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INTRODUÇÃO 

Os hormônios produzidos na tireóide, tanto a tiroxina (T 4) quanto o 

triiodotironina (T 3) , são conhecidos, classicamente, como reguladores do 

metabolismo energético. Além desta importante função, estudos de pesquisa 

básica, através de modelos animais que simulam um estado patológico de hipo 

e/ou hipertireoidismo, têm demonstrado que a presença dos hormônios 

tireoideanos, em quantidades fisiologicamente corretas, é necessária para o bom 

desenvolvimento e funcionamento do Sistema Nervoso Central (SNC). A falta do 

hormônio durante o desenvolvimento neural causa retardo mental, assim como 

seu excesso estimula a expressão de proteínas e de fatores mitogênicos (Trentin 

e Alvarez-Silva, 1998). 

Os hormônios T 4 e T 3 são produzidos a partir da tirosina e são secreta dos 

na corrente sangüínea complexados a proteínas de transporte: TBG, thyroid 

binding globulin (Marks et a/. , 1996). A forma mais ativa e instável do hormônio é o 

T 3 e, por isso, a que recebe maior enfoque nos estudos. Ao chegar no tecido alvo, 

o T 4 pode sofrer deiodinação e converter-se em T 3, mas ambos são capazes de 

atravessar a membrana plasmática (Gonçalves et a/., 1990) e ligar-se aos 

receptores nucleares (Oppenheimer, 1983). Estes receptores contêm um sítio de 

ligação a cromatina e por isso sua ativação representa um sinal para o início da 

transcrição de genes. Diversos trabalhos confirmaram ser o hormônio tireoideo o 

responsável pela super expressão de proteínas em células do sistema nervoso. 

Portanto, a quantidade de hormônio ligado ao seu receptor torna-se importante 

para o mecanismo de controle da expressão de várias proteínas. 
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Os nucleotídeos de purina, ATP, ADP e AMP e o nucleosídeo adenosina 

(ADO) desempenham funções nas mais variadas situações fisiológicas, tais como 

agregação plaquetária, vasodilatação e vasoconstrição (Rongen et a/., 1997), 

proliferação de astrócitos (Rathbone et ai., 1992) e apoptose (Di lorio et ai. , 2002). 

Também em situações patológicas, como epilepsia (Bruno et ai., 2002), estas 

moléculas ligam-se em seus receptores específicos e sinalizam diferentes 

respostas. Suas quantidades extracelulares estão sob fino controle de uma 

cascata de enzimas localizadas na superfície das membranas celulares. Nesta 

classe de enzimas encontram-se as ecto-nucleotidases (ecto-ATPase; ecto

NTPDase;CD39 e ecto-S 'nucleotidase; CD73) (Zimmermann , 2001) que 

hidrolisam seqüencialmente o ATP até adenosina. A adenosina assim formada 

pode ser captada pelas células por um sistema de transporte de nucleosídeos 

(Thorn e Jarvis, 1996), o que se constitui em uma importante via de salvação de 

purinas ou ainda ser degradada por ação da ecto-adenosina deaminase levando à 

formação extracelular de inosina (Franco et ai., 1997 e 1998). 

Importantes diferenças na atividade catalítica dessas enzimas foram 

encontradas entre linhagens de gliomas e culturas de células astrocíticas normais 

(Wink et ai., 2002a-submetido; Wink et ai. , 2002b em preparação). Foi sugerido, 

então, que tais mudanças no comportamento enzimático poderiam ser uma 

estratégia desenvolvida por este tipo de tumor, a fim de garantir a sobrevivência e 

a proliferação desta doença. Esta idéia tem o suporte de alguns trabalhos que 

relacionam a atividade da ecto-5'-nucleotidase com a resistência de tumores a 

múltiplas drogas (Ujházy et a/., 1996). 
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O glioma C6 de rato é uma linhagem que foi induzida quimicamente a se 

tornar imortal (Senda et ai., 1969). Por causa da fácil manipulação, esta linhagem 

é freqüentemente estudada. Deste modo, é sabido que nela estão presentes as 

ecto-nucleotidases e também os receptores de T 3 de alta afinidade (Ortiz-Caro et 

ai., 1986) e que uma vez tratada, com o hormônio em questão, o padrão de 

expressão de algumas proteínas é modificado (Trentin and Alvarez-Silva, 1998). 

