B cell lines,
respectively, to achieve ~60% density at the time of treatment.
The concentrations and combinations of the compounds added
to the cells were identical to the DNA synthesis experiment,
as aforementioned. The cells were incubated for 24 h. Before
harvesting, the cells were labelled with 1.5 M BrU solution
for 90 min at 37°C with 5% CO, and 100% humidity. The cells
were harvested using TrypLE reagent followed by fixation in
1% paraformaldehyde, with 0.05% NP-40 in PBS for 15 min
on a rotating wheel at RT. The samples were stored overnight at
4°C. Subsequently, the cells were washed with PBS, containing
1% glycine, with PBS alone, then stained with unconjugated
anti-BrdU antibody for 45 min at RT, which cross-reacts with
the BrU incorporated into the cells. After washing again with
PBS containing 0.1% NP-40 and 0.1% BSA, the cell suspen-
sion was fluorescently labelled by incubation with secondary
anti-mouse-IgG-FITC antibody for 30 min at RT in the dark.
The labelled samples were washed with PBS containing 0.1%
NP-40 and 0.1% BSA and fixed with 1% paraformaldehyde
and 0.05% NP-40 in PBS for 15 min at RT in the dark and,
subsequently, incubated for 1 h at 4°C. After the last wash with
PBS, the cells were incubated with 0.5 mg/ml RNAse A for
15 min at RT, followed by 0.1 mg/ml PI for another 15 min at
RT in the dark. BrU-labelled samples were analyzed as previ-
ously described for DNA staining and the data used was from
three independent experiments.

Western blot analysis. The JoPaca-1 and Hep-3B cell lines
were seeded in 6-well multi dishes, at densities of 2.7x10° and
2.2x10° cells, respectively, and treated with either vehicle (24 h),
20 uM 2-CI-IB-MECA, or 0.1 uM MRS 1220 for 30 min prior
to 2-CI-IB-MECA, for 24 and 48 h. The cells were harvested
on ice using a scraper and lysed with ice-cold RIPA buffer
(150 uM NaCl, 1% NP-40, 0.5% sodium deoxycholate, 0.1%
SDS, 50 uM Tris-HCI pH 8.0 and 1 uM EDTA) for 30 min,
then sonicated at 35 kHz for 1 min in a 4°C ultrasonic water
bath. Next, the cell debris were discarded using centrifugation
at 14,000 x g for 15 min at 4°C. The protein concentrations
were determined using a BCA protein assay. After 5X concen-
trated Laemmli buffer was added, the protein samples were
incubated at 70°C for 10 min. Equal concentrations (20 ug)
of each sample were separated using 7.5 or 12% SDS-PAGE.
The resolved proteins were transferred to nitrocellulose
membranes using the semi-dry blot method (Trans-Blot Turbo
Transfer System; Bio-Rad Laboratories, Inc.). The membranes
were blocked with 5% BSA in TBS, containing 0.1% Tween-20
for 1 h at RT, then incubated overnight at 4°C with the primary
antibodies. Subsequently, the membranes were washed in
TBS, containing 0.1% Tween-20 and incubated for 1 h at RT
with HRP anti-rabbit IgG or anti-mouse IgG secondary anti-
bodies. Next, the proteins were visualized using ECL substrate
and a ChemiDoc MP Imaging System (Bio-Rad Laboratories,
Inc.). The immunoblot images were processed using Image
Lab v6.1 (Bio-Rad Laboratories, Inc.) and, if relevant, band
densities were analyzed using ImagelJ software (51). Relative
intensities were calculated using B-actin as the loading control

and expressed as fold change. In the same manner, A;AR
endogenous protein expression was analyzed using western
blot analysis in the MRC-5, JoPaca-1 and Hep-3B cell lines.
The data used for analysis were the result of three independent
experiments.

B-catenin reporter assay. The B-catenin®T, B-catenin™, and
APC™* reporter cell lines were seeded onto 384-well micro-
plates, at a density of 2.5x10° cells per well. After incubation
for 24 h at 37°C with 5% CO, and 100% humidity, all analyzed
compounds were added to the microplates, at the indicated
concentrations as aforementioned using an acoustic liquid
handler ECHO 550 and the treated cells were incubated for
specific durations (1, 3, 6, 12, 24 and 48 h).

Immediately after the addition of the Britelite plus reagent,
the luminescence signal proportional to the transcriptional
activity of the reporters was measured using an EnVision plate
reader. After subtracting the blank, f-catenin transcriptional
activity was calculated as a percentage of inhibition, defined
similarly to the MTS assay. The data used for analysis were
from three independent experiments.

P-gp expression. The JoPaca-1 and Hep-3B cell lines were
seeded in 6-well multi dishes, at 2.7x10° and 2.2x10° cells
per well, respectively. The cells at ~60% density were treated
with either vehicle or 20 uM 2-CI-IB-MECA 24 h later. After
another 24 h, the cells were collected using TrypLE reagent,
centrifuged at 500 x g for 5 min, at RT and the pellet was
washed with PBS. The cells were fixed with cold methanol
(-20°C; 100%), added dropwise, then the cells were stored at
-20°C for a minimum of 24 h before analysis.

Subsequently, the cells were washed with rinsing buffer,
composed of Cell wash reagent, 0.5% BSA, 0.1% NP-40, then
permeabilized with Permeabilizing solution 2 for 10 min,
and washed again with rinsing buffer. A saturation reagent
that blocks Fc receptors to prevent unspecific binding of
the antibody (Cell wash reagent, 0.5% BSA and Fc receptor
saturation reagent) was added to the cells, then incubated for
10 min at RT, and washed twice more with Cell wash reagent
containing 0.5% BSA and 0.1% NP-40. The samples were
divided into two tubes: One for P-gp expression analysis
(monoclonal anti-P-gp antibody) and one for the isotype
control (IgGl isotype control; unconjugated); both tubes were
incubated with the antibodies for 30 min at RT in the dark.
Following which, all the samples were washed with rinsing
buffer and incubated with FITC-conjugated secondary anti-
body anti-mouse-IgG for 30 min at RT, washed once more,
then stored at 4°C for 15 min.

Median fluorescence intensities (MFI) for both samples
and isotype controls were measured with a 488 nm argon
laser and a FACS Calibur flow cytometer, where the isotype
controls defined the intensity threshold at a median of 10 rela-
tive fluorescence units. MFI raw data were the result of three
independent experiments and analyzed using CellQuest
(version 3.3; BD Immunocytometry Systems).

P-gp efflux assay. The K562-TAX cell line, derived from
K562 chronic myelogenous leukemia cell line, was developed
at the Institute of Molecular and Translational Medicine, as a
cell line that is resistant to paclitaxel, with high expression of
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the P-gp transporter and low expression levels of MRP1 and
lung resistance protein (LRP) transporters (45).

