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Abstract

The incidence of differentiated thyroid cancer has been increasing. Nevertheless, its molecular mechanisms are not well
understood. In recent years, extracellular nucleotides and nucleosides have emerged as important modulators of tumor
microenvironment. Extracellular ATP is mainly hydrolyzed by NTPDasel/CD39 and NTPDase2/CD39L1, generating
AMP, which is hydrolyzed by ecto-5"-nucleotidase (CD73) to adenosine, a possible promoter of tumor growth and
metastasis. There are no studies evaluating the expression and functionality of these ectonucleotidases on normal or
tumor-derived thyroid cells. Thus, we investigated the ability of thyroid cancer cells to hydrolyze extracellular ATP
generating adenosine, and the expression of ecto-enzymes, as compared to normal cells. We found that normal thyroid
derived cells presented a higher ability to hydrolyze ATP and higher mRNA levels for ENTDP[-2, when compared to
papillary thyroid carcinoma (PTC) derived cells, which had a higher ability to hydrolyze AMP and expressed CD73
mRNA and protein at higher levels. In addition, adenosine induced an increase in proliferation and migration in PTC
derived cells, whose effect was blocked by APCP, a non-hydrolysable ADP analogue, which is an inhibitor of CD73.
Taken together, these results showed that thyroid follicular cells have a functional purinergic signaling. The higher
expression of CD73 in PTC derived cells might favor the accumulation of extracellular adenosine in the tumor microen-
vironment, which could promote tumor progression. Therefore, as already shown for other tumors, the purinergic signaling
should be considered a potential target for thyroid cancer management and treatment.
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Introduction well understood. In recent years, research focused on the niche
within tumors microenvironment, in an attempt to make pos-
sible target-directed therapeutic approaches [2], and extracel-
lular nucleotides (e.g. ATP) and nucleosides (e.g. adenosine)
have emerged as important modulators of tumor microenvi-
ronment [3—8]. The signaling events induced by these mole-

cules are controlled by ectonucleotidases, a group of
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ectoenzymes which regulate the metabolism of ubiquitous
nucleosides and nucleotides in extracellular space. Their con-
centrations are low in physiological conditions, when com-
pared to tumor microenvironment, where they might contrib-
ute to tumor development and progression [9].

The major members of ectonucleotidases are
ectonucleoside triphosphate diphosphohydrolase (NTPDase;
E.C.3.6.1.5) and ecto-5'-nucleotidase (¢e’NT/CD73;
E.C.3.1.3.5) [10]. The molecular characterization and distri-
bution of eight different NTPDases have already been de-
scribed: NTPDasel, 2, 3 and 8 are cell surface-located en-
zymes with an extracellular facing catalytic site, while
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NTPDase4, 5, 6 and 7 are intracellular and only NTPDase5
and 6 have been shown to be secreted after expression.
Extracellular ATP is hydrolyzed by NTPDasel-3 and 8 and
the resulting AMP is hydrolyzed to adenosine by ecto-5"-nu-
cleotidase (CD73). There are no studies evaluating
ectonucleotidase activities or gene expression on thyroid cells,
although CD73 expression and activity has shown to be up-
regulated in thyroid tissues with PTC [11].

In this study, we analyzed the ATP, ADP and AMP catab-
olism on the surface of thyroid cell lines, as well as, the
ectonucleotidase gene expression in cells derived from normal
thyroid and PTC. Based on the different, but complementary
ectoenzyme status of normal and tumor thyroid cells, we
showed that upregulation of CD73 can contribute to the accu-
mulation of adenosine, which can be one of the molecular
mechanisms involved in the regulation of thyroid cancer cells.

Material and Methods
Ethics Statement

This project was submitted and approved by the Research
Ethics Committee of the Hospital de Clinicas de Porto
Alegre, Porto Alegre, RS, Brazil (Number 15-0950).