Além disso, existem evidências de que o hipotireoidismo parece prolongar a vida 

do paciente com câncer (Toms et ai. , 1998). Dessa maneira, o objetivo deste 

trabalho foi a investigação de uma possível influência do estado hipertiroideo na 

expressão e na atividade catalítica das ecto-nucleotidases. 

Para tanto, células de gliomas C6 de ratos em cultura foram tratadas com 

hormônio T 3 de acordo com o protocolo descrito na literatura (Trentin e Alvarez

Silva, 1998). Os resultados obtidos e apresentados na forma do manuscrito em 

anexo, demonstraram que a hidrólise do ATP e do ADP que é extremamente baixa 

nestas células, não sofreu influência do hormônio T 3 nas condições testadas, 

enquanto que foi observado um aumento significativo de 30% na hidrólise do 

AMP. Este efeito foi dose-dependente até a concentração de 0,25 nM, quando foi 

atingido um "plateau". Concentrações maiores de T 3 não causaram aumento no 

efeito sobre a atividade de hidrólise do AMP. A fim de investigar se o efeito do T3 

sobre a hidrólise do AMP era devido a um aumento na expressão da enzima ecto-

5'-NT (CD73) células tratadas com 50 nM de T 3 e células controles tiveram a 

expressão desta proteína avaliada pela técnica do RT-PCR. Os resultados 

confirmaram que o aumento na hidrólise do AMP deve provavelmente ser devido a 
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um aumento na expressão da 5'-NT(CD73) uma vez que houve um aumento de 

cerca de 3 vezes na expressão do mRNA desta proteína nas células tratadas 

quando comparadas as células controle. É importante salientar que as análises 

por RT -PCR foram realizadas no laboratório da Ora. Maria Luisa Chaves do 

Departamento de Anatomia do Instituto de Ciências Biomédicas da USP. 
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ABSTRACT 

Thyroid hormone has profound effects on growth and development in Central Nervous 

System (CNS). Previously, it has been shown that triiodothyronine (T3) promotes glial cells 

proliferation, induces cerebellar astrocytes and glioma cells to secrete mitogenic growth 

factors and regulates protein expression. The combined action of ecto-NTPDases and ecto-

5' -nucleotidase can control the extracellular ATP/adenosine leveis in the CNS. Since ATP 

and adenosine have been described as proliferation factors, we investigated the influence of 

T 3 on the enzyme cascade which catalyses interconversion o f purine nucleotides in rat C6 

glioma cells. Exposure o f C6 cells to T 3 for 72h caused a dose-dependent increase of 30% 

in the AMP hydrolysis while no significant alteration was observed on A TP I ADP 

hydrolysis. The T3 treatment significantly increased the expression of CD73 mRNA These 

results indicate that T 3 causes an over-expression o f 5 '-nucleotidase with consequent 

enhance of adenosine leveis in the extracellular mediurn, which could be an important 

proliferation signaL 

Key words: Ecto-5 '-nucleotidase/CD73; adenosine; Thyroid hormone; C6 gliomas. 
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1. Introduction 

Thyroid hormones are essential to controlling fuel metabolism and others 

physiological functions in many tissues. In the central nervous system (CNS), they play a 

crucial role in brain development, which is retarded in hypothyroidism state. In adult brain, 

their role as neurotransmitters comes to the fore but neuronal plasticity and other growth

related processes are their continuing responsibility (Dratrnan and Gordon, 1996). The 

thyroid hormone 3-3 ' -5 triiodo-L-thyronine (T 3) is able to cross plasma membranes 

(Gonçalves et a/., 1990) and bind to its nuclear receptor characterized as a chromatin

associated protein leading to the regulation of specific genes (Oppenheimer, 1983). Some of 

these genes have been studied: a gene encoding myelin basic protein (MBP) in 

oligodentrocytes (Farsetti et ai. , 1992), a gene encoding brain derived neurotrophic factor 

(BDNF) expressed in granular neurons (Koibuchi et al., 1999), a Pcp2 gene which is 

expressed in Purkinje cells (Zou et al., 1994) and the gene encoding NeuroD protein in 

cerebellar cells (Chatoux and Francon, 2002). 

