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SUMMARY Y 

Cyclopentenyll cytosine (CPEC) is a nucleoside-analogue that decreases the concen-

trationss of cytidine triphosphate (CTP) and deoxycytidine triphosphate (dCTP) in leu-

kemicc cells by inhibiting the enzyme CTP synthetase, resulting in a decreased synthe-

siss of RNA and DNA. Low concentrations of dCTP facilitate the phosphorylation of 1 -li-D 

arabinofuranosyll cytosine (araC) and the incorporation of arabinofuranosyl cytosine 

triphosphatee (araCTP) into DNA. Apoptosis and necrosis were analyzed by flowcyto-

metricc detection of fluorescence-labeled Annexin Vina human T-lymphoblastic MOLT-

33 cell-line after incubations with CPEC and/or araC. CPEC induced apoptosis and 

necrosiss in a concentration- (50-300 nM) and time-dependent (8-16h) way. The 

observedd necrosis proved to be secondary to apoptosis as the caspase inhibitor 

benzyloxycarbonyl-Val-Ala-Asp-fluoromethylketonee (zVAD-fmk) completely blocked 

thee CPEC-induced apoptosis and necrosis. Coincubation of various concentrations of 

CPECC and araC for 16h showed a significant additive effect on the occurrence of apop-

tosiss and (secondary) necrosis. In contrast, a preincubation with 37.5 nM of CPEC for 

24h,, which by itself caused only minor apoptosis (4%), followed by a coincubation for 

16hh with 62.5 nM of araC (7% of apoptotic cells), showed a synergistic effect on the 

inductionn of apoptosis , p<0.001). Growth-inhibition experiments with CPEC and 

araCC under various conditions showed an additive effect on the araC-induced growth-

inhibitionn after 48h. Our results indicate that the cytotoxicity of araC can be increased 

inn T-lymphoblasts by CPEC. 
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INTRODUCTION N 

Cytarabinee (1-R-D arabinofuranosyl cytosine, AraC) is a nucleoside analogue that is 

beingg used in the treatment protocols for AML, precursor-B-ALL and T-ALL (1,2). The 

cytotoxicc effect of araC depends on several intracellular mechanisms: araC is metabo-

lizedd into araCTP (arabinofuranosyl cytosine triphosphate) by three consecutive phos-

phorylatingg steps, catalyzed by the enzymes deoxycytidine kinase (dCK), nucleoside 

monophosphatee kinase (NMP kinase) and nucleoside diphosphate kinase (NDP kina-

se),, respectively (Figure 1). AraCTP is subsequently incorporated into DNA as a deoxy-

nucleotide-analogue,, where it exerts it's cytotoxic properties by inhibiting DNA replica-

tionn (3,4). The phosphorylation of araC into araCTP can be counteracted by the 

enzymee (deoxy)cytidine deaminase which converts araC into arabinofuranosyl uracil 

(araLI),, deoxycytidine monophosphate (dCMP) deaminase converting araCMP into 

arabinofuranosyll uracil monophosphate (araUMP) and by phosphatases, that degrade 

nucleotidess (Figure 1). 
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FigureFigure  7; Scheme  representing  the intracellular  araC metabolism.  The interrupted  lines  repre-

sentsent  the inhibitory  effects  ofdCTP  on dCK dCK  (1) and the competition  ofdCTP  and araCTP for  DNA-

polymerasepolymerase  (2). NMP kinase  (3) and NDP kinase  (4) catalyze  the second  and third  phosphory-

lationlation  step  ofaraC.  Phosphatases  (5), deoxycytidine  deaminase  (6) anddCMP  deaminase  (7) are 

cataboliccatabolic  enzymes  of  the araC metabolism. 