Chemicals

The following chemicals were obtained commercially in ana-
lytical grade: cell culture supplies, nucleotides/nucleoside
(ATP, ADP, AMP and adenosine), potassium dihydrogen
phosphate (KH,PO,) (Sigma-Aldrich, St. Louis, MO, USA),
tetrabutylammoniumchloride (C;sH;¢CIN) (Sigma-Aldrich,
Steinheim, Switzerland), HPLC grade methanol (Panreac
ITW Companies, Barcelona, Spain). All solutions were fil-
tered through a 0.22 um pore membrane (Millipore,
Bedford, USA) before HPLC analysis.

Thyroid Cell Cultures

Human thyroid cell lines Nthy-1, TPC-1 [12] and K1 [13]
derived, respectively, from normal thyroid, papillary thyroid
carcinoma (PTC), and from metastasis of a well-differentiated
PTC, were grown in DMEM containing 5% fetal bovine se-
rum (FBS), and 50 mg/mL ampicillin/streptomycin in a 5%
CO, atmosphere. PCCL-3 [14] and FRTL-5 cell lines [15],
which were derived from rat normal thyroid, were cultured
in Ham’s F-12 Coon’s modification medium supplemented
with 10% FBS, 10 pg/mL insulin, 5 pg/mL transferrin,
I mU/mL TSH, 100 U/mL kanamycin at 37 °C with 5%
CO,. TPC-1 and K1 cell lines were kindly supplied by Dr.
Ana Luiza Silva Maia (Federal University of Rio Grande do
Sul, Porto Alegre, RS, Brazil), and Nthy-1, PCCL3 and
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FRTL-5 cell lines were kindly supplied by Dr. Denise Pires
de Carvalho (Federal University of Rio de Janeiro, Rio de
Janeiro, RJ, Brazil).

RNA Isolation, cDNA Synthesis and qPCR

Cellular total RNA was extracted with Trizol® Reagent
(Macherey Nagel, Diiren, Germany) and reverse transcribed
with the SuperScript® III First-Strand Synthesis System
(Invitrogen, Carlsbad, CA). mRNA was detected by real-
time quantitative PCR using Fast SYBRGreen Master Mix
(Applied Biosystems, Foster City, CA, USA) for human gene
were described previously by our group [16] and for RT-qPCR
analyses of rat genes were described in Table 1.
Ectonucleotidase mRNA levels were calculated with the stan-
dard curve method using a serial five-fold dilution of samples
and ACTB mRNA levels were used as control.

Ectonucleotidase Assays

Ectonucleotidase enzymatic activities of thyroid cells were
evaluated using ATP and AMP as substrates, as described
previously [5]. Briefly, 5 x 10* cells/well were seeded in 24
multi-well plates and cultivated until reaching 90-95% con-
fluence. ATPase and ADPase activities were measured by
adding 1 mM ATP or ADP to the reaction medium (2 mM
CaCl,, 120 mM NaCl, 5 mM KCI, 10 mM glucose, 20 mM
Hepes — pH 7.4) at 37°Cfor 10, 20, 30 or 60 min. For AMP
hydrolysis, the same incubation conditions were used,
substituting CaCl,by 2 mM MgCl, in the reaction medium.
A chemical competitive inhibitor of CD73, a non-
hydrolysable ADP analog, adenosine 5'-(c,[3-methylene) di-
phosphate (APCP), was used to confirm AMP hydrolysis via
CD73: cells were preincubated with 10 uM APCP for 15 min,
1 mM AMP was added to the reaction medium containing
APCP, for 10, 20, 30 or 60 min. The reaction was stopped
by removing an aliquot of the incubation medium, which was
transferred to a pre-chilled tube containing 5% w/v trichloro-
acetic acid. The release of inorganic phosphate (Pi) was mea-
sured by the Malachite Green method [13] using KH,PO, as a
Pi standard. Specific activity was expressed as nmol of Pi
released per min per mg of protein. Protein concentration of
samples was measured by the Bradford protein assay [14].