Purine nucleoside adenosine (ADO) and its phosphorilated forms such as ATP, 

ADP and AMP play important roles in different tissues. Binding to their respective receptors 

they are a signal to the cell in various physiologic aspects: e.g. blood platelet aggregation, 

vasoconstriction or vasodilatation (Rongen et al., 1997), astrocytes proliferation (Rathbone et 

al. , 1992), and apoptosis (Di Iorio et ai. , 2002). The extracellular nucleotides and 

nucleosides may act as trophic factors that induce alterations in cell metabolism, structure 

and function ofneurons and astrocytes (Rathbone et al., 1999; Neary et al. , 1996). 

After exerting their effects, nucleotides are extracellularly hydrolyzed by the 

action of ecto-nucleotidases (ecto-NTPDases and 5' -nucleotidase) that convert ATP into 
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adenosine in the extracellular space. The molecular properties, functional roles and 

nomenclature of ectonucelotidases were recently reviewed by Zimmermann (200 1 ). 

Ecto-5 '-nucleotidase ( ecto-5 '-NT, CD73 ), a glycosyl phosphatidylinositol

anchored cell-surface protein, is the final enzyme in the extracellular pathway for the 

complete hydrolysis of ATP to adenosine. Although ecto-5 'NT is expressed in many 

different tissues (Zimmerrnann, 1992), only certain cell types within each tissue express the 

enzyme (Hansen et al. , 1995). Also, an intracellular localization of 5' NT was described 

(Heymann et al., 1984). The main biological role of this enzyme is its participation in the 

adenosine forrnation that mediates cell signalling in physiological, as well as pathological 

conditions (Resta and Thompson, 1997). In addition, the involvement of ecto-5 '-NT in drug 

resistance and turnor-promoting functions has been proposed (Ujhazy et al., 1996; 

Spychala, 2000). 

Recently we have showed a striking difference in the extracellular nucleotide 

degradation rates between glioma celllines and normal astrocyte cultures. We hypothesized 

that changes in the ecto-nucleotidase pathway is a characteristic of this kind of tumor and 

possibly represent an important mechanism to facilitate high proliferation and invasion as 

well as low death ofthese cells (Wink et al., 2002 - submitted). 

The existence of T 3 receptors o f high affinity in rat C6 glioma cells (Ortiz-Caro 

et al., 1986) and the fact that this hormone can regulate several proteins expression (Trentin 

and Alvarez-Silva, 1998) became this cell line a good model for the study o f T 3 influence 

on tumors of glial origin. Evidences are found in the literature linking thyroid hormone 

actions to tumorigenesis and tumor growth (Mishkin et al. , 1981 ; Hercbergs, 1996; Toms et 

al., 1998). Considering that ATP and adenosine are implicated as trophic agents on glial 

cells and that ectonucleotidases play a key role in purinergic signaling regulation, we 
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sought to investigate the effect ofthyroid hormone on the ectonucleotidase pathway. To test 

the hypothesis whether there is a relationship between thyroid state and extracellular 

nucleotides and nucleosides leveis we examined the effect o f T 3 treatment on ecto

nucleotidases activity and expression in C6 glioma cell line, which has been used as an in 

vitro model oftumors of glial origin. 

2. Material and Methods 

2.1. Materiais 

Dulbecco' s modified Eag1e' s medium (DMEM) and fungizone were purchased from Gibco 

BRL. Fetal calf serum (FCS) was from Cultilab, Brazil. T3 (Triiodo-1-thyronine), T4 

(Thyroxine), nucleotides (ATP, ADP, AMP), HEPES, Trizma base and EDTA were 

obtained from Sigma Chemical Co. (St. Louis, MO, USA). 

2.2 Treatment of cell culture 

C6 glioma cell line was a generous gift from DR.A.G. Trentin. from Departamento de 

Biologia Celular, Embriologia e Genética, Universidade Federal de Santa Catarina, Brasil. 