The P-gp efflux assay was conducted as previously
described (52). Briefly, the K562-TAX cells were seeded in
6-well multi dishes at 2.5x10° and allowed to proliferate for
24 h. The next day, the cells were treated with 1 xM dauno-
rubicin (fluorescent) for 60 min at 37°C in the dark. The cells
were washed twice with complete medium and incubated
with 2-CI-IB-MECA (0.78-100 #M), either alone or following
0.1 uM MRS 1220 pre-treatment for 30 min at 37°C, for
another 60 min under the same conditions as aforementioned.
Following which, the K562-TAX cells were harvested using a
scraper and fluorescence intensity was measured immediately
using a FACS Calibur flow cytometer and a 488 nm argon
laser.

Each sample comprised at least 1x10* cells, that were
compliant with the required parameters. The raw data were the
result of three independent experiments and were measured as
MFI. MFT for the vehicle was set to 10 relative fluorescence
units. MFI comparisons were analyzed using CellQuest
(version 3.3; BD Immunocytometry Systems).

Statistical analysis. The results are expressed as the mean + SD,
with the number of independent replicates (n) indicated for each
experiment. Quantification of the results was performed using
GraphPad Prism v9 for Windows (GraphPad Software, Inc.),
including ICs, values for the JoPaca-1 and Hep-3B cell lines.
The ICs, values in the MTS experiment using the other tumor
and non-tumor cell lines were calculated using Dotmatics soft-
ware (version 5.5; Dotmatics, Ltd.). Statistical analyses were
performed using R statistical software, v3.5.0 (R Foundation
for Statistical Computing; www.r-project.org). The data was
checked for normality using the Shapiro-Wilk test. Statistical
differences between treatment group and the reference group
(vehicle) were analyzed using a Student's one-sample t-test. An
unpaired Student's two-sample t-test was used for comparison
of treatments. ANOVA followed by Dunn's post hoc test
was used to analyze 2-Cl-IB-MECA at 24 and 48 h and the
reference group (MRS 1220 at 24 h). A one-way ANOVA
test, followed by Dunn's post hoc test was used to analyze the
2-CI-IB-MECA group at 24 and 48 h and the vehicle as the
reference group, for phosphorylated/total protein. In case of
comparison of more than two treatment conditions, ANOVA
followed by Tukey's post hoc test was used. P<0.05 was
considered to indicate a statistically significant difference.

Results

2-CI-IB-MECA shows cytotoxicity for cancer cell lines and
agonistic activity on A;AR. Previous studies have shown both
pro- and antitumor effects of 2-CIl-IB-MECA in vitro and
in vivo at either sub-micromolar or micromolar concentrations
(reviewed in 53). To determine the overall cytotoxic ability
of 2-CI-IB-MECA (Fig. 1A), the effects of 2-CI-IB-MECA
against a panel of tumor and non-tumor cell lines was
performed. Using a MTS assay, the cells were incubated
with 2-CI-IB-MECA for 72 h and the cellular response was
analyzed using different concentrations (0.2-100 #M for the
JoPaca-1 and Hep-3B cell lines and 0.02-50 M for the other
cell lines). Cytotoxicity against 2-Cl-IB-MECA was found in

micromolar concentrations across various tumor cell lines, of
different histogenetic origin, including JoPaca-1 and the most
sensitive cell line, Hep-3B, with their respective ICs, values
of 25.26x1.6 and 10.68+1.1 uM (Table I). Furthermore, the
non-tumor fibroblast cell lines, MRC-5 and BJ cells remained
metabolically active despite increasing 2-Cl-IB-MECA
concentrations, with ICs, values >50 yM.

Next, the compounds, 2-CI-IB-MECA and MRS 1220 were
both analyzed on reporter cell lines expressing A;AR. The
functional assay revealed A;AR activation by 2-CI-IB-MECA
(ECsp, 32.28+11.2 nM), and its inhibition by MRS 1220 (ICs,,
1.41+£0.9 nM) at nanomolar concentrations (Fig. 1B).

To identify whether any possible effects could be A;AR
related, western blot analysis was performed to analyze A;AR
protein expression (Fig. 1C). By contrast to the non-tumor
MRC-5 fibroblasts, the results showed the presence of A;AR
in both the JoPaca-1 and Hep-3B tumor cell lines analyzed.

To address the nature of the effects of 2-CIl-IB-MECA on
human pancreatic cancer and HCC cells more precisely, the
JoPaca-1 and Hep-3B cell lines were treated with increasing
concentrations of 2-Cl-IB-MECA and MRS 1220 alone,
and in combination for 72 h. MRS 1220 is a specific A;AR
antagonist (54,55) and MRS 1220 intrinsic cytotoxicity as
well as its ability to counteract the effect of the A;AR agonist
2-CI-IB-MECA was analyzed in the cancer cells. Notably,
pre-treatment of the cells with 0.1 uM MRS 1220 led to
significantly decreased 2-CI-IB-MECA cytotoxicity in both
cell lines. MRS 1220 alone at sub-micromolar concentrations
were not cytotoxic for either cell line (Fig. 1D and E). Taken
together, 2-CIl-IB-MECA inhibited the proliferation of the
cancer cell lines, including JoPaca-1 and HEP-3B cancer cells
at micromolar concentrations and its effect in the JoPaca-1
and HEP-3B cell lines was reduced by MRS 1220. Therefore,
20 nM (the A;AR-activating concentration) and 20 uM (consid-
erable cytotoxicity-inducing concentration) of 2-CI-IB-MECA
was used for further experiments.

2-Cl-IB-MECA downregulates cell cycle progression by
increasing the number of cells in the G, phase and induces
cell death. Previous studies showed that the N6-adenosine
analogue 2-CI-IB-MECA reduces the cell cycle in other cancer
cell types, such as NPA thyroid carcinoma and A375 mela-
noma cells (12,56). Flow cytometry analysis was performed to
analyze cell cycle progression, including the subG, population,
histone H3 phosphorylation, and changes in RNA and DNA
synthesis, to further assess a possible anticancer mechanism
of 2-CI-IB-MECA. Based on the cytotoxicity experiments, the
JoPaca-1 and Hep-3B cell lines were each treated with either
vehicle, 20 nM or 20 uM of 2-CI-IB-MECA for 24 h. In DNA
and RNA synthesis experiments, the cells were pre-treated
with 0.1 uM MRS 1220 for 30 min prior to the addition of
2-CI-IB-MECA.