Chromatographic Separation and Analysis
of Extracellular ATP Metabolism

FRTL-5, TPC-1 and Nthy-1 cells were seeded in 24 multi-well
plates (5 x 10* cells/well) and confluent cells were exposed to
100 uM ATP or 100 uM AMP, after preincubation with
10 uM APCP or not, as described above. After 0, 10, 20,
30, 60, 90 and 120 min, there actions were stopped by remov-
ing an aliquot of the incubation media and transferring it to
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Table 1 Primer sequences used

for gene amplification of rat Gene Primer sequence Product length (bp)
thyroid cell lines
Entpdl Forward: 5’-CTGCCCTTACTCCCAGTGTG-3’ 124
Reverse: 5’-GACACTGTCGTTCGCCATCT-3’
Entpd2 Forward: 5-TCTGCTACTTTGCGTCCCTAC-3’ 131
Reverse: 5>-TGTCATTCTCCTTGTCCGCTG-3’
Entpd3 Forward: 5-GGAGTGGTCAGCCAAACCTT-3’ 140
Reverse: 5’-TCGTGGAGATGCTTTGGGAC-3’
Entpd5 Forward: 5-TGCCGGCACCTTTTATGGAA-3’ 141
Reverse: 5>-GAAAGTCCCGGCTTCACAGA-3’
Entpd6 Forward: 5-CACCTTGACCCACGAAACCT-3’ 120
Reverse: 5’-GGAATGTGTTGCTTGGCGAC-3’
Reverse: 5’-CCCAATCCAAGCGACACGAT-3’
NtSe Forward: 5’-TTTGGATGCTGGCGATCAGT-3’ 147
Reverse: 5’-TCAATCAGTCCTTCCACACCG-3’
Actb Forward: 5-CAGGATGCAGAAGGAGATTAC-3’ 115

Reverse: 5’-CAGTGAGGCCAGGATAGA-3’

pre-chilled tubes. Samples were centrifuged at 12,000 g for
15 min and stored at —80 °C until analysis. HPLC system used
was a Shimadzu Prominence (Shimadzu, Kyoto, Japan)
equipped with degasser DGU-20AS, quaternary gradient sol-
vent delivery unit LC-20AT, autosampler SIL-20A, column
oven CTO-20A and diode array detector SPD-M20A.The
nucleotide/nucleoside separation was performed on a
Shimadzu column Shim-pack CLC (M) C18 (150 x 4.6 mm x
5 um) attached to a guard column Shimadzu Shim-pack
GVP-ODS (4.6 x10 mm). The flow rate was
1.200 mL.min"" and 10 pL of sample was injected onto the
column, held at 32 °C. Data were acquired and processed
using the LC Solution Software (Shimadzu). The mobile
phase was constituted by solvent A, a buffer solution prepared
solvent B, with 60 mM KH2P04, 5.0 mM C16H36C1N, 30%
methanol (pH 5.9). A linear gradient program was setup with
0-25 min 100% A, 25-26 min 100% B and 2645 min 100%
A. The analyte was detected at 254 nm and compared with the
nucleotide/nucleoside standard solutions concentration of
100 uM. Data were expressed as M.

Western Blot Analysis

Protein was extracted from Nthy-1 and TPC-1 cells line.
Thyroid cells were homogenized in RIPA buffer containing
20 mM (pH 8.0) Tris-HCl, 150 mM NaCl, 5 mM EDTA, 10%
glycerol, plus 1ug/ml aprotinin, 1pg/ml leupeptin, and
0.1 mM phenylmethylsulfony! fluoride (PMSF). Lysates were
centrifuged at 12.000 x g for 30 min at 4 °C, and supernatants
were used for the assays. Protein content was measured by the
Bradford method and 33 micrograms of protein were separat-
ed in a 12% SDS-polyacrylamide gel with a standard molec-
ular weight marker (Spectra™ Multicolor Broad, Thermo
Fisher Scientific Inc., Rockford, IL, USA). Proteins were

transferred to Immobilon-P polyvinylidene difluoride
(0.45 um PVDF) blotting membrane with a semi-dry transfer
cell (Bio-Rad Trans-Blot® SD, Hercules, CA, USA).
Afterwards, membranes were blocked by incubation with
Tris-buffered saline containing 0.1% Tween 20 and 3% BSA
for 2 h at room temperature and then incubated overnight at
+4 °C with rabbit monoclonal anti-human CD73 antibody
(dilution 1:1000; D7F9A - Cell Signaling, Massachusetts,
USA). Primary antibodies were detected by secondary anti-
body (1:2000, for 2 h) followed by ECL and X-ray film ex-
position (Kodak-Xmat).