Cells were maintained in complete medium consisting of DMEN containing 2% (w/v) L

glutamine and supplemented with 5% (v/v) fetal calf serum (FCS). The cultures were 

incubated at 37°C in a humidified 5% Co2 and 95% air atmosphere. Exponentially growing 

cells were detached from the culture flasks with EDTA-trypsin, inoculated in complete 

medium into 24-well microplates and allowed to grow to confluence. After confluence, the 

cells were treated with 50 nM T3 dissolved in FCS-free DMEM for 72 h, with thyroid 

hormones medium changes after 24 and 48 h. The cultures were then maintained 24 h 

without medium changes, before the experiments. For dose-response curve C6 cells were 

treated with 0.01, 0.05, 0.10, 0.25, 0,50, 1.0 and 10.0 nM of T3. Control cultures were 

12 



maintained in the same way with DMEM without FCS during treatment (Trentin and 

Alvarez-Silva, 1998). 

2.3. Ecto-nucleotidases assay 

2.3.1 Ecto-NTPDase activity 

To determine the A TPase and ADPase activities, the 24-well microplates containing 

glioma cells were washed three times with incubation medium in absence of nucleotides. 

The reaction was started by the addition of 200 J...LL the incubation mediurn containing 2 

mM CaCh, 120 mM NaCl, 5 mM KCl, 10 mM glucose, 20 mM Hepes, pH 7.4 and 1 mM 

of ATP or ADP at 37°C. To stop the reaction, an aliquot of the incubation medium was 

withdrawn and transferred to an eppendorf tube containing TCA (5% w/v) previously 

placed on ice. The release of inorganic phosphate (Pi) was measured by Chan method 

(1986), using KH2P04 as a Pi standard. The non-enzymatic Pi released from nucleotide into 

assay mediurn without cells and Pi released from cells incubated without nucleotide was 

subtracted from the total Pi released during incubation, giving net values for enzymatic 

activity. All samples were run in triplicate. Specific activity was expressed as nmol Pi 

released/minlmg of protein. 

2.3.2 Ecto-5 '-Nucleotidase activity 

The incubation medium was the same as that used for ecto-apyrase activity, except 

that the 2 mM MgCh was used instead o f CaCh and 2 mM o f AMP as substrate. 

2.4 Ecto-Adenosine deaminase (ADA) activity 

The cells were incubated the same way as described above. The reaction was started 

by adding adenosine (0,15 mM) in the ADA buffer (4 mM MgCh, 2 mM CaCh, 100 mM 

NaCl, 20 mM KCI, 5 mM glucose, 10 mM NaHC03, 15 mM Tris pH 7.4). To stop the 
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reaction, an aliquot of the supematant was transferred to an eppendorf tube on ice and 

centrifuged at 4°C for 30 min at 16,000 g. Aliquots of 40 ~1 were applied to a reverse phase 

HPLC system using a C18 Shimadzu column (Shimadzu, Japan) with absorbance measured 

at 260 nm. The mobile phase was 60 mM KH2P04, 5 mM tetrabutylammonium chloride, 

pH 6.0, in 30% methanol as described (Volter et al., 1980). The adenosine peak was 

identified by its retention time and by comparison with standards. The ectoadenosine 

deaminase activity was measured by the decrease in the adenosine peak and by the 

appearance of inosine and hypoxantine peaks. Spontaneous deamination of adenosine was 

not detected at any time. 

2.5. Protein determination 

Cells in the 24-well microplates were solubilized with 100 J..tL of NaOH IN and 

frozen ovemight. Then, an aliquot was taken and the protein was measured by the Bradford 

method (1976), using bovine serum albumin as standard. 

2.6. RT-PCR analysis 

Total RNA from C6 glioma cell line culture with or without T3 treatment was 

isolated with Trizol LS reagent (Life Technologies) in accordance with the manufacturer's 

instructions. The cDNA species were synthesized with SuperScript II (Life Technologies) 

from 2J..tg of total RNA in a total volume of 20 J..tl with an o ligo ( dT) primer in accordance 

with the manufacturer's instructions. cDNA reactions were performed for 1 h at 42°C and 

stopped by boiling for 5 min. 2J..tl of cDNA was used as a template for PCR with primers 

specific for CD73. As a control for cDNA synthesis, !3-actin-PCR was performed. 2 J..tl of 

the RT reaction mix was used for PCR in a total volume of 25J..tl using a concentration of 
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0 . 5~-tM of each primer indicated below ::md 50 ~-tM of dNTP, 1 U Taq polymerase (Life 

Technologies) in the supplied reaction buffer. 