Only 20 uM 2-CI-IB-MECA affected the cell cycle,
showing an increase in the number of cells in the G, phase. In
addition, there was a simultaneous increase in the subG, popu-
lation, representing cells undergoing apoptosis (Fig. 2A-C).
The Hep-3B cell line was more responsive compared with
that in the JoPaca-1 cell line (Fig. 2B). In concordance with
the block at the G, transition point, there was a reduction in
the number of cells in S phase. Indeed, the reduction in the
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Figure 1. 2-CI-IB-MECA demonstrates A;AR agonistic activity and cytotoxic effects on cancer cells. (A) Structure of 2-CI-IB-MECA. (B) Functional assay
was performed with the reporter cell line stably expressing A;AR. The cells were treated with the indicated concentrations of 2-Cl-IB-MECA or MRS 1220,
and the relative luminescence response for each independent experiment was normalized to the maximal response of a reference agonist NECA. EC, and ICs,
values were calculated. n=4. (C) Comparison of A;AR expression in the tested cell lines was analyzed using western blot. A;AR relative signal intensities were
calculated using densitometry. n=3. Cytotoxicity of 2-CI-IB-MECA and MRS 1220 alone, and in combination in the (D) JoPaca-1 and (E) Hep-3B cancer cell
lines were analyzed using a MTS assay after 72 h. The cells were treated at the indicated concentrations of 2-CI-IB-MECA, MRS 1220 or 2-CI-IB-MECA
after 30-min pre-treatment with 0.1 M MRS 1220. The values are expressed as the percentage of inhibition (left) and cytotoxicity ICs, (right). n=3. The data
are represented as the mean + SD. The results were analyzed using a Student's two-tailed t-test. “P<0.05, “P<0.01, ““P<0.005, “P<0.001 for 2-CI-IB-MECA
vs. 2-CI-IB-MECA + MRS 1220. 2-CI-IB-MECA, 2-chloro-N6-(3-iodobenzyl)-5'-N-methylcarboxamidoadenosine; MRS 1220, N-[9-Chloro-2-(2-furanyl)

(1,2 4)-triazolo(1,5-c)quinazolin-5-yl]benzene acetamide.

number of cells in the S phase was further accentuated by
the drop in the cell population actively incorporating BrdU
and BrU, indicating an inhibition of DNA (Fig. 2E), and
RNA synthesis (Fig. 2F), respectively. Notably, pre-treatment

with 0.1 M MRS 1220 significantly reversed the effects of
2-CI-IB-MECA on BrdU (in the JoPaca-1 cell line at 20 nM
and 20 uM of 2-Cl-IB-MECA) and BrU incorporation (in the
Hep-3B cell line at 20 nM and 20 uM of 2-CI-IB-MECA).
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Table I. Cytotoxicity of 2-CI-IB-MECA in tumor and non-tumor
cell lines.

Cell line ICsy, uM SD
A549 4551 5.73
BT-549 12.48 0.67
CCRF-CEM 21.39 1.05
CEM-DNR 26.72 535
HCT116 33.73 3.07
HCT116 p53™" 31.50 3.27
Hep-3B 10.68 1.14
JoPaca-1 25.26 1.57
K562 24.85 3.28
K562-TAX 29.23 2.78
MDA-MB-231 23.89 4.14
U20S 42.78 7.69
BJ? >50 -
MRC-5* >50 -

*Non-tumor cell line. 2-CIl-IB-MECA, 2-chloro-N6-(3-iodobenzyl)-5'-
N-methylcarboxamidoadenosine.

There was also decrease in RNA synthesis in the JoPaca-1 cell
line following treatment with 0.1 uM MRS 1220, suggesting a
possible intrinsic effect of MRS 1220 alone.

With respect to the JoPaca-1 cell line, the minor changes
in the number of cells in the G,/M phase were mirrored by the
decrease in the mitosis marker histone H3 phosphorylated at
Ser' (Fig. 2D).

2-CIl-IB-MECA regulates the proliferation signaling path-
ways. To further understand the mechanism of 2-CI-IB-MECA
in the pancreatic and HCC cell lines, the protein expression
level of three essential pathways, previously indicated to be
affected, either directly or indirectly, by AdoRs and their
modulators (57), was analyzed. The JoPaca-1 and Hep-3B cell
lines were treated with vehicle or 20 uM 2-CI-IB-MECA for
24 and 48 h. The cells were pre-treated with 0.1 xuM MRS
1220 for 30 min prior to the addition of 2-CI-IB-MECA, to
confirm whether the effects were A;AR mediated.

First, A;AR protein expression level was analyzed after 24
and 48 h of 2-CIl-IB-MECA treatment. There was a decrease
in A;AR protein expression level in the Hep-3B cell line,
while there were no changes in the JoPaca-1 cell line (Fig. 3).
Then, the expression level of proteins in the PI3K/AKT/NF-«xB
pathway were analyzed (53). It was found in both cell lines
that the proliferation-related proteins, AKT and NF-«B,
were phosphorylated, at Ser*”® and Ser>®, respectively, in
a time-dependent manner, after 2-CIl-IB-MECA treatment
alone. Surprisingly, AKT kinase was dephosphorylated at
Thr*® following 2-CI-IB-MECA treatment for 24 and 48 h
in the JoPaca-1 cell line, and after 48 h in the Hep-3B cell.
line. Furthermore, the results demonstrated that MRS 1220
pre-treatment did not prevent 2-CI-IB-MECA from most of its
effects at 24 and 48 h, with the exception of AKT at Thr**®
and pNF-«B at Ser*® (Fig. 3). Notably, there were differences

between the JoPaca-1 and Hep-3B cell lines in the expression
and phosphorylation of ERK1/2. The Hep-3B cell line showed
a decrease in the expression level of ERK1/2 and pERK1/2
following treatment for 48 h with 2-CI-IB-MECA and in combi-
nation with MRS 1220; however, total and phosphorylated
ERK1/2 protein expression level in the JoPaca-1 cell line was
increased in the same experimental groups in a time-dependent
manner.

Another signaling pathway that has been associated with
several types of cancer, including pancreatic and HCC, is
the Wnt/B-catenin pathway (58,59). Therefore, the effects of
2-Cl-IB-MECA on the protein expression level of [3-catenin
and GSK-3p kinase, two main molecules in the Wnt signaling
pathway were analyzed (Fig. 4). The (-catenin protein
expression levels were decreased in both cell lines following
2-Cl-IB-MECA treatment for 24 and 48 h. Surprisingly,
GSK-3p kinase expression did not change distinctly in either
cell line within the same experimental group as -catenin. In
addition, its phosphorylated form, pGSK-3f, remained unal-
tered in the JoPaca-1 cell line, but was increased in the Hep-3B
cell line after 2-CIl-IB-MECA treatment at 48 h, suggesting
that kinase inactivation only occurs in the Hep-3B cell line.
Notably, these effects on the components of the Wnt/f-catenin
signaling pathway were partially abrogated by the A ;AR
antagonist, MRS 1220.