Inn patients with acute leukemia, in vitro resistance to araC has been correlated with 

ann adverse clinical outcome (5). Various mechanisms of resistance have been postu-

latedd among which an increased hepatic and intraleukemic deaminating activity (6), a 

decreasedd dCK activity (7,8), a decreased formation or retention of araCTP (2,7-9) and 

aa decreased incorporation of araCTP into DNA (3). A high mRNA expression of dCK 
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hass been observed in T-lymphoblastic cell-lines (10), and may contribute to the high 

concentrationn of araCTP detected in non-resistant T-lymphoblasts (11). dCK activity is 

inhibitedd by deoxycytidine triphosphate(dCTP) (12,13), which can be either synthesi-

zedd via the salvage pathway of deoxycytidine or can be indirectly synthesized from 

cytidinee triphosphate (CTP, Figure 2). High concentrations of dCTP (14) and CTP (15) 

havee been observed in human leukemic cells, that can be correlated to a high activity 

off the enzyme CTP synthetase (16) which is responsible for the conversion of uridine 

triphosphatee (UTP) into CTP (figure 2). Cyclopentenyl cytosine (CPEC) is capable of 

inhibitingg CTP synthetase and has been under (pre)clinical investigations. CPEC pro-

vedd to deplete the CTP and dCTP pools in several cell-lines of solid tumors and hema-

tologicc malignancies (17-20), which was accompanied by a decreased synthesis of 

DNAA and RNA (18-20). Furthermore, we have shown that CPEC depletes the CTP and 

dCTPP pools in vitro in leukemic cells obtained from children with ALL (16). Thus, by 

decreasingg the dCTP concentration via inhibition of CTP synthetase, not only the 

phosphorylationn of araC would be facilitated, but also the incorporation of araCTP into 

DNA,, as dCTP and araCTP compete as a substrate for DNA polymerase (21). 
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FigureFigure  2: A schematic  overview  of  pyrimidine  de novo  synthesis  and salvage  pathways. 

GlutamineGlutamine  can be metabolized  via  several  steps  into  UMP, which  in  turn  can be phosphoryla-

tedted  to  UDP and UTP. CTP synthetase  (1) catalyzes  the conversion  of  UTP into  CTP. CTP can also 

bebe synthesized  by the salvage  pathway  of  cytidine  which  is  phosphorylated  into  CTP by three 

consecutiveconsecutive  steps,  catalyzed  by uridine/cytidine  kinase  (5), NMP kinase  (3) and NDP kinase  (4). 

TheThe right  trunk  represents  the deoxycytidine  salvage  pathway,  where  deoxycytidine  is  phos-

phorylatedphorylated  into  dCTP by dCK (2), NMP kinase  (3) and NDP kinase  (4). The conversion  of 

(deoxy)cytidine(deoxy)cytidine  into  (deoxy)uridine  (nr.  6) is  catalyzed  by (deoxy)cytidine  deaminase.  (d)CMP 

deaminasedeaminase  (nr.  7) converts  (d)CMP into  (d)UMP. 
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Thee cytotoxic effects of many antimetabolites cumulate in a process of apoptosis, 

whichh has also been described for araC in leukemic cells (22). T-lymphoblasts are also 

sensitivee to apoptosis-inducing agents (23,24), including nucleoside-analogues like 

araCC (24). In the present study, we describe the effect of CPEC on the induction of 

apoptosiss in a MOLT-3 T-lymphoblastic cell-line. Furthermore, we hypothesized that by 

facilitatingg the phosphorylation of araC and the incorporation of araCTP into DNA by 

creatingg a depletion of dCTP after treating the cells with CPEC, the process of araC-

inducedd apoptosis could be increased. 

Wee chose a T-lymphoblastic cell-line model for our hypothesis, because dCK seems 

too be involved in araC resistance in T-ALL (10). Moreover, children with T-ALL had a 

moderatee prognosis (25), and although it has improved during the past 5-10 years 

(25),, it still needs further amelioration. 

MATERIALL AND METHODS 

Chemical s s 

Alll chemicals were of analytical grade. CPEC was kindly provided by the Drug Synthesis 

&& Chemistry Branch, Developmental Therapeutics Program, Division of Cancer 

Treatment,, National Cancer Institute, Bethesda (Maryland), U.S.A. Arabinofuranosyl 

cytosine,, CTP and dCTP were obtained from Sigma-Aldrich Chemie, Zwijndrecht, The 

Netherlands. . 