Cell Proliferation Assays

The cell proliferation assays were conducted by cell counting
in a hemocytometer and quantification of KI-67 expression.
TPC-1 cells were seeded at 1.0 x 10 cells per well in 24-well
plates in DMEM/ 5% SBF for 24 h. Then, cells were deprived
of SBF for 24 h and treated with DMEM/5%SBF, or
DMEM/5%SBF plus100uM ATP or 100 uM ADP or
100 uM AMP or 100 uM AMP + 10 uM APCP or 100 uM
ADO. After 24 and 48 h, the medium was removed, cells were
washed with 1X PBS, digested with 0.25% Trypsin-EDTA
and counted in a hemocytometer.

Also, total RNA was extracted 24 h or 48 h after these
treatment as described above and the relative quantification
of KI-67 expression was calculated using the delta—delta CT
method.

Migration Assay

For the wound-healing migration assay, TPC-1 cells were
grown to confluence in 6-well plates in DMEM/ 5% SBF
medium. Cells were then scratched with a P200 pipette tip,
as described previously [17] and the culture medium was
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replaced with treatment media: serum free-DMEM, serum
free-DMEM with 100 uM ATP or 100 uM ADP or 100 uM
AMP, or 100 uM AMP plus 10 uM APCP or 100 uM ADO.
Photographs were obtained at 0, 3, 6 and 24 h. The wound gap
was quantified by National Institutes of Health ImageJ
software.

Statistical Analysis

Differences between cell proliferation and migration for the
treatment groups were evaluated using the Generalized
Estimating Equations method with Bonferroni adjustment.
Statistical analyses were performed using SPSS for
Windows version 20.0 (IBM, USA) and analyses were per-
formed at the 0.05 significance level.

Results

Extracellular Nucleotide Hydrolysis by Thyroid Cell
Lines

Firstly, we tested the ability of thyroid cells to hydrolyze ex-
tracellular ATP, ADP and AMP. All cell lines were able to

hydrolyze these nucleotides, but different amounts of
Fig. 1 ATP, ADP and AMP Nthy-1
hydrolysis on the surface of
thyroid cells. Thyroid cells were
incubated in phosphate-free buff-
er containing 1 mM of nucleo-
tides at 37 °C for 10, 20, 30 and
60 min, as described in material
and methods. In normal thyroid-
derived cells, a Nthy-1, b FRTL-5
and ¢ PCCL3, ATP hydrolysis
was higher than AMP, while in
papillary thyroid carcinoma de-
rived cells, d TPC-1 and e K1,
AMP hydrolysis was higher than
ATP and ADP. Data are expressed
as mean £ SD of three experi-
ments, performed in duplicates

a

20+

nmol of Pilmg
3 @

o
1

o
I

20' 30

FRTL-5

nmol of Pi/mg
- - nN
o o o
o ? o

5]
(=]
L

(=]
¥

10 20 30

(7]

PCCL3

nmol of Pi/mg
-
» (23 © o

»n
(=]

(=]
¥

@ Springer

60’

60’

inorganic phosphate were released, according to the cell line
(Fig. 1 and Table 2). Importantly the ratio of ATP/AMP hy-
drolysis was at least 7-fold higher in normal thyroid cells
Nthy-1, FRTL-5 and PCCL3 cells, as compared to PTC-
derived cells (K1 and TPC-1 cells). Inversely, the ratio of
AMP/ATP hydrolysis was higher in PTC-derived cells than
normal thyroid cells. ADP and ATP hydrolysis were similar in
Nthy-1, FRTL-5, K1 and TPC-1 cells, whereas in PCCL3
cells, ADP and AMP hydrolysis were similar (Table 2).