The PCR cycling conditions were as follows : for CD73 45 s at 94 °C, 45 s at 64 °C, 

1 min 30 s at 72 °C ( amplification product 403bp) and the same conditions for I3-actin 

(amplification product 200bp). All PCRs were carried out for 35 cicles and included an 

initial 3 min denaturation step at 94 °C and a final 1 O min extension at 72°C. 1 Of...ll o f the 

PCR reaction was analyzed on a 1.5% agarose gel. The following set of primers were used: 

for CD73 : 5'CCC GGG GGC CAC TAG CAC CTC A3' and 5'GCC TGG ACC ACG 

GGA ACC TT3' and for I3-actin: 5'TAT GCC AAC ACA GTG CTG TCT GG3' and 

5 'T AC TCC TGC TTC CTG A TC CAC A T3 '. Oligonucleotides were obtained from 

Invitrogen, Brazil. 

2. 7. Statistics 

The data obtained for the enzyme activities are presented as mean ± SEM of at least three 

independent experiments done in triplicate. Statistical analysis was performed usmg 

Student's t-test, and the differences were considered significant at P< 0.01. 

3. Results 

3.1 T3 stimulates ecto-5'-nucleotidase activity ofC6 glioma cells 

Ecto-5' -NT activity measured in control conditions in rat C6 glioma cells was 55 ± 

15 nmol/minlmg protein with 2.0 mM 5'-AMP as substrate, while no detectable ATPase and 

ADPase activities were found. To evaluate the influence of T3 on ecto-nucleotidases 

activities, we performed an enzymatic assay after hormone treatment with incubation time 

and substrate concentration pre-established (Wink et al. , 2002 - submitted). Based on data 
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from literatvre, we initially tested 50 nM of T3 on ecto-nucelotidase activities. An increase of 

approximately 30% in the AMP hydrolysis were observed when the C6 cells were treated for 

three days in a mediurn containing thyroid hormone compared with control cultures. In 

contrast, no significant modification in A TP and ADP hydrolysis was observed (Figure 1 ). 

In order to do a complete investigation of all enzymes involved in the extracellular 

nucleotide degradation, we performed adenosine deaminase assay. Stefanovic et al. (1976) 

demonstrated that no substantial ecto-adenosine deaminase activity was measurable in C6 

glioma cellline. In contrast, in our assay conditions, this enzymatic reaction occurs, releasing 

inosine as product of adenosine deamination (data not shown). The presence o f different T 3 

concentrations did not affect this enzyme action. Therefore, ecto-5 ' -nucleotidase appears to 

be the unique thyroid hormone responsive in the ecto-nucleotidase chain in these cells. 

3.2 Dose-response curve for activation o f ecto-5 '-nucleotidase by T3 

To investigate in more detail how thyroid hormone affects the ecto-5 ' -NT activity, 

rat C6 cells were treated with 0.01 ; 0.05; 0.10; 0.25; 0,50; 1.0 and 10 nM of T3 in the 

conditions described in Material and Methods session. In the presence ofT3 a dose-response 

curve was observed (Figure 2). The increased responsiveness to different T 3 concentration 

was observed up to 0,25 nM; after that, a plateau was reached and the AMPase activity did 

not change with higher T3 concentration. The L-thyroxine hormone (T4) was also tested in C6 

cells cultures, but it did not alter all nucleotides hydrolysis (data not shown). 

3.3 T3 increases CD 73 mRNA expression in C6 cells 

Considering that thyroid hormone regulates protein expression in C6 glioma cells 

(Trentin and Alvarez-Silva, 1998) and that this hormone promoted a significative increase on 

ecto-5' -NT activity we evaluated whether the enhancement of ecto-5' -NT activity by T3 

resulted from increased CD73 mRNA leveis. Two important things can be observed from the 
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results ofthese experiments: first, it was showed that CD73 is present in control cells by RT

PCR using synthesized oligonucleotide primers specific to this protein. Second, and more 

importantly, Figure 3 also shows that in the thyroid hormone treated C6 cells, CD73 mRNA 

expression was found 2.5-fold higher compared with control conditions, supporting the 

proposal that the increasing in 5' -NT activity is related to an over-expression of the mRNA 

and suggesting an increase on protein synthesis. 