Celll  cultur e 

MOLT-33 is a human T-lymphoblastic cell-line and the MOLT-3 cells were used in loga-

rithmicc growth for the incubation experiments. The cells were cultured in DMEM-Nut 

F122 culture medium containing 10% fetal bovine serum, 100 lU/ml penicilline, 100 

ug/mll streptomycine, 200 ug/ml gentamycine, 0.125 ug/ml amphotericin B and 2 mM 

glutamine.. Cells were cultured in T75 flasks at an initial cell density of 0.3 * 10^ 

cells/mll in humidified air containing o CO2 at . The incubation experiments 

weree performed with various concentrations of CPEC and araC, using a 750 uM stock 

solutionn of CPEC and a 10 uM stock solution of araC in o NaCl, respectively. During 

thee first experiments for the analysis of apoptosis and necrosis the incubation times 

weree varied, after which the standard incubation time of 16h was chosen (unless spe-
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cifiedd differently in the "Results" section). A mature B-lymphoblastic RAMOS cell-line, 

treatedd with a final concentration of 10 uM dexamethasone, was used as a positive 

controll for the detection of apoptosis and necrosis. 

Incubationn experiments with araC or CPEC were also performed on MOLT-3 cells 

thatt were pretreated for Ih with 100 uM of benzyloxycarbonyl-Val-Ala-Asp-fluoro-

methylketonee (zVAD-fmk), which is a broad spectrum caspase inhibitor (26). ZVAD-

fmkk is thus an inhibitor of apoptosis and of necrosis secondary to apoptosis. 

Thee immunophenotype of the MOLT-3 cells was analyzed by flowcytometry 

(FACScalibur,, Beckton-Dickinson, San José, CA, USA) using fluorescence-labeled 

monoclonall antibodies directed against the membranic expression of CD 1, CD3, CD4, 

CD5,, CD8, CD25 and CD34. Intracellular expression of terminal deoxynucleotidyl trans-

ferasee (TdT) was analyzed by a fluorescence-labeled monoclonal antibody after a lysis 

stepp using FACS Lysing Solution (Beckton-Dickinson, San José, CA, USA). 

Inhibitio nn of cell-proliferatio n 

Inhibitionn of proliferation of the Molt-3 cells by CPEC and/or araC was analyzed by 

measuringg the cell counts after 24, 48 and 72h. Cells were counted with a Coulter 

Counterr ZF cellcounter, in isoton solution, which contained 3.3 * 10~5 % (v/v) Triton 

X-1000 and 6.7 * 10~3 % (w/v) saponine. Viability was assessed by the trypan blue 

exclusionn test. Each drug concentration was tested in duplicate, samples of each cul-

turee flask were taken in duplicate and counted thrice. 

Detectio nn of apoptoti c and necroti c cell s 

Apoptosiss and necrosis were assessed by flowcytometry by using FITC-labeled-Annexin 

VV and propidium iodide (27) using the APOPTEST-FITC Kit (Nexins Res., The 

Netherlands),, with some modifications to the manufacturer's APOPTEST-FITC protocol 

(A-700):: 12.5 ul instead of 5 ul of 10-fold diluted Annexin V-FITC stock solution was 

addedd to a cell suspension containing 500.000 cells in 500 pi of 10-fold diluted bin-

dingg buffer (APOPTEST-FITC), after which the cell suspension was kept at , for 10 

min,, and shedded from the light. Subsequently, 12.5 ul of a 0.1 mg/ml propidium 

iodidee stock solution was added to this cell suspension, which was then analyzed by 

FACS.. Detection of fluorescence was performed using the channels 1 0 nm) 

andd 3 (>620 nm), respectively. 
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(Deoxy)ribonucleotid ee extractio n and analysi s 

Thee samples were harvested, centrifuged (200 * g, 7 min, ) and washed with PBS 

containingg 5 mM glucose. The (deoxy)-ribonucleotides were extracted by adding 150 

ull of ice-cold 0.4 N perchloric acid to a cell pellet (11000 * g, , 7 sec) of 5-10 * 

1066 cells for ribonucleotides and of 40-50 * 106 cells for deoxyribonucleotides, 

respectively.. After 10 minutes at C this suspension was centrifuged (11000 * g, , 

55 min) after which the nucleotide containing supernatant was discarded and neutrali-

zedd with 7.5 ul of 5.0 M K2CO3 and stored at . The protein content of the cell 

pelletss obtained after the perchloric acid extraction was measured according to Smith 

ett al. (28), using human albumin as the standard. Prior to the analysis of the ribonu-

cleotides,, the extracts were thawed and centrifuged for 5 minutes at 11.000 g, , 

afterr which the supernatants were injected into an anionic-exchange HPLC system as 

describedd previously (30). The elution conditions were as follows: after having equili-

bratedd the column with 100% buffer A (9 mM NH4H2P04) pH 3.50) for 10 min, the 

runn started with 100% buffer A for 2 min, after which a linear gradient was started to 

reachh 80% buffer B (325 mM NH4H2P04 , 500 mM KCI, pH 4.70) after 25 min, fol-

lowedd by a change to 90% B in 10 min. After maintaining the conditions at 90% B for 

100 min, the gradient was changed to 100% A in 1 min, which was kept for 10 min. 

