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DISCUSSIONN AND RECOMMENDATIONS 

Inn this thesis several studies are described concerning the activity of CTP synthetase in 

leukemicc cells of lymphocytic and myeloid origin, in non-malignant human blood 

cellss and blood progenitor cells. The enzyme CTP synthetase is the rate-limiting enzy-

mee for the synthesis of CTP through the pyrimidine ribonucleotide de novo synthesis 

pathwayy and the salvage pathway of uridine. CTP synthetase plays an essential role in 

thee synthesis of RNA and as a consequence in the transcriptional and translational pro-

cessess leading to protein synthesis. Since the concentration of cytosine deoxyribonu-

cleotidess is dependent on the amount of CTP, the activity of CTP synthetase also in-

fluencess the concentration of dCTP and thus influences the balance of 

deoxyribonucleotidess required for an adequate DNA synthesis. 

Becausee of the essential role of CTP synthetase in RNA- and DNA-synthesis, the 

activityy of the enzyme has been studied in various tissues. Since the enzyme is consi-

deredd to be rate-limiting for the synthesis of CTP, via the salvage pathway of uridine 

andd pyrimidine de novo pathway, many studies have shown a relation between the 

activityy of CTP synthetase and proliferation and/or malignant transformation. 

Thee studies that are described in this thesis were mainly focused on the activity of CTP 

synthetasee in human leukemic cells. A high activity of CTP synthetase proved to be pre-

sentt in samples of children suffering from ALL or AML The high enzyme activity was 

correlatedd to the concentration of CTP in these patients' leukemic cells. In addition, 

theree proved to be an inverse correlation between the activity of CTP synthetase and 

thee UTP/CTP ratio and the purine/pyrimidine ribonucleotide ratio. In other words, the 

highh CTP synthetase activity in the leukemic cells was accompanied by a shift towards 

thee synthesis of pyrimidine ribonucleotides and especially the cytosine ribonucleotides. 

Thee high activity of CTP synthetase might therefore be an explanation for the altered 

ribonucleotidee balance, that was observed in leukemic cells. The shift in ribonucleoti-

dee concentrations in favour of the cytosine ribonucleotides concomitantly with a high 

activityy of CTP synthetase might facilitate the synthesis of RNA in leukemic cells, becau-

see in non-malignant cells the concentration of CTP is the lowest as compared with ATP, 

GTPP and UTP. 

Wee did not find any correlation between the enzyme activity and the mRNA expres-

sionn of CTP synthetase, although this was only studied in a limited number of samples. 

AA conceivable possibility would be that the activity of the enzyme is merely regulated 

att the posttranslational level, e.g. by phosphorylation of the CTP synthetase protein. 
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Thee regulatory properties of protein kinases on the activity of CTP synthetase have in-

deedd been established in yeast cells. 

Thee activity of CTP synthetase was also studied in non-malignant blood cells. A low 

too moderate enzyme activity was present in erythrocytes, granulocytes, lymphocytes 

andd monocytes as compared with the activity observed in leukemic cells, which is con-

sistentt with the fact that these mature peripheral blood cells generally spoken do not 

proliferatee (lymphocytes excluded). We were surprised to observe a high activity of CTP 

synthetasee in platelets, and the explanations for this observation have been discussed 

inn chapter 2. A three-fold increase of the activity of CTP synthetase was observed in 

stimulatedd and thus proliferating T-lymphocytes, as compared with the activity obser-

vedd in non-stimulated lymphocytes. 

AA high activity of CTP synthetase was present in non-malignant CD34+ fractions of 

humann bone marrow. Whether this high activity is related to the proliferative state of 

thesee hematopoietic cells or is related to the immature state of these bone marrow 

cellss is a question that remains to be settled, as both immaturity and proliferation are 

characteristicss of CD34+ bone marrow cells. 