The Shh/Ptch/Gli axis was identified as another relevant
pathway for bypassing cell death for malignant pancreatic and
liver cells (59-61). The essential component of the Shh pathway,
the Glil transcription factor, further regulates the expression
level of cyclin D1, c-Myc, and Ptchl receptor, another key
molecule of the Shh pathway. In the JoPaca-1 and Hep-3B cell
lines, 2-Cl-IB-MECA-mediated the decrease in the protein
expression level of both Glil and Ptchl in a time-dependent
manner. Furthermore, the protein expression level of cyclin D1
and c-Myc, together with the c-Myc phosphorylated forms, was
reduced following treatment with 2-CI-IB-MECA alone for 24
and 48 h. These effects were, however, partially reversed by
MRS 1220 (Fig. 4).

Furthermore, B-catenin transcriptional activity upon
2-Cl-IB-MECA treatment was analyzed using a reporter
system at various time points (Fig. 5). f-catenin can bind
to the TCF/LEF transcription factor, triggering subsequent
transcriptional activity of Wnt/p-catenin pathway target
genes, e.g. c-Myc and cyclin D1 (62,63). Therefore, three
reporter systems were designed to assess the transcriptional
activity of: The WT Wnt/B-catenin pathway (B-catenin™T); a
[-catenin mutation that prevents its proteasomal degradation
(B-catenin™"); and a loss of function of the APC gene, which
is critical for binding B-catenin in a complex with AXIN and,
thus, regulates [3-catenin availability for transcription (APC™").
The B-catenin™T (Fig. 5A), B-catenin™ and APC™ (Fig. 5B)
reporter cell lines were treated with either vehicle, 50 yM
2-Cl-IB-MECA or 0.1 uM MRS 1220 for 30 min followed
by 50 uM 2-CI-IB-MECA. MTS assays were performed in
parallel for 24 and 48 h to distinguish any decline in reporter
activities from simple cytotoxic effects. The results indicated
early inhibition of -catenin transcription. WT transcriptional
activity was inhibited by 75% after 6 h (Fig. 5A). Furthermore,
2-CI-IB-MECA was more effective in the mutated reporter
systems, where 2-Cl-IB-MECA completely abrogated
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Figure 2. 2-CIl-IB-MECA treatment leads to the alteration of cell cycle progression in the JoPaca-1 and Hep-3B cell lines. Cell cycle analysis of (A) JoPaca-1
and (B) Hep-3B cell lines following 2-CIl-IB-MECA treatment. The cells were treated with vehicle (DMSO) or the indicated concentrations of 2-Cl-IB-MECA
(20 nM or 20 uM) for 24 h. Cell cycle phase distribution (G/G,, Ist red peak; S, stripes; G,/M 2nd red peak) was quantified as RFU. (C) quantification of
subG; cells and (D) cell population positive for pH3 at Ser'® were analyzed separately. n=3. All data are expressed as a percentage of the whole. (E) BrdU and
(F) BrU incorporation representing the percentage of the cells actively synthesizing DNA and RNA for JoPaca-1 (left) and Hep-3B (right) cell lines, treated
with vehicle (DMSO), 2-CI-IB-MECA (20 nM and 20 M), or 30 min pre-treatment with 0.1 xM MRS 1220 followed by 2-CI-IB-MECA (20 nM and 20 yM),
respectively. n=3. Data was analyzed using one-way ANOVA with Tukey's post hoc multiple comparison test. All the data are represented as the mean + SD.
“P<0.05, “"P<0.005, “P<0.001 vs. vehicle, 2-Cl-IB-MECA vs. 2-CI-IB-MECA + MRS 1220. RFU, relative fluorescence units; pH3, phosphorylated histone H3;
BrdU, 5-Bromo-2'-deoxyuridine; BrU, 5-Bromouridine; 2-CI-IB-MECA, 2-chloro-N6-(3-iodobenzyl)-5'-N-methylcarboxamidoadenosine; MRS 1220, N-[9-
Chloro-2-(2-furanyl)(1,2,4)-triazolo(1,5-c)quinazolin-5-yl]benzene acetamide.

[-catenin transcription within 12 h (Fig. 5B). This early decline  proliferation and the degree of MRS 1220 antagonism against
in transcriptional activity was not primarily caused by inhibited =~ 2-CIl-IB-MECA was insignificant in this case.
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Figure 3. 2-CI-IB-MECA regulates key components of the PI3K/AKT/NF-«xB proliferation signaling pathway in the JoPaca-1 and Hep-3B cell lines.
(A) Western blot analysis of the PI3K/AKT/NF-kB pathway-related proteins in the JoPaca-1 (left) and Hep-3B (right) cells treated either with vehicle (DMSO),
0.1 uM MRS 1220 for 24 h, 2-CI-IB-MECA (20 yM) for 24 and 48 h, or 30 min MRS 1220 (0.1 M) pre-treatment and 2-CI-IB-MECA (20 xM) for 24
and 48 h. Representative blots from 3 replicates is shown. (B) Quantitative analysis of protein expression level. Protein relative intensities were calculated
using densitometry analysis and expressed as fold change relative to vehicle. The data are presented as the mean + SD. n=3. The data were analyzed using
Student's one-sample t-test (treatment vs. vehicle), two-sample t-test and one-way ANOVA with Dunn's test (2-Cl-IB-MECA vs. 2-CI-IB-MECA + MRS 1220).
(C) Ratio of phosphorylated vs. total protein for JoPaca-1 (left) and Hep-3B (right) cell lines. Statistical significance was analyzed with one-way ANOVA with
Dunn's test. Symbols indicate vehicle vs. 2-CI-IB-MECA and vehicle vs. 2-CI-IB-MECA + MRS 1220. "P<0.05, “P<0.01, ““P<0.005. A;AR, A, adenosine
receptor; p, phosphorylated; 2-CI-IB-MECA, 2-chloro-N6-(3-iodobenzyl)-5'-N-methylcarboxamidoadenosine; MRS 1220, N-[9-Chloro-2-(2-furanyl)
(1,2 4)-triazolo(1,5-c)quinazolin-5-yl]benzene acetamide.
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Figure 4. 2-Cl-IB-MECA regulates key components of the Wnt/B-catenin and Shh/Ptch/Gli proliferation signaling pathways in the JoPaca-1 and Hep-3B
cell lines. (A) Western blot analysis of the Wnt/f-catenin and Shh/Ptch/Gli pathway-related proteins in the JoPaca-1 (left) and Hep-3B (right) cell lines
treated either with vehicle (DMSO), 0.1 uM MRS 1220 for 24 h, 2-CI-IB-MECA (20 ¢M) for 24 and 48 h, or 30 min of MRS 1220 (0.1 #M) pre-treatment
and 2-CI-IB-MECA (20 uM) for 24 and 48 h. Representative image from 3 replicates is shown. (B) Quantitative analysis of protein expression level. Protein
relative intensities were calculated using densitometry and expressed as fold change relative to vehicle. The data are presented as the mean + SD. n=3. The
data was analyzed using Student's one-sample t-test (treatment vs. vehicle), two-sample t-test and one-way ANOVA with Dunn's test (2-CI-IB-MECA vs.
2-CIl-IB-MECA + MRS 1220). (C) Ratio of phosphorylated vs. total protein for the JoPaca-1 (left) and Hep-3B (right) cell lines. Statistical significance was
analyzed with one-way ANOVA with Dunn's test. Symbols indicate vehicle vs. 2-CI-IB-MECA and vehicle vs. 2-CI-IB-MECA + MRS 1220. "P<0.05, “P<0.01,
“"P<0.005. Shh, Sonic Hedgehog; Ptch1, Patched; Gli, glioma-associated oncogene homolog zinc finger protein; GSK-3f, glycogen synthase kinase-3f; p, phos-
phorylated; 2-CIl-IB-MECA, 2-chloro-N6-(3-iodobenzyl)-5'-N-methylcarboxamidoadenosine; MRS 1220, N-[9-Chloro-2-(2-furanyl)(1,2,4)-triazolo(1,5-c)
quinazolin-5-yl]benzene acetamide.
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Figure 5. 2-CI-IB-MECA downregulates 3-catenin transcriptional activity in WT and mutated Wnt/B-catenin reporters. (A) Reporter assay of 3-catenin tran-
scriptional activity in B-catenin¥™ and (B) mutated (B-catenin™* and APC™") reporter system after treatment with vehicle (DMSO), 2-CI-IB-MECA (50 uM),
or 30 min MRS 1220 (0.1 uM) pre-treatment and 2-CI-IB-MECA (50 M) over time. For cytotoxicity comparisons of reporter activities, percentage of
inhibition from a MTS assay, run in parallel, are included. Normalized data are shown as mean + SD. n=3. 2-CI-IB-MECA, 2-chloro-N6-(3-iodobenzyl)-5'-N-
methylcarboxamidoadenosine; MRS 1220, N-[9-Chloro-2-(2-furanyl)(1,2 4)-triazolo(1,5-c)quinazolin-5-yl]benzene acetamide; WT, wild-type; mut, mutated.