4. Discussion 

Extracellular adenine nucleotides and nucleosides have been related with diverse 

physiological as well pathological conditions in the central nervous system. ATP and 

adenosine are known to produce potent effects when are released from neurons and 

astrocytes. Ectonucleotidases constitute a highly organized pathway for the regulation of the 

homeostasis o f nucleotide-mediated signaling, controlling the A TP degradation and 

adenosine formation. The hydrolysis of A TP to AMP is catalyzed by NTPDases (1 to 6), a 

group of enzymes that with different specificities catalyze the dephosphorylation of 

commonly occurring tri- and diphosphonucleosides. The AMP formed by these enzymes is 

hydrolyzed to adenosine by the action of an ecto-5 '-nucleotidase (CD73 ). In addition to the 

protective effects of adenosine against ischemia- and trauma associated neuronal cell death, it 

has been postulated that adenosine may accumulate to high concentrations in solid tumors 

being an important factor in stimulating angiogenesis, cancer growth and inhibition of 

immune response toward the malignant tissue (Spychala et al. , 2000). Therefore, the 

observation that both adenosine as well as ecto-5 ' -NT expression may be related with 

transformation of different malignant tissues has significant biological implications. 
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In contrast with intact astrocyte cultures from newbom rat cerebral cortex, that 

present a rapid dephosphorylation of ATP and ADP but a slow degradation of AMP (Lai and 

Wong, 1991), the C6 cells, a cellline that was cloned from a N-nitrosomethylurea induced rat 

brain tumor (Benda et al., 1968), had an exactly inverted behavior. Results from our 

laboratory showed that other human glioma cell lines also present an extremely low A TP and 

ADP degradation. In contrast, ecto-5 ' -nucleotidase activity was increased in all glioma cell 

lines studied when compared to astrocytes (Wink et ai., 2002 - submitted). Considering the 

sirnilarity among four human glioma cell lines and one rat cell line examined, we 

hypothesized that changes in the ecto-nucleotidase pathway is a characteristic o f this kind of 

tumor and possibly represent an important mechanism to facilitate high proliferation and 

invasion as well as low death o f these cells. 

Recently, T3 was shown to induce astrocytes and C6 glioma cells to secrete 

mitogenic growth factors that could be in part, responsible to the proliferative effect of the 

hormone (Trentin et ai. , 2001 ). Clinicai hypothyroidism has been associated with prolonged 

survival in several types of malignancies. Toms et a!. (1998) showed that thyroid hormone 

depletion inhibited astrocytoma proliferation via of the p21 induction. The results presented 

here indicate that thyroid state may influence ecto-5' -nucleotidase activity. In the presence of 

this hormone, this enzyme has its potential of degradation enhanced by about 30%. The RT

PCR technique showed that the higher AMPase activity observed in the enzyrnatic assays is 

related to the ecto-5 ' -nucleotidase/CD73 over expression caused by addition of T3 in the 

medium culture. 

In this work, we also could confirm that T 3 hormone is transported into the cell and 

acts on ecto-nucleotidases expression binding at its nuclear receptors (Oppenheimer, 1983) 

and, consequently, triggering protein transcription. Like a broad variety of hormones, the 
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triiodothironine exerts its effects at very low concentrations. The T 3 dose-dependent response 

of C6 was observed up to 0,25 nM and higher concentrations did not affect the AMP 

catabolism. This probably is due to the receptor sensitivity threshold. These findings are 

consistent with the physiological values found in the organisms (Yen, 2001 ). 

Increased ecto-5 ' -nucleotidase protein expression was also observed m severa! 

multidrug-resistance CMDR) cell lines. Ujházy et al. (1996) demonstrated that this 

nucleotidase activity is acquired in the drug resistance induction, suggesting that this salvage 

pathway may be a process to compensate the ATP losses. Ecto-5'-nucleotidase enhanced 

produces more adenosine quantities that could be used to promote proliferation (Rathbone et 

ai. , 1992) and also to be uptaken forming ATP which is used by the Pgp170 protein in the 

drug extrusion (Abraham et al., 1993) or used as energy source for the cell metabolism. So, 

we hypothesize that the hyperthyroidism may accelerate the process of drug resistance · 

acquired by some turnors, through an enhanced 5' -nucleotidase activity. 

