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SUMMARYY FOR THE UNINITIATED 

Thiss thesis describes the results of our investigations regarding the synthesis of one of 

thee precursors for RNA (ribonucleic acid) and DNA (deoxyribonucleic acid) in leuke-

micc cells obtained from children and adults suffering from acute lymphocytic leukemia 

(ALL)) and acute myeloid leukemia (AML). RNA is an essential component of every cell 

andd is responsible for the translation of DNA into proteins. DNA is the predominant 

componentt of chromosomes, containing the genetic "database" of an organism. Three 

typess of RNA are involved in the synthesis of proteins: messenger RNA (mRNA), trans-

ferr RNA (tRNA) and ribosomal RNA (rRNA). The coding parts of a gene (= small part 

off DNA containing the genetic code for one protein) are transcribed into mRNA, which 

willl subsequently be the basis for the translation of the gene into a protein. Every cell 

containss four types of precursors for RNA, that are called ribonucleotides: ATP, GTP, UTP 

andd CTP. These ribonucleotides are also precursors for the synthesis of DNA. In gener-

all it has been observed in non-proliferating cells that the concentration of CTP is the 

lowestt as compared with the other three types of ribonucleotides. One can assume 

thatt in non-proliferating cells the concentration of CTP is the limiting factor for the syn-

thesiss of RNA (and DNA) and thus, for the synthesis of proteins, that are required by 

everyy cell. In malignant and therefore proliferating cells it has been shown that the con-

centrationn of CTP is higher than in non-proliferating cells of the same kind of tissue. 

Furthermore,, the increase in CTP concentration in tumour cells is considerably higher 

ass compared to the increase of the other three types of ribonucleotides. Therefore, one 

couldd say that the "bottle neck" of the RNA synthesis as observed in non-proliferating 

cellss is "removed" in proliferating cells. This "removal of the bottle neck" might result 

inn a facilitation of the synthesis of RNA and DNA. 

Inn previous studies a high concentration of CTP has been observed in leukemic cel-

lss obtained from children suffering from ALL as compared to non-malignant and non-

proliferatingg lymphoid cells. Three main metabolic pathways may contribute to the syn-

thesiss of CTP. The first two pathways culminate in the formation of CTP from UTP. This 

formationn is catalyzed by the enzyme CTP synthetase. The third pathway consists of 

thee phosphorylation of cytidine via 3 steps into CTP. Previous investigations have 

shownn that the first two pathways (via CTP synthetase) are the preferential pathways 

forr the synthesis of CTP in many kinds of tumour. Therefore, in these tumour cells a 

highh activity of CTP synthetase has been observed. Non-malignant cells predominant-

lyy use the third pathway for the synthesis of CTP. 

Thee primary aim of our investigations was to determine the activity of CTP synthe-
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tasee in leukemie cells obtained from patients. A high activity of CTP synthetase would 

confirmm the hypothesis that CTP is predominantly synthesized via the first pathways in 

thesee cells. Selective inhibition of the step shared by these pathways, by treating leu-

kemicc cells in vitro with an inhibitor of CTP synthetase would lead to a decreased con-

centrationn of CTP. As a consequence, by treating the leukemic cells with an inhibitor of 

CTPP synthetase, a cytostatic (= cellgrowth inhibiting) or cytotoxic (= cell death indu-

cing)) effect can be expected. Cyclopentenyl cytosine (CPEC) is such an inhibitor of CTP 

synthetasee that has proved to have cytostatic properties on leukemic cell-lines. 

Moreover,, it was shown in a colon carcinoma cell-line that CPEC may increase the cyto-

toxicityy of araC, which is a chemotherapeutic drug that is being used since 30 years for 

thee treatment of ALL and AML 

Thee investigations were performed on samples of 120 children and 15 adults suffering 

fromm either ALL or AML. The first conclusion of the studies is that a high activity of CTP 

synthetasee is present in leukemic cells of patients with ALL and AML. Furthermore, a 

correlationn has been observed between the (high) activity of the enzyme CTP synthe-

tasee and the (high) concentration of the ribonucleotide CTP. 

Basedd on these findings, leukemic cells were treated in our laboratory with CPEC. 

Fromm these investigations it can be concluded that CPEC is indeed capable to inhibit 

CTPP synthetase in the leukemic cells resulting in a diminished synthesis of CTP and 

deoxyCTPP (= precursor for DNA) and a decreased synthesis of DNA. The latter obser-

vationn is of special relevance because tumour cells require a sufficient synthesis of DNA 

forr the process of cell replication that is inherent of a tumour cell. By inhibiting the syn-

thesiss of DNA the cellular growth is therefore also inhibited. Moreover, the investiga-

tionss have shown that CPEC is also capable of inducing a process of cell death, known 

ass "apoptosis". 

AA next phase of the investigations concerned the modulation by CPEC of the cyto-

toxicc effects of araC. Indeed, the metabolism of araC could be altered by CPEC in sam-

pless of patients with ALL and AML and samples of myeloid and lymphocytic leukemic 

cell-lines.. This modulation resulted in an increased formation of active araC metaboli-

tess and an increased incorporation of araC into DNA, with as a consequence an incre-

asedd cytotoxicity of araC. 

CPECC is a chemotherapeutic drug that is still in the stage of preclinical development. 

CPECC has been studied in only one phase I clinical trial among adults suffering from 

colonn cancer. This trial showed cardiovascular toxicity occurring when using the higher 
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dosess of the drug. These toxicity data were taken into account with our experiments, 

andd lower concentrations of CPEC were used as compared with the plasma concen-

trationss that were associated with toxicity in vivo. Even these lower concentrations of 

CPECC proved in vitro to have cytostatic effects and to improve the metabolic activation 

off araC in the leukemic cells. We expect that these effects by CPEC may also occur in 

vivovivo using low concentrations of CPEC that will probably not result in adverse effects 

inn the patient. 

Ourr results provide strong arguments for a clinical application of CPEC in order to 

improvee the treatment of patients with (relapsed) ALL and AML 
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