2-CIl-IB-MECA reduces xenobiotic transporter MRPI and
P-gp protein expression and P-gp function. Multidrug
resistance (MDR) can seriously hinder anticancer treatment.
Recently, some studies have reported an association between
AdoRs and MDR (37,43). Therefore, MRP1 and P-gp protein
expression level was analyzed in both the pancreatic and HCC
cell lines. In addition to analyzing the protein expression
levels, P-gp activity was also analyzed using a functional test
of K562-TAX overexpressing P-gp protein.

To analyze the protein expression level, the cells were
treated with either vehicle or 20 uM 2-CI-IB-MECA for 24 h.
The results indicated the reduction of MRP1 protein expres-
sion level after treatment with 2-Cl-IB-MECA, with a more
significant effect in the Hep-3B cell line (Fig. 6A and B).
P-gp expression was analyzed using flow cytometry under
the same conditions. Similarly, P-gp overall expression was
significantly attenuated by 20 yM 2-CI-IB-MECA after 24 h
(Fig. 6C and D). Of note, the Hep-3B cell line had higher
endogenous P-gp levels.

Reducing P-gp expression could be a powerful tool against
chemoresistance in cancer cells. Nonetheless, it was also
investigated whether 2-CI-IB-MECA could diminish the P-gp
efflux function to any extent. Chemotherapeutic agent dauno-
rubicin serves as the P-gp substrate and its intracellular uptake
reflects P-gp ability to actively transport this xenobiotic from
the cells (64). Therefore, P-gp functional ability to actively
effuse daunorubicin when treated with 2-CI-IB-MECA was
analyzed. For this purpose, the K562-TAX cell line, with high
P-gp expression, was used (45). The K562-TAX cells were
incubated with 1 M daunorubicin for 1 h prior to treatment
with either vehicle or 2-CI-IB-MECA (0.78-100 uM) for an
additional 1 h. For pre-treatment with MRS 1220, 0.1 uM
MRS 1220 was added 30 min before the 1 h incubation with
2-Cl-IB-MECA. Within 1 h of treatment, 2-CI-IB-MECA,
at high micromolar concentrations was able to increase P-gp
efflux activity (Fig. 6E). This functional interference suggests

that 2-CIl-IB-MECA is a direct substrate of P-gp. Surprisingly,
the negative effects of 2-CIl-IB-MECA on P-gp function were
partially abolished by A;AR antagonist MRS 1220.

2-CIl-IB-MECA enhances anticancer effects of clinically
relevant drugs. The aforementioned results showed that
2-CI-IB-MECA mediated the inhibition of key components
of the Wnt/B-catenin and Shh/Ptch/Gli pathways, together
with disruption of the xenobiotic efflux system. These are
two interlinked mechanisms in which cancer cells can resist
pharmacotherapy (60,61,65). Therefore, we hypothesized the
beneficial effects of 2-Cl-IB-MECA could be part of acombined
cancer treatment. First, cellular proliferation after treatment
was normalized to vehicle as FA, then the derived analysis
of the combination effect of two compounds was calculated.
The resulting CI values for respective concentration ratios are
shown in Fig. 7. The outcomes of treatment combinations were
analyzed: 2-CIl-IB-MECA (1.56-50 uM for the JoPaca-1 cell
line and 0.78-25 uM for the Hep-3B cell line) and each of the
following four current conventional chemotherapeutic agents:
5-FU (0.78-200 yM), carboplatin (0.78-200 xM), doxorubicin
(0.1-25 uM) and gemcitabine (0.2-50 xM).