Thee high activity of CTP synthetase in leukemic cells obtained from patients prompted 

uss to study the effect of the nucleoside analogue CPEC, an inhibitor of CTP syntheta-

se.. CPEC proved to inhibit CTP synthetase in a T-lymphoblastic and a myeloid leuke-

micc cell-line, leading to decreased concentrations of CTP and dCTP and as a conse-

quence,, a decreased DNA-synthesis and growth-inhibition in these cells. Furthermore, 

thee pools of CTP and dCTP in leukemic cells isolated from patients were depleted by 

incubatingg these blasts in vitro with CPEC. A correlation was observed between the acti-

vityy of CTP synthetase and the extent of CTP depletion, after incubating the patients' 

leukemicc cells with CPEC. These observations indicate that, in vitro, these leukemic 

cellss are capable of incorporating CPEC into the cell, phosphorylate CPEC to it's active 

compoundd CPEC-TP which subsequently inhibits CTP synthetase in situ. The inhibition 

off CTP synthetase was clearly demonstrated in situ by the decreased amount of radio-

labelledd synthesized from radio-labelled uridine. Moreover, by treating the leukemic 

cellss with CPEC, the imbalance of ribonucleotide concentrations could be partially res-

tored,, almost resembling those of non-malignant mature blood cells. In addition, a 

majorr reduction of DNA-synthesis was observed in vitro by incubating the leukemic 

cellss of patients with concentrations of CPEC in the submicromolar range (0.63 uM). 

Thiss observation indicates that CPEC has in vitro cytostatic properties on leukemic 

cellss of patients, using concentrations of CPEC that are three-fold lower than the lowest 
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steady-statee plasma concentration (1.75 uM) that was accompanied by severe toxici-

tyy in the phase I clinical trial. Even lower concentrations of CPEC than 0.63 uM could 

bee used in vivo, since in general, lymphoblasts and myeloblasts obtained from patients 

havee a decreased rate of metabolism in vitro as compared to the in vivo situation. 

Therefore,, the results observed in the patients' samples probably underestimate the 

resultss that may be obtained in vivo. CPEC may thus have an anti-leukemic effect in 

vivovivo using doses of CPEC that would cause little or no toxicity. 

AA new aspect of CPEC that has been revealed is the property of CPEC to induce apop-

tosiss and necrosis. While most previous studies have shown a cytostatic effect of CPEC, 

thee investigations on the MOLT-3 T-lymphoblastic cell-line have shown that CPEC is 

alsoo cytotoxic by inducing apoptosis and secondary necrosis in a concentration- and 

time-dependentt way. No significant role could be ascertained for CPEC on the induc-

tionn of apoptosis in samples of patients with ALL or AML, although a trend seemed to 

existt (preliminary results). Further investigations are therefore warranted. 

Majorr parts of this thesis describe the modulating effect of CPEC on the metabolism 

off araC. In both T-lymphoblastic and myeloid leukemic cell-lines, a preincubation with 

loww concentrations of CPEC (25-400 nM) caused a depletion of dCTP, which increased 

thee phosphorylation of araC. This observation is compatible with an increased activity 

off the enzyme deoxycytidine kinase due to a depletion of the dCTP pools. Moreover, 

thee incorporation of araCTP into DNA was increased by a preincubation with CPEC, 

whichh led to an enhanced inhibition of DNA synthesis. Depending on the concentra-

tionss of CPEC and araC that were used, the formation of araCTP was also increased by 

aa preincubation with CPEC. Finally, the retention of araCMP, araCTP and the incorpo-

ratedd araCTP was also enhanced by a preincubation with CPEC. These alterations in 

thee metabolism of araC, that were induced by CPEC, contribute to an increased cyto-

toxicityy of araC, since a synergistic effect was observed of CPEC and araC on the induc-

tionn of apoptosis and necrosis in samples of both lymphocytic and myeloid leukemic 

cell-lines.. This phenomenon was even observed when using low concentrations of 

CPECC (25 nM) that by itself did not induce any apoptosis or necrosis. Apparently, a 

smalll decrease in dCTP concentrations (35%) is already sufficient to increase the cyto-

toxicityy of araC. 