Absorptionn was measured at a wavelength of 280 nm. 

Forr the analysis of the deoxyribonucleotide concentrations the neutralized extracts 

weree treated as described by Garrett and Santi (30) with some modifications. 125 pi 

off the cell extract was incubated with 5 pi 0.5 M Nal04 and 7 pi 3.8 M methylamine 

att C for 30 min, after which 2 pi of 834 mM rhamnose was added. Subsequently, 

thee samples were injected immediately on the same HPLC-system (29), using the 

samee elution conditions as described above. Response factors were calculated using 

ann external standard containing the various (deoxy)ribonucleotides. 

Statistic s s 

Thee differences in percentages of apoptosis and necrosis and the differences in 

growth-inhibitionn of Molt-3 cells treated with various concentrations of araC and-/or 

CPECC were analyzed by the t-test for paired samples, using the Statistical Package for 

thee Social Sciences (SPSS 6.0.1 version). A p-value < 0.05 was considered as statisti-

callyy significant. 
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RESULTS S 

Molt- 33 characteristic s 

Thee immunophenotype of MOLT-3 as determined by standard flowcytometry expres-

sedd CD1, CD4, CD5 and CD8, whereas TdT expression was low (20%). CD3, CD25 

andd CD34 were hardly expressed on the cell surface. The MOLT-3 cells have a dou-

blingg time of approximately 24h, showing an exponential growth at cell concentrations 

betweenn 0.1 - 1.8 * 106 cells/ml. In untreated MOLT-3 cells no spontaneous apopto-

siss could be detected, while the percentage of necrotic cells was  3%. The concen-

trationss of CTP and dCTP in untreated cells are approximately 4.9 and 0.2 pmol/ug 

protein,, respectively. 

1000 200 300 400 500 600 700 800 

[CPEC]] (nM) 
100 15 20 25 

TIMEE OF INCUBATION (hrs) 

FigureFigure  3: Effect  of  increasing  concentration  (panel  A, 24h incubation)  and incubation-time 

(panel(panel  B, 400 nM) of  CPEC on the concentrations  of  CTP (squares),  dCTP (triangles)  and UTP 

(crosses). (crosses). 
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Thee effec t of CPEC on CTP and dCTP concentration s 

Withh increasing concentrations of CPEC from 50 to 800 nM (n=2) we observed a 

progressivee decline in the concentrations of CTP and dCTP measured after 24h (Figure 

3A).. 50 nM of CPEC induced a depletion of CTP and dCTP by 45% and 67%, respec-

tively.. A time-dependency in the CTP- and dCTP-depleting effect of CPEC was obser-

vedd when incubating Molt-3 cells forr 2,4,6 and 24h with 400 nM of CPEC (Figure 3B). 
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FigureFigure  4: Effect  of  increasing  concentrations  of  CPEC (panel  A) and araC (panel  B) on the occur-

rencerence  of  apoptosis,  necrosis  and total  of  apoptosis  and necrosis  cumulatively.  The increase  in 

apoptoticapoptotic  cells  after  16h is  significant  between  each successive  concentration  for  the range  of 

50-20050-200 nM of  CPEC and 31-125 nM of  araC. 
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Thee inductio n of apoptosi s and necrosi s by CPEC 
andd araC 

Bothh CPEC and araC induced apoptosis and necrosis in a concentration-dependent 

mannerr (Figure 4) using submicromolar concentrations. A time-dependency in the pro-

cesss of apoptosis and necrosis was observed between 8 and 24h when using 200 nM 

off CPEC with an optimal detection of the percentages of apoptotic (20%) and necro-

ticc (23%) cells after 16h of incubation. To determine whether the observed necrosis 

wass secondary to the process of apoptosis, the cells were pretreated with 100 uM of 

zVADD for lh, followed by an incubation with 100 nM of CPEC and 62.5 nM of araC 

respectively.. Both drugs at these concentrations proved to induce apoptosis and necro-

siss in the absence of zVAD, but these phenomenons could not be observed anymore 

inn the presence of zVAD (n=2). These obervations prove that the necrosis that was obser-

vedd in our experiments with CPEC and araC was secondary to the process of apoptosis. 