Extracellular ATP Metabolism and NTPDases
Expression

To better investigate the pattern of extracellular ATP hydroly-
sis, a time course analysis was performed, comparing normal
(Nthy-1 and FRTL-5) and cancer (TPC-1) thyroid cells.
Thyroid cell cultures were exposed to medium containing
100 uM ATP (0—120 min), and ATP degradation metabolites
were measured by HPLC (Fig. 2). FRTL-5 cells (Fig. 2a)
metabolized ATP gradually along 120 min of incubation with
subsequent production of ADP and AMP, which were the
main products accumulated at the end of the reactions (27.32
and 41.13 uM, respectively). In opposite, ATP was poorly
metabolized by TPC-1 cells (Fig. 2b) and small amounts of
ADP and AMP were detected in the extracellular medium.
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Table 2 Specific activities for

ATP, ADP and AMP hydrolysis CellLine  ATP ADP AMP ATP/ADP ATP/AMP AMP/ATP
and their rates in normal thyroid,
FRTL-5, PCCL3 and Nthy-1, and Nthy-1 0.25+0.075 0.14 £ 0.06 0.06 +£0.01 1.76 4.36 0.23
papillary thyroid carcinoma FRTL-5 2.62+041 1.94 +0.79 0.14 +0.01 1.26 17.87 0.06
S;Z?’ TPC-TandKlderived cell  pocp3 266+ 0.82 0324005  052+0.11 840 532 0.19
TPC-1 0.35+0.03 0.32 +0.04 1.15+0.38 1.12 0.31 3.24
K1 0.1 +0.02 0.07 £ 0.02 0.17 +0.03 1.59 0.62 1.62

Ectonucleotidase activities of intact cells were determined at 37 °C, following 30 min incubation with 1 mM ATP,
ADP or AMP. Nucleotide hydrolysis is expressed as nmol of Pi released/min/mg of protein and represents mean +

SD of three experiments

After 120 min of incubation, the amount of ATP remaining in
FRTL-5 and TPC-1 cells was, respectively, 10.36 £0.25 and
84.86 £4.3 uM. The incubation with ATP led to an accumu-
lation of AMP in FRTLS5 cells but not in TPC-1cells,
confirming the increased CD73 activity in cancer cells
(Fig. 1). In FRTL-5 cells, ATP seemed not to be directly
dephosphorylated to AMP, since ADP levels were detected
in the extracellular medium, which were smaller inTPC-1
cells. Nthy-1 cells had lower ability to hydrolyze ATP and
generate ADP, AMP and adenosine (Fig. 2c).
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Fig. 2 Metabolism of extracellular ATP and expression of NTPDases by
normal and thyroid cancer cells. The hydrolysis of extracellular ATP and
formation of degradation product were analyzed by HPLC in comparison
with reference standards. a FRTL-5, b TPC-1 and ¢ Nthy-1 cells were
incubated with 100 uM ATP and supernatant aliquots were collected after
0, 10, 20, 30, 60, 90 and 120 min. ATP, ADP, AMP and adenosine (ADO)
were quantified by HPLC. Data are shown as mean + SD of triplicates. d
The expression of NTPDases in normal and thyroid cancer cell lines was

After, to analyze the NTPDases expressed by cancer and
normal cells, we performed RT-qPCR to evaluate mRNA
expression of ENTPD 1, 2, 3, 5, 6, 8 in thyroid cell lines
(Fig. 2d). Notably, ENTPDI and ENTPD2 were expressed
at very low or undetectable levels in tumor derived cells,
suggesting that their expression is lost during cancer pro-
gression. The absence of mRNA levels of ENTPDI in
Nthy-1 (Fig. 2d) corroborated the lower ATP hydrolysis
rate, as measured by HPLC analysis (Fig. 2¢). ENTPD3
could not be detected in FRTL-5 and PCCL-3 cells, and
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analyzed by RT-qPCR. mRNA levels were normalized by ACTB gene
expression. ENTPD1 and ENTPD2 mRNA were more strongly expressed
in cells derived from normal thyroid, while ENTPD3 mRNA was identi-
fied only in tumor-derived thyroid cells. mRNA levels of ENTPDS5 and
ENTPD6 were similar in normal and tumor cells. NTPDases expression
is shown as mean =+ SD of at least three experiments, performed in
duplicates
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was weakly expressed in Nthy-1, while its expression was
higher in tumor derived cells (TPC-1 and K1). ENTPD6
was moderately expressed in both, normal and tumor de-
rived cells, but not detected in PCCL3. ENTPD8 mRNA
could not be detected in any of the five thyroid cell lines
studied.