Inn samples of patients suffering from ALL and AML, CPEC also proved to modulate 

inin vitro the metabolism of araC First, by depleting the pools of dCTP, the activity of 

deoxycytidinee kinase was probably enhanced, which was reflected by the increased 
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phosphorylationn of araC after a preincubation with CPEC. Furthermore, especially in 

AMLL samples, CPEC favoured the incorporation of araCTP into DNA, which was even 

moree substantial when taking into account the decreased synthesis of DNA. Therefore, 

byy using low doses of CPEC, 6-12 hours prior to the administration of araC, the cyto-

toxicityy of araC can be expected to increase in vivo. 

Wee feel that there is sufficient evidence to consider the possibility of a combined phar-

macokineticc study/phase II clinical trial with CPEC in children suffering from relapsed 

ALLL and AML. Obviously, the maximum doses should be much lower than the doses 

thatt were accompanied with toxicity in the adults studied in the phase I trial. Moreover, 

preliminaryy results of in vitro studies on samples of adults with AML and ALL, indicate 

thatt these samples have a comparable or even higher sensitivity to CPEC, using sub-

micromolarr concentrations of this drug. Therefore, a phase II clinical trial combined with 

aa pharmacokinetic study may also be warranted in adults suffering from AML and ALL. 

Inn a second stage, after having obtained sufficient data about pharmacokinetics, bio-

chemicall effects, cytostatic and/or cytotoxic effects and toxicity of CPEC, a window-

studyy should be considered in a clinical trial, using CPEC prior to the administration of 

araC.. This window-study could be considered in relapsed patients but could even be 

proposedd for a protocol of newly diagnosed adult patients with AML, where araC still 

iss an essential drug. 

Severall studies concerning the enzyme CTP synthetase and it's gene expression as well 

ass the inhibition of the enzyme activity by CPEC are recommended for the future: 

1.. The regulation of the in situ enzyme activity in man has not been fully elucidated 

yet.. The absence of a correlation in ALL samples between the enzyme activity and the 

mRNAA expression of CTP synthetase indicates that posttranslational mechanisms regu-

latee the enzyme activity. A possible explanation is the observation in Saccharomyces 

cerevisiae,cerevisiae, that the activity of CTP synthetase is dependent on the extent of phospho-

rylationn of the enzyme by protein kinases. Whether this type of regulation of enzyme 

activityy also occurs in humans remains to be investigated. 

2.. Considering the human CTP synthetase enzyme, recent investigations in our labo-

ratoryy has provided evidence of the existence of a second gene encoding CTP synthe-

tase.. Therefore, the mRNA expression and the protein expression of both isoforms 

shouldd be investigated in various human non-proliferating and proliferating non-malig-

201 1 



C H A P T E RR 1 0 

nantt tissues and in human malignancies. Furthermore, the inhibitory capacities of CPEC 

onn both isozymes would be interesting to study. 

3.. Considering the clinical application of CPEC, studies are warranted to elucidate the 

cardiotoxicc mechanism of thisnucleoside-analogue. Investigations with animal-models 

andd with cell-lines of human cardiomyocytes are being considered, targeted at the 

mechanismm of cardiotoxicity as well as the possible prevention of cardiotoxicity by the 

administrationn of nucleosides or other substances. 

4.. Furthermore, the high activity of CTP synthetase in proliferating lymphocytes and 

especiallyy the inhibitory effects of CPEC on this enzyme activity may give rise to further 

investigations.. Preliminary results have shown the presence of a high activity of CTP 

synthetasee in proliferating T-lymphocytes, that could be inhibited by CPEC (unpu-

blishedd data). One could therefore hypothesize that CPEC may also have a future cli-

nicall application in the field of immunosuppressive drugs. This could lead to thera-

peuticc purposes for auto-immune diseases or in transplantation-medicine. 

5.. Finally, the role of CPEC as a potential virostatic drug has been noticed in the past, 

butt has not been extensively explored yet. 

Inn conclusion, CTP synthetase plays an important role in the pyrimidine ribonucleotide 

synthesiss of proliferating non-malignant tissues in human beings as well as in malig-

nantt cells. We have elucidated some aspects of this enzyme in human leukemic cells 

andd non-malignant blood and bone marrow cells. The inhibitory potentials of CPEC on 

thee enzyme CTP synthetase may lead to future clinical applications of this nucleoside-

analoguee for the treatment of children and adults suffering from (relapsed) ALL or AML 
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