A A 

DRUGG CONCENTRATION 

1000 NMCPEC(N=9) 

31,255 NMARA-C(N=10) 

31,255 NM ARA-C+100 NM CPEC (N-5) 

62,55 NM ARA-C (N=14) 

62.5NMM ARA-C+100 NM CPEC (N=8) 

1255 NM ARA-C (N=8) 
1255 NM ARA-C+100 NM CPEC (N=5) 

APOPTOSISS {MEAN 

9%%  6% 

2%  1% 

12%%  10% 

40/00 + 2 % 

15%% % 

8%%  4% 
17%%  10% 

SD) ) NECROSISS (MEAN-SD) 

9%%  6% 

3%%  2% 
8%%  3% 

8%%  4% 

15%% % 

12%% + 5% 
19%% % 

B B 

DRUGG CONCENTRATION 

62,55 NM ARA-C (N=14) 

25NMCPEC(N=11) ) 

255 NM CPEC+62,5 NM ARA-C (N=l 1) 

500 NM CPEC (N=4) 
500 NM CPEC+62,5 NM ARA-C (N=4) 

1000 NM CPEC (N=9) 

1000 NM CPEC+62,5 NM ARA-C (N=8) 

2000 NM CPEC (N=4) 
2000 NM CPEC+62,5 NM ARA-C (N=4) 

APOPTOSIS S 

4%% + 2% 

0%%  0% 
4%  1% 

2%%  3% 

5%%  2% 

9%% + 6% 
15%% % 

18%% % 

19%% % 

NECROSIS S 

8%%  4% 

0%%  0% 
11%  2% 

3%%  6% 

8%%  2% 

9%%  6% 
15%  5% 

32%%  6% 

33%%  5% 

TableTable  1: Co-incubation  with  CPEC and araC for  16h. A:  Cells  were treated  with  a constant  con-

centrationcentration  of  100 nM CPEC and concentrations  of  araC, ranging  from  31.25 nM to 125 nM. B: 

CellsCells  were exposed  to  a concentration  of  62.5 nM araC in  combination  with  concentrations  of 

CPEC,CPEC, ranging  from  25 nM to 200 nM. 
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Coincubatio nn of CPEC and araC and the inductio n of 
apoptosi ss  and necrosi s 

Variouss concentrations of CPEC and araC were used in coincubation experiments. In 

thee presence of 100 nM CPEC, and varying the concentrations of araC, an additive 

effectt was observed for each concentration tested (table 1A). The cytotoxicity of 125 

nMM araC was comparable to the percentage of apoptotic and necrotic cells observed 

withh 31.25 nM araC and 100 nM CPEC. Thus, by using CPEC the concentration of araC 

couldd be reduced 4-fold to obtain a comparable cytotoxic effect as in experiments with 

araCC alone. When using a fixed concentration of araC and varying the concentrations 

off CPEC, an additive effect on the induction of apoptosis and necrosis was also obser-

vedd (Table 1 B). 

30% % 

££ 25% 
CO O 

55 5 
QQ 20% 
o£ o£ 
O O 
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SS 15% 
to o 
V) V) 
OO 10% 
Q. . 
O O 
CLL 5% 
< < 

0% % 

HH apoptosis 
aa necrosis 

 total 
n=11 1 

n=11 1 

255 nM CPEC 62,5 nM ara-C co-treatmer t pre-treatmer t 

FigureFigure  5: Detection  of  apoptosis,  necrosis  and sum  of  apoptosis  and necrosis  after  16h of  incu-

bationbation  with  CPEC only  (25nM, far  left),  araC only  (62.5 nM, middle  left),  CPEC and araC (co-tre-

atment,atment,  middle  right)  and CPEC and araC that  was preceded  by a 24h preincubation  with  CPEC 

(pre-treatment,(pre-treatment,  far  right)  showing  a significant  increase  in  apoptosis  and necrosis  (p<0.005) in 

thethe  pre-treated  cells  as compared  with  the co-treated  cells. 