Inhibition of AMPase Activity by APCP in TPC-1 Cells
and CD73 Expression

In order to confirm the enzymatic participation of CD73 on
AMP metabolism in TPC-1 cells, these cells were incubated
with AMP in the presence of APCP, and AMP hydrolysis was
evaluated by malachite green and HPLC assays. As shown in
Fig. 3 (panel A), APCP (10 uM) inhibited AMPase activity in
~30%, when compared to control. HPLC experiments (Fig. 3b;
triangle “solid line”; green) confirmed that TPC-1 cells were
able to hydrolyze extracellular AMP to adenosine. Indeed,
~60% of AMP was metabolized by cancer cells after
180 min. APCP (10 uM) decreased AMP metabolism (Fig.
3b; “dotted line”; red), decreasing extracellular adenosine gen-
eration ~20%, after 180 min. These findings suggest that
APCP, which prevents the binding of AMP to CD73, decreased
the ability of cells to hydrolyze AMP, adding evidence to CD73
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Fig. 3 APCP inhibits AMP hydrolysis in thyroid cancer TPC-1 cells. a
TPC-1 cells were incubated with | mM AMP without (black bars) or with
(gray bars) 10 uM APCP. AMPase activity was determined by the
Malachite Green assay. Data are expressed as nmol Pi released/mg of
protein and represent the mean + SD of three experiments in triplicates.
b HPLC analysis showing extracellular AMP metabolism in TPC-1cells,
after incubation with 100 uM of AMP without (solid line; green) or with
(dotted line; red) 1 uM APCP. APCP decreased adenosine (ADO) for-
mation. AMP and ADO were quantified by HPLC in comparison with
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role in converting AMP to adenosine in these cells. In accor-
dance with these results the expression of CD73 mRNA was
about 5 times higher in TPC-1 and K1 cells (Fig. 3¢), leading to
a higher CD73 imunocontent in a TPC-1 (Fig. 4d).

Adenosine Promotes Migration and Proliferation
on TPC-1 Cells In Vitro

The scratch wound healing assay was performed in order to
evaluate the effects of ATP, ADP, AMP and adenosine on
TPC-1 migration in vitro. As shown in Fig. 4, panels A and
B, treatment for 3 h with adenosine (»p <0.0001; n=3), 6 h
with ADP (p <0.0001; n=3), and 24 h with ATP (p < 0.0001;
n=23) or adenosine (p <0.00001; n=3) increased migration
of TPC-1 cells after scratch wound.

For investigation of the effect of ATP, ADP, AMP and
adenosine, in tumor thyroid cells proliferation, TPC-1 cells
were counted in a hemocytometer and KI-67 mRNA levels,
a proliferation marker, were analyzed by RT-qPCR. As shown
in Fig. 4, panel B, AMP or adenosine increased non-
significantly Ki-67 gene expression. Cell number increased
after treatment with AMP (p =0.001; n=3) or adenosine
(p=0.001; n=3) for 48 h; this effect was reversed by APCP
(p=0.079; n=3).