The JoPaca-1 and Hep-3B cell lines were treated with
each compound alone and in either a concurrent or sequential
combination comprising 2-CIl-IB-MECA and one of the four
chemotherapeutics for 72 h. For sequential combinations,
2-CI-IB-MECA was added to the cells first, followed 16 h
later by one of the chemotherapeutics, or vice versa. Possible
synergistic or additive effects of 2-CIl-IB-MECA on cancer
cell sensitivity to the aforementioned drugs were analyzed
using a MTS assay. Endpoint analysis of cytotoxicity was
performed 72 h after concurrent or sequential treatment and
the CI was calculated. The degree of synergism, additive effect
or antagonism was evaluated based on the CI method (48) and
color coded (green indicates the highest synergy, while pink
indicates no synergy).
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Figure 6. 2-CI-IB-MECA deregulates multidrug resistance proteins, MRP1 and P-gp protein expression level and P-gp function. (A) Western blot analysis of
MRP]1 protein expression levels in the JoPaca-1 and Hep-3B cells treated either with vehicle (DMSO) or 2-Cl-IB-MECA (20 uM) for 24 h. (B) Densitometry
analysis from western blot analysis. n=3. The data was analyzed using a Student's one-sample t-test, and one representative image is shown. "P<0.05, “P<0.001
vs. vehicle. Flow cytometry analysis of P-gp total protein expression after vehicle (DMSO) or 2-CIl-IB-MECA (20 #M) treatment for 24 h in the (C) JoPaca-1
and (D) Hep-3B cells. The data was analyzed using a Student's two-sample t-test, and one representative histogram with overlays of isotype controls and treat-
ment is shown. P<0.001 vs. vehicle. (E) Quantification of P-gp efflux function after treatment with vehicle, different concentrations of 2-CI-IB-MECA for 1 h
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ro-N6-(3-iodobenzyl)-5'-N-methylcarboxamidoadenosine; MRS 1220, N-[9-Chloro-2-(2-furanyl)(1,2,4)-triazolo(1,5-c)quinazolin-5-yl]benzene acetamide.

In the JoPaca-1 cell line, synergistic effects for
2-CI-IB-MECA concurrent combinations with carboplatin,
doxorubicin and 5-FU were found at several concentration
ratios (green color). For gemcitabine, synergy was found
only if cells were concurrently treated with 2-CI-IB-MECA
at concentrations =ICs, (Fig. 7A). The Hep-3B cell line was

more sensitive to 2-CI-IB-MECA alone; therefore, the highest
concentration of 2-CI-IB-MECA was 25 uM (Fig. 7B). Similar
to the JoPaca-1 cell line, synergy was found in the Hep-3B cell
line treated with multiple, independent, concomitant combina-
tions of 2-Cl-IB-MECA with either carboplatin or doxorubicin,
whereas 5-FU and gemcitabine showed synergistic effects
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Figure 7. 2-CI-IB-MECA mediates the enhancement of cytotoxicity of conventional chemotherapeutic agents in the JoPaca-1 and Hep-3B cell lines. (A) JoPaca-1
and (B) Hep-3B cells were treated with each of the following chemotherapeutic agents alone and in concurrent combination with 2-CIl-IB-MECA (1.56-50 uM
for the JoPaca-1 cell line; 0.78-25 uM for the Hep-3B cell line) for 72 h: 5-FU (0.78-200 uM), CarbPT (0.78-200 uM), Doxo (0.1-25 uM) and Gemc (0.2-50 uM).
Cytotoxicity was analyzed using a MTS assay, followed by ICs, and CI calculations based on the Chou-Talalay method and using the CalcuSyn software. The
cytotoxic ICy, results for each compound alone are expressed as the mean + SD. (n=3). The results for combination treatments are represented as mean CI
(n=3) and are color coded (green indicates high synergy and pink indicates no synergy). 5-FU, fluorouracil; CarbPT, carboplatin; Doxo, doxorubicin; Gemc,
gemcitabine; CI, combination index; 2-CIl-IB-MECA, 2-chloro-N6-(3-iodobenzyl)-5'-N-methylcarboxamidoadenosine; MRS 1220, N-[9-Chloro-2-(2-furanyl)
(1,2 4)-triazolo(1,5-c)quinazolin-5-yl]benzene acetamide.
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Figure 8. Schematic summary of the effect of 2-CI-IB-MECA on intracel-
lular signaling pathways. 2-CI-IB-MECA modulates key components of
the PI3K/AKT/NF-«kB, Ras/Raf/MEK1/2/ERK1/2, Wnt/p-catenin, and
Shh/Ptch/Gli signaling pathways together with MRD proteins, MRP1 and
P-gp, leading to inhibition of JoPaca-1 and Hep-3B cancer cell proliferation
and survival. In cooperation with chemotherapeutic agents, carboplatin and
doxorubicin, 2-CI-IB-MECA synergistically enhances their cytotoxicity.
Studied proteins are indicated using solid line frames, while the others are indi-
cated using dashed line frames. Observed effects of 2-CI-IB-MECA treatment
are designated by | (inhibition/downregulation), 1 (activation/upregulation),
< (context-dependent upregulation/downregulation), and * (no changes).
A;AR, A; adenosine receptor; CarbPT, carboplatin; Doxo, doxorubicin; Glil,
Glioma-associated oncogene homolog zinc finger protein 1; GSK-3p, glycogen
synthase kinase 3; MRP1, multidrug-resistance-associated protein 1; P-gp,
P-glycoprotein; Ptchl, Patched 1; Shh, Sonic hedgehog; SMO, Smoothened;
p. phosphorylated; 2-CIl-IB-MECA, 2-chloro-N6-(3-iodobenzyl)-
5'-N-methylcarboxamidoadenosine; MRS 1220, N-[9-Chloro-2-(2-furanyl)
(1,2 ,4)-triazolo(1,5-c)quinazolin-5-yl]benzene acetamide.

exclusively at high 2-Cl-IB-MECA concentrations (~IC;5)
and low 2-CI-IB-MECA concentrations with 5-FU and
gemcitabine at ~ICs,.

Discussion

In the present study, the antitumor mechanism of
2-CI-IB-MECA in the JoPaca-1 and Hep-3B cell lines was
analyzed (Fig. 8). The JoPaca-1 cell line is an established
cellular model for pancreatic carcinoma with high tumorigenic
potential; it shows clonal heterogeneity and aggressiveness,
thus resembling primary tumors (34). To the best of our
knowledge, the present study is the first to characterize the
effect of 2-CIl-IB-MECA in the JoPaca-1 cell line in vitro.
On the contrary, the Hep-3B HCC cell line is a well-defined
tumorigenic cell line that has features of non-differentiated
cells prone to EMT (36).

Initially, a MTS assay was performed using twelve tumor
and two non-tumor cell lines to analyze the general cyto-
toxic effect of 2-CIl-IB-MECA against several tumor types.
2-Cl-IB-MECA was cytotoxic not only for the JoPaca-1 and
Hep-3B cell lines, but also for other types of cancer cells in vitro.