Thee effect of araC-induced apoptosis was further studied by comparing the results 

off simultaneous addition of CPEC (25 nM) and araC (62.5 nM) (coincubation) with a 

preincubationn of CPEC for 24h, followed by the addition of araC for 16h (pre/coincu-

bation).. While 25 nM of CPEC (depleting the CTP concentration by 35% after 24h) 

hardlyy induced any apoptosis by itself the simultaneous combination of CPEC and araC 
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(coincubation)) resulted in a cumulative percentage of apoptosis and secondary necro-

siss of . In contrast, the pre/coincubation showed a significantly (p<0.005) 

higherr cumulative percentage of apoptosis and necrosis , Figure 5). A prein-

cubationn with 37.5 nM of CPEC for 24h, which by itself did only cause minor apopto-

siss , followed by a coincubation for 16h with 62.5 nM of araC % of apop-

toticc cells), also showed a synergistic effect on the induction of apoptosis (27+4%, 

p<0.001). . 

120% % 

100% % 

sg g 
J 3 3 
g oo  40% -

 ara-C 

DCPEC C 

 co-treatmen t 

HOURS S 

FigureFigure  6: Cell  proliferation  after  treatment  with  25 nM of  CPEC and/or  4 nM of  araC for  24, 48 

andand  72h. Proliferation  is  expressed  as percentage  of  untreated  cells.  A significant  additive 

effecteffect  of  CPEC is  observed  after  48h when  comparing  the growth-inhibition  induced  by the com-

binationbination  of  both  drugs  as compared  with  the araC-induced  growth  inhibition  (p=0.002). 

Thee effec t of CPEC and araC on cel l proliferatio n 

CPECC proved to inhibit cell-proliferation at concentrations as low as 25 nM, which was 

apparentt after 48 and 72h, but not after 24h. The growth-inhibition was o and 

17+5%% after 48 and 72h, respectively as compared with the untreated cells (n=5 

experiments)) with a cell viability > 90% after 48 and 72h. At CPEC concentrations 

abovee 50 nM cellular growth was completely arrested after 24h onwards, and the cell 

viabilityy (89% after 48h of CPEC 50 nM) decreased concentration-wise (n=2 experi-

ments).. With respect to araC, proliferation was inhibited after 48 and 72h when using 

concentrationss as low as 2 nM. Growth completely stagnated and cell viability (82% 

afterr 48h of araC 16 nM) decreased further when using araC concentrations > 16 nM 

(n=2).. The simultaneous addition of 25 nM CPEC o growth inhibition after 
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48h)) and 4 nM araC ) showed a significant additive effect ) on 

cellularr growth inhibition (Figure 6, n=5). When using CPEC with varying concentra-

tionss and lengths of preincubation time before the addition of araC, an additive effect 

couldd be observed after 48h in terms of inhibition of cell proliferation. For example, a 

24h-preincubationn with CPEC 25 nM, followed by a coincubation for another 48h of 

CPECC (16% growth-inhibition after 48h) and araC 4 nM (16% growth-inhibition after 

48h),, showed an additive effect on growth-inhibition (37% growth-inhibition after 

48h).. Similarly, preincubation of the cells with higher concentrations of CPEC (150 nM) 

forr a shorter time period (4h) followed by incubation of the cells with only araC (4 nM) 

forr 48h also produced an additive effect. 

DISCUSSION N 

Thee rationale behind our study was to investigate whether the depletion of the in-

tracellularr pools of CTP and dCTP, leading to an increased phosphorylation of araC and 

ann increased incorporation of araCTP into DNA, would result in an increased cytotoxi-

cityy of araC in this "["-lymphoblastic leukemic cell-line. We studied this modulation of 

araCC cytotoxicity by CPEC through the analysis of apoptosis, secondary necrosis and 

growth-inhibitionn at various concentrations of CPEC and araC, with the concomitant 

determinationn of the concentrations of CTP and dCTP. 

Bothh CPEC and araC proved to induce apoptosis and necrosis in our MOLT-3 cell-

line.. The necrosis that was observed in our experiments was secondary to the process 

off apoptosis, because both the apoptosis and necrosis could be completely inhibited 

byy a preincubation with ZVAD. This compound is an inhibitor of the caspase cascade 

(26)) that is part of the apoptotic effector mechanisms. 