T

—+—ADO =—#—AMP -:w#:- ADO -4+ AMP

100

80

60

40

20

Relative amounts (pM)

0 15 30 60 120 180

TPC-1 Nthy-1

_ -

reference standards. ¢ The expression of CD73 was analyzed by RT-
qPCR and mRNA level was normalized with ACTB. The
ectonucleotidase expression was higher (~10 fold) in tumor derived thy-
roid cells when compared to cells derived from normal thyroid. Data are
shown as mean £ SD of three experiments, performed in duplicates. d
Western blot of CD73 in normal thyroid cell line (Nthy-1) and tumoral
thyroid cell (PTC-1) obtained from three independent cell cultures (n1, n2
and n3). The loading control (LC) shows representative bands of the
Coomassie-stained membrane
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Fig. 4 Effect of nucleotides on TPC-1 migration and proliferation
in vitro. a TPC-1 cells were scratch-wounded with a micropipette tip
(200 pl) and treated with serum free DMEM; or serum free DMEM plus
100 uM ATP; or 100 uM AMP; or 100 uM AMP plus 10 pM APCP; or
100 uM ADO. The wound gap was evaluated at 0, 3, 6, and 24 h post-
scratching. Mean relative quantification of the fraction of the wound that
remains uncovered by the migratory cells as a function of time for each
treatment are shown. Bars represent means + SEM; n = 3. * adenosine vs.
control p<0.0001; ® ATP vs. control p<0.0001 and, adenosine vs.

Discussion

The present study demonstrates that genes encoding
NTPDases are expressed in thyroid cell lines derived from
normal thyroid and PTC. The ecto-nucleotidases profiles dif-
fered according to the origin of the cell lines in two aspects: (i)
the ability to hydrolyze ATP and AMP and (ii) the mRNA
levels for these enzymes. Cells derived from normal thyroid
showed a higher ability to hydrolyze ATP and, as expected,
expressed higher mRNA levels for ENTPDI and 2. Inversely,
tumor cells had a higher ability to hydrolyze AMP and
showed the highest levels of CD73 mRNA.

It is well-known that high levels of extracellular ATP
and adenosine are detected in the tumor microenviron-
ment of solid tumors [18]. Among thyroid cancers,
Solini et al. showed that ATP concentration in the super-
natants of PTC derived cells, FB1 and FB2, were about 3-
fold higher than in the supernatant of thyrocytes isolated
from nodular goiter [19]. Cell death, hypoxia and the
presence of inflammatory cells probably mediated this in-
crease. Once established, these microenvironment changes

control p <0.00001. b Determination of ATP, ADP, AMP and, adenosine
effect by cell counting in a Neubauer cell chamber. After 48 h of exposure
with AMP and adenosine, the percentage of TPC-1 cells was significantly
elevated as compared to the control group (# AMP vs. control
p=0.001; ## adenosine vs. control p=0.001). ¢ The RT-qPCR analysis
showed that Ki-67 mRNA level was increased, but not significantly, in
TPC-1 cells treated with AMP or adenosine. The stimulatory effect on
TPC-1 migration and proliferation caused by AMP was reverted in co-
treatment with APCP (Adenosine 5'-(c, 3-methylene)- diphosphate)

could favor tumor growth and inhibit local immune
response.

Our results showing higher CD73 mRNA levels in two
human PTC derived cells (K1 and TPC-1), as compared to
cells derived from normal thyroid (Nthy-1, FRTL-5 and
PCCL3) are in line with a previous study which described
the overexpression of CD73 in slices of PTC, in comparison
to normal or benign thyroid [11]. The same authors measured
the CD73 activity in thyroid tissues using Wachstein and
Meisel’s methods, showing that its activity was faint in normal
thyroid cells and strong in PTC cells [11]. Similarly, we ob-
served that more than 60% of AMP was hydrolyzed by TPC-1
cells after 180 min, with the expected increase in adenosine
accumulation.

On the other hand, FRTL-5 cells showed a progressive
accumulation of AMP and very low adenosine production,
when ATP was given as substrate. The profile of low
ATPase and high AMPase activities in PTC cells could be
explained by the low to absent levels of ENTPDI and
ENTPD?2 and high CD73 gene expression in these cells.
Previously, our group showed a similar profile of high ATP
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and low AMP degradation in normal glial cells, and low ATP
and high AMP degradation in glioma cancer cells [3-5].

In addition, our group has shown that a proportional in-
crease in CD73 activity and mRNA expression occurred in a
dose-response relationship after triiodothyronine (T3) treat-
ment in C6 rat glioma cells [20] and in smooth muscle cells
[21], suggesting that its status could be affected by thyroid
follicular cell hyperfunction. In this line, it was observed that
rats submitted to chronic stimulation by low-iodine diet or
treated with propylthiouracil had an increase in the enzymatic
activity of CD73 [22].