From the results using the JoPaca-1 and Hep-3B cell lines, the
cytotoxicity-inducing concentration of 2-CIl-IB-MECA was
used for further experiments. Most importantly, the detrimental
effects of 2-CI-IB-MECA (Table I; Fig. 1D and E) were selec-
tive for cancer cells. The exact mechanism of 2-CIl-IB-MECA
selectivity toward tumor cells has not yet been revealed;
however, the results are consistent with previous findings from
other tumor models (11), where the overexpression of A;AR
in tumor vs. adjacent tissue was analyzed with respect to the
responsiveness of cells to A;AR-targeted therapy. The results
from the present study showed that A;AR protein expression
level was exclusive to cancer cells (Fig. 1C) and the higher ICy,
values with respect to 2-CI-IB-MECA in combination with
MRS1220 (Fig. 1D and E) also corroborate this possibility.
Next, A;AR functional assay was performed to determine the
activating and inhibiting concentrations of 2-CIl-IB-MECA
and MRS 1220, respectively, for use throughout the study
(Fig. 1B). The results of which are consistent with previous
studies (15,66).

Studies show that 2-CIl-IB-MECA and its predecessor,
IB-MECA disrupt cell cycle progression (56,67). In the present
study, 2-CIl-IB-MECA induced cell cycle arrest in the G,/G,
phase with an associated decrease in the number of cells in the
S phase (Fig. 2A and B) and inhibited DNA, and RNA synthesis
(Fig. 2E and F). Furthermore, inhibition of DNA and RNA
synthesis was previously ascribed to an AdoR-independent
anticancer mechanism in other adenosine analogues, e.g.
clofarabine, fludarabine and 8-Cl-Ado (9). MRS 1220 was
found to significantly reverse 2-Cl-IB-MECA-mediated
inhibition of DNA and RNA synthesis in the present study.
Notably, 20 uM 2-CI-IB-MECA was cytotoxic for at least 50%
of the cell population (Fig. 1D and E); however, the number
of apoptotic cells in the subG, population were inconspicuous
(Fig. 2C), suggesting another more prevalent type of cell death
in this system.

2-CI-IB-MECA has been described as a partially biased
signaling molecule (68). Biased agonism could be particularly
useful for eliciting the sole therapeutic effect while reducing
risks of side effects (29,30). A;AR is known to undergo rapid
desensitization and internalization, and is thereafter degraded
or recycled back to the surface to mediate its signaling (69).
The observed differences in the protein expression levels
of A;AR between the JoPaca-1 and Hep-3B cell line after
2-CI-IB-MECA stimulation might contribute to the engage-
ment of distinct molecular pathways (Fig. 3).

The effects of 2-CI-IB-MECA on three important prolif-
erative pathways, that are often deregulated in cancer, were
investigated to reveal the predominant signaling cascade that
is downregulated by 2-CI-IB-MECA in the JoPaca-1 and
Hep-3B cell line. A;AR is a GPCR interchangeably associated
with G;;, and G, proteins, depending on various factors (10). As
such, A;AR could mediate signaling either via the ay,,, o, or B/y
subunits of the G protein. The B/y G protein subunit activates
the PI3K/AKT pathway which, in turn, leads to the phos-
phorylation of NF-xB at Ser’*®, enhanced nuclear localization,
and transactivation, presumably leading to pro-survival and
inflammatory signals (70). Phosphorylation of AKT at Ser*”
also leads to cross-activation of ERK1/2 signaling. The MAP
kinases ERK1/2 could again be activated via the Ga,, protein
subunit of the GPCR and protein kinase C, if the activation of
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this pathway is a predominant event. Furthermore, the protein
kinase C pathway may also promote NF-xB stimulation (71).
The apparent and surprising activation of AKT kinase
and NF-«B in the present study (Fig. 3) could be possibly
explained by the endoplasmic reticulum (ER) stress response
pathway (72). AKT kinase and NF-«kB could be activated
during the unfolded protein response, an event during which
the ER cannot meet the high protein production demand and
cannot ensure their proper folding (73,74). Phosphorylation of
both residues is important for, but not reciprocally dependent
on, high AKT kinase activity (75). Notably, Vincent et al (76)
showed association between phosphorylation of AKT at Thr*®
and proliferation of human non-small cell lung carcinoma
samples. No association was observed for phosphoryla-
tion at Ser*’®. A decrease in AKT kinase phosphorylation at
Thr*® was found after 2-CI-IB-MECA treatment (Fig. 3),
which aligns with the overall decrease in proliferation in
the JoPaca-1 and Hep-3B cell lines. In addition, a study by
Yung et al (77) demonstrated increased Ser*”® phosphorylation
alongside decreased Thr®® AKT residues that were modulated
by ER stress in choriocarcinoma cells. In addition, previous
descriptions of the ER stress response in tumor cells related to
treatments with adenosine (78) and its analogue AICAR (79)
further supports the notion.

When an agonist binds, A;AR, as a Ga,-coupled receptor,
inhibits adenylyl cyclase activity and, thus, protein kinase A,
which would otherwise block GSK-3f kinase function (80).
If the Ga; subunit was the preferred route, the total GSK-3f3
protein expression level should increase and pGSK-3p (inactive
form) levels should reduce. However, neither GSK-3 protein
accumulation nor pGSK-3p reduction was observed (Fig. 4).
This observation contradicts previous reports of GSK-3f
kinase upregulation or activation by 2-CI-IB-MECA (13,20)
or its predecessor IB-MECA (81). Still, both cell lines showed
decreased -catenin expression after 2-CIl-IB-MECA treatment
(Fig. 4). Furthermore, functional assays revealed for the first
time early blockage of $-catenin binding to the TCF/LEF tran-
scription factor and, hence, the inhibition of its transcriptional
activity in reporter cell lines with 2-CIl-IB-MECA treatment
(Fig. 5). The effects were more evident within reporter systems
representing the defective Wnt/B-catenin pathway (Fig. 5B).
This finding could be particularly useful for HCC, which often
exhibits -catenin mutations (58,82). In addition, MRS 1220
pre-treatment had limited effect on the reporter systems.

The Shh/Ptch/Gli signaling pathway, another evolution-
arily conserved pathway, was also analyzed. Treatment with
2-CI-IB-MECA resulted in decreased expression of both the
transcription factor Glil and the receptor Ptchl (Fig. 4), two
key molecules in the Shh signaling pathway. Notably, cyclin D1
and c-Myc are downstream targets, where several prolif-
eration pathways, including Shh/Ptch/Gli and Wnt/B-catenin,
converge. Among other molecules, activated NF-xB was
previously shown to increase cyclin D1 and c-Myc expres-
sion to stimulate proliferation (83,84). In the present study,
cyclin DI and c-Myc protein expression level, including c-Myc
phosphorylated forms, were significantly downregulated
(Fig. 4) despite AKT and NF-«kB phosphorylation (Fig. 3),
indicating that neither AKT nor NF-«B is a predominant anti-
tumor target for 2-CI-IB-MECA. Instead, B-catenin impaired
transcriptional activity and deregulated protein expression of

Glil/Ptchl are more likely to be the first steps, as the reporter
assay and western blot data suggest. Furthermore, the results
from the present study indicate reduction of the Wnt/p-catenin
pathway upon 2-CIl-IB-MECA treatment, that is independent
of GSK-3p kinase status.

Regulation of upstream molecules (AKT, ERK and
GSK-3p) could be explained by stimulation of A;AR as a
GPCR; however, MRS 1220 only partially reduced the effect
of 2-CI-IB-MECA on the protein expression levels of pAKT
Thr'%®, pNF-xB, pGSK-3p, B-catenin and c-Myc. Modulation
of the expression level of pAKT Ser*”?, pERK1/2 and cyclin D1
was less dependent on MRS 1220 pre-treatment, suggesting
that an A;AR-independent mechanism also plays a role.

An increasing number of studies promote the use of
adenosine analogues against invasive cancer cells with
stem-like or chemoresistant phenotype (55,56,85). So far, only
a few studies suggest any association between 2-Cl-IB-MECA
and MDR-associated transporters (43,86). Therefore, the
potential impact of 2-CI-IB-MECA on MDR proteins, MRP1
and P-gp in the JoPaca-1 and Hep-3B cell lines was investi-
gated. Treatment with 2-CI-IB-MECA revealed decrease
in the protein expression level of both MRP1 and P-gp
(Fig. 6A-D), possibly offering a new tool for reducing chemo-
resistance in cancer cells. Furthermore, for the first time, it was
found that 2-CI-IB-MECA could also block the P-gp efflux
(Fig. 6E). Notably, MRS 1220 was able to partially coun-
teract this effect. The observed changes in MRP1 and P-gp
protein expression levels are consistent with recent findings
associating MRP1 and P-gp transporters, chemoresistance and
the Hh transduction pathway (61,65), and could complement
the downregulation of the Shh/Ptch/Gli axis in the JoPaca-1
and Hep-3B cell lines treated with 2-CIl-IB-MECA. Previous
research has also associated (3-catenin activity with P-gp
expression (87). Collectively, the results from the present study
indicate that 2-CIl-IB-MECA could downregulate MRP1 and
P-gp expression, and P-gp involvement in the transport of
chemotherapeutics, as well as xenobiotics in general via the
recruitment of A;AR.

On the other hand, evidence for the enhancement of
chemotherapeutic effects of clinically relevant drugs, that are
mediated by A;AR agonists, in vitro and in vivo, is sparse.
The use of 2-CI-IB-MECA, together with cyclophosphamide,
inhibited growth of B16-F10 melanoma cells and reduced
the number of metastatic foci in murine lung (40). In addi-
tion, HCT116 colon carcinoma cells, as well as tumor-bearing
mice, were successfully treated with a combination of the
2-Cl-IB-MECA predecessor, IB-MECA, with 5-FU (84).
Soares et al (41,42) showed that 2-CI-IB-MECA potentiated
paclitaxel cytotoxicity in human melanoma cells. Notably,
they did not find 2-Cl-IB-MECA-elicited effects to be associ-
ated with A;AR.

Therefore, possible synergistic/additive effects of
2-Cl-IB-MECA were analyzed when used with the following
therapeutic agents from current anticancer protocols for
HCC and pancreatic cancer: 5-FU, carboplatin, doxorubicin
and gemcitabine. It was confirmed that 2-CIl-IB-MECA also
facilitated the cytotoxic effects of carboplatin and doxorubicin
in the JoPaca-1 (Fig. 7A) and Hep-3B (Fig. 7B) cell lines at
several concentration ratios. By contrast, the combination
of 2-Cl-IB-MECA with either 5-FU or gemcitabine showed
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synergy only if a high concentration of 2-CIl-IB-MECA was
used. Surprisingly, synergistic effects were more profound
in the JoPaca-1 cell line, which are generally more chemo-
resistant (34). Furthermore, the chemosensitizing effects of
2-Cl-IB-MECA were not enhanced with sequential treatment
combinations (data not shown). Studies have shown that
P-gp and MRP1 overexpression accompanies the acquired
chemoresistance of the HCC cell lines, Hep-3B and HepG2
to doxorubicin in vitro. Buschauer et al (88) suggested
that this phenomenon possibly occurs after transarterial
chemoembolization followed by doxorubicin chemotherapy
that targets residual HCC cells. Recently, inhibition of the
P-gp transporter improved doxorubicin anticancer effects
in HCC cells (89). In addition, improved chemosensitivity
to gemcitabine was previously shown in a murine model of
pancreatic ductal adenocarcinoma after co-targeting the Hh
signaling pathway (60). Taken together, the results from the
present study on the chemosensitizing effect of 2-CI-IB-MECA
on cancer cell lines in vitro further support the potential of
2-CI-IB-MECA for combination therapy for pancreatic and
liver cancer.

Whether the effects of the adenosine analogue
2-CI-IB-MECA are mediated by A;AR is an unrelenting
question. The dependency of 2-CIl-IB-MECA on the A;AR
receptor was analyzed for its cytotoxic effect by first showing
that the JoPaca-1 and Hep-3B cells expressed A;AR. In the
present study, the Aj-specific antagonist, MRS 1220 was
used as a pharmacological tool for successful blocking
of the receptor function and established the antagonist
concentration that reliably blocked A;AR activity while
remaining non-toxic for the cells (0.1 pM). Indeed, MRS
1220 reduced 2-Cl-IB-MECA cytotoxicity towards cancer
cell lines. However, there is always a possibility of off-target
effects of a pharmacological inhibitor and further analyses
are warranted. Notably, the responsiveness of a biological
model to A;AR pharmacological treatments depends on
the specific equilibrium between receptor, ligand (agonist)
and any other modulator (antagonist) competing for the
binding site, especially in an artificial system (90,91). This
phenomenon could explain the results from some studies
demonstrating A;AR-dependent (13,56) and -independent
effects (92,93), as well as some studies supporting the effects
of 0.1 uM MRS 1220 (54,55). Nonetheless, the cacophony of
findings regarding MRS 1220 does not reduce the potential
of 2-Cl-IB-MECA or novel derivatives arising from the
adenosine structure. Furthermore, co-existing mechanisms
that are dependent and independent of the adenosine receptor
were described for other adenosine analogues (9,81,94).

Collectively, the results from the present study provides
further insights into 2-CI-IB-MECA decreased proliferation of
the HCC and pancreatic cancer cells (Fig. 8). 2-CI-IB-MECA
negatively regulated the Wnt/B-catenin and Shh/Ptch/Gli
pathways, and for the first time, it was shown that [3-catenin
transcriptional activity was reduced. The results from the
present study also highlight the effect of 2-CI-IB-MECA on
MRP1 and P-gp transporters, and its potential for combination
treatment with chemotherapeutic agents. Nonetheless, there
are limitations of in vitro studies utilizing pharmacological
tools and these finding should be further verified in knock-out
models or animal studies.
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