Byy treating the MOLT-3 cells simultaneously with CPEC and araC, an additive effect 

onn the process of apoptosis and secondary necrosis was obtained as compared with 

thee araC-induced apoptosis and necrosis. This proved to be the case for various con-

centrationss of CPEC and araC A preincubation with CPEC, followed by a coincubation 

withh CPEC and araC, showed a synergistic increase in terms of apoptosis and secon-

daryy necrosis as compared with the coincubation conditions. This difference may pro-

bablyy be explained by the observation that the CTP and dCTP-depleting effect of CPEC 

aree time-dependent (Figure 3B) and therefore some time is required before the CTP-

andd dCTP pools are sufficiently depleted by CPEC to facilitate the anabolism of araC. 

Thiss phenomenon is in line with the observation that in MOLT-3 cells a preincubation 
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withh CPEC for 2h significantly increased the formation of araC nucleotides (especially 

araCMP)) and the incorporation of araCTP into DNA (Verschuur ef al., submitted). 

Off special interest is our observation that by treating cells with a concentration of 

CPECC as low as 25 nM, depleting the CTP concentration by 35% after 24h, hardly any 

apoptosiss or necrosis was detected, whereas this low concentration of CPEC produced 

aa synergistic effect with araC in terms of apoptosis and necrosis when added 24h pri-

orr to the administration of araC. 

Inn terms of proliferation, an additive effect of CPEC was observed on the araC-indu-

cedd growth-inhibition after 48h, which was independent of the timing of CPEC addi-

tion.. In other words, a preincubation with CPEC under various conditions, did not show 

aa synergistic effect in terms of growth-inhibition measured after 48h. In contrast, on a 

shorterr time frame (16h) a synergistic effect of CPEC and araC was observed in terms 

off cytotoxicity (apoptosis and necrosis) and hence growth-inhibition. The synergistic 

effectt on growth-inhibition observed after 16h and the observed additive effect of 

CPECC and araC on the cellular growth-inhibition after 48h indicate that the timing of 

thee drug combination is essential in order to obtain a synergistic cytostatic and cyto-

toxicc effect. 

Severall consequences may arise from the results of our experiments. First, the fact 

thatt CPEC induces apoptosis and secondary necrosis, creates a new insight into the 

cytotoxicc properties of this nucleoside analogue. The CTP- and dCTP-depleting effect 

off CPEC on lymphocytic leukemic cell-lines has been reported previously (17-20) lea-

dingg to a decreased RNA- and DNA-synthesis. How these mechanisms are related to 

thee process of apoptosis is unknown, but clearly the appearance of apoptotic cells 

occurss later (8-16h) compared to the depletion of CTP and dCTP (l-6h) (data not 

shown).. Second, the synergistic effect of CPEC on the araC-induced apoptosis and 

necrosis,, provides firm evidence that the cytotoxicity of araC can be increased by a 

preincubationn with CPEC. Third, the combination of CPEC and araC has a stronger cyto-

staticc effect as compared with the araC-induced growth-inhibition in T-lymphoblasts. 

Thesee observations may have several clinical implications: in the case of araC-refrac-

toryy or resistant lymphoblasts it will probably be beneficial to increase the cytotoxicity 

off araC by means of CPEC. Furthermore, the combination of CPEC and araC may pre-

ventt the development of multi-drug resistance, as both drugs have different modes of 

action.. Finally, anotherr clinical implication may be the reduction of the applied dose of 

araCC in order to reduce the host toxicity, while maintaining at least a comparable anti-

leukemicc effect. This has been studied in an in vivo modell in mice suffering from leu-

kemiaa where pre-/coincubation experiments with CPEC and a palmitoyl derivative of 
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araCC were performed. The intermediate and lower doses of araC could be reduced 2-

foldd when the mice were pretreated with CPEC resulting in a slight increase in the num-

berr of long-term survivors amongst the CPEC-treated mice (31). However, the anti-

tumorr effect caused by the maximal tolerated dose of palmitoyl-araC was comparable 

too the reduction of tumor-burden with the maximally tolerated combination of palmi-

toyl-araCC and CPEC. This observation suggests