Thyroid hormone appears to have influence just on ecto-5' -nucleotidase activity. 

No significant difference is observed in the other enzymes participants of extracellular 

nucleotides cascade degradation: ecto-ATPases, ecto-ATPDase and ecto-adenosine 

deaminase verified in ours experiments. It is important to note that no difference in the 

ATPase and ADPase activities could be observed even with prolonged time (five days) of 

treatment with T3 (data not shown). So, these results suggest that the ecto-5 '-nucleotidase 

gene is under some kind of regulation by T3. Interestingly, the ecto-5 ' -NT promoter has 

several binding sites for Sp1 , a transcription factor that interacts with thyroid hormone 

receptor binding protein associated factors (TAFs) and is proposed to stabilize the 

transcription machinery and to activate transcription (Hansen et al. , 1995; Kim et ai., 1999: 

Spychala et a\. , 1999). 
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In contrast to cell of neuronal ongm, glioma cells transported L-T4 almost as 

effectively as L-T3 by the same carrier system (Gonçalves et al., 1990). Those authors 

suggested that an active transport system for T4 may help to explain why these cells are more 

resistant to hypothyroidism and also to strengthen the hypothesis that glial cell may have a 

protective role for optimal neuronal function, maintaining a more constant hormonal 

environrnent. Although T 4 transport into the cell has been reported in human glioma cells, 

when C6 cells were treated with the thyroxine hormone (T 4), no significant alteration in the 

extracellular nucleotides levels occur compared with the control cultures. This poor response 

to T4 may be explained as a difference in the affinity ofthe T3 receptors for this compound. 

T4 has been reported to bind to nuclear receptor with a lower affinity than for T3. (Yusta et al, 

1988). Thus, the conversion o f T 4 to T 3, via 5' -deiodination, found in brain is needed to the 

thyroid effect. 

In conclusion, here we have demonstrated that T 3 hormone up regulates the 

expression of CD73 protein with subsequent alterations in the extracellular purine catabolism. 

The over expression of 5' -NT supports the hypothesis that adenosine production is enhanced 

when C6 glioma cells are treated with T3 hormone, and can be involved in the effects of this 

hormone on proliferation o f the tumors o f glial origin. Whether the same effect is observed in 

human glioma celllines in culture and if thyroid hormone affects the evolution of glioma in 

vivo remains to be investigated. 
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LEGENDS TO FIGURES 

Figure 1. Effect of T3 on the extracellular hydrolysis of adenine nucleotides in C6 

glioma cells. After confluence, the cells were cultured in FCS-free DMEM (white bars) or 

treated with 50 nM T3 dissolved in FCS-free DMEM for 72 h (hatched bars), without 

medium changes 24 h before the nucleotidase activities measurements. The treated and 

control cells were incubated with 1 mM ATP or ADP for 30 minutes, and with 2mM AMP 

for 1 O minutes as described in Material and Methods. Specific activity values are expressed 

as nmol Pi/min!mg protein. Bars represent mean ± SEM. of three independent experiments 

done in triplicate. * AMP hydrolysis in treated-group significantly different from control 

group (P < 0,01, Student's t-test). 

Figure 2. Dose-response curve for activation of ecto-5'-nucleotidase by T3• After 

confluence, C6 cells were treated with 0.01, 0.05, 0.10, 0.25, 0,50 and 1.0 nM of T3 for 72 

h and incubated with 2 mM o f AMP for 1 O min as described in Materiais and Methods. 

Specific activities values are expressed as nmol Pilmin!mg protein. Data represents mean ± 

SEM obtained from three independent experiments with triplicate determinations. The data 

were fitted in a sigmoid dose-response curve by PRISM V 2.0 (GraphPad). 

Figure 3. Effect of T3 treatment on expression of ecto-nudeotidases in C6 glioma cells 

analyzed by RT-PCR. Monolayers of C6 cells were maintained in culture media without 

serum ( control) or were exposed to T 3 50 nM for 3 days without medi um changes 24 h before 

total RNA extraction. Total RNA was extracted with Trizol and analyzed using primers for 
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CD39 (ATPDase) and CD73 (5' -nucleotidase). The PCR products were separated on a 1,5% 

agarose gel. As a control for cDNA synthesis, 13-actin-PCR was perfonned. 
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