In the present report, we were able to demonstrate in-
creased cell proliferation and migration rates in TPC-1 cells,
after treatment with AMP and adenosine. These stimulatory
effects caused by AMP were reverted by co-treatment with
APCP, a non-hydrolysable ADP analogue which inhibits
CD73. Our data suggests that adenosine mediates its effect
through the P1 receptors subtype. Consistent with this, the
expression of adenosine receptor Al gene (P1A1) was higher
in patients with PTC than in normal thyroid tissue [23]. Also,
adenosine receptor A3 (P1A3) protein was detected in PTCs,
but not in normal human thyroid tissue [24].

The importance of P1 receptors signaling is shown by a
study that promoted a chronic cAMP stimulation in the thy-
roid. The authors developed a transgenic mouse expressing
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Fig. 5 Schematic illustration summarizing nucleotide metabolism and
ectonucleotidases expression profile in normal and papillary thyroid
cancer (PTC) cells. Normal thyroid cells express higher levels of
ENTPD] and 2, when compared to PTC cells, leading to increased extra-
cellular ATP hydrolysis with consequent accumulation of ADP and AMP.
In the other hand, PTC cells express ENTPD3, while ENTPD] and 2 are
absent, decreasing ATP metabolism, and its accumulation in tumor
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the adenosine receptor A2a under the control of the thyroglob-
ulin promoter (Tg-A2aR). Their results showed that 360 genes
were modulated in the thyroid, when compared with normal
mice. The transgenic animals developed huge goiters and died
prematurely by cardiac failure caused by hyperthyroidism
[25]. In addition, the stimulation of FRTL-5 cells with
CGS21680, an adenosine A2a-specific agonist, increased the
expression of vascular endothelial growth factor (VEGF) [26].
Taken together, our results and other researchers data suggest
that adenosine, via P1 receptors, could be a player in thyroid
cancer progression and metastatic dissemination.

We hypothesize that within thyroid lesions, where normal
and cancer follicular cells co-exist, these ‘normal’ thyroid
cells hydrolyze ATP and ADP to AMP, while tumor thyroid
cells hydrolyze AMP, producing adenosine (Fig. 5). Because
of low ATP/ADP metabolism by cancer cells, ATP accumu-
lation within and in surrounding tumor might sensitize P2
receptors both in tumor cells, inducing cell proliferation, as
well as in immune cells and normal thyroid cells, promoting
its recruitment to tumor area with consequent release of
protumor cytokines. Moreover, the high ATP/ADP metabo-
lism of normal cells might provide AMP, the substrate of
CD73, highly expressed by tumor cells. Adenosine by activat-
ing P1 receptor plays an important role in angiogenesis and in
immune suppression [27]. Therefore, the orchestrated

A

Immune supression Angiogenesis

AMP

N7
ADO

Release of
proangiogenic

factors

microenvironment. As CD73 is highly expressed in TPC-1 and K1 cells
in comparison with normal cells, AMP is immediately metabolized to
adenosine. Therefore, in the thyroid tumor microenvironment, a crosstalk
between normal cells, which are more efficient to hydrolyze ATP and
ADP, could provide AMP to be dephosphorylated to adenosine by tumor
cells. Adenosine could be involved in several pro-tumorigenic features, as
immunosuppression and angiogenesis, in the tumor microenvironment
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extracellular adenine nucleotide metabolism by normal and
cancer cells might promote differential P1/P2R sensitization
on both, normal and tumor cells, generating a “proliferative”
advantage to cancer cells. Since both, ATP and adenosine
accumulation, are described in tumor microenvironment, we
suggest that normal and tumor cells crosstalk might favor
niches of ATP and/or adenosine accumulation, which might
promote a favorable microenvironment for tumor progression.
Thus, purinergic signaling could be considered as a potential
target for thyroid cancer management/treatment in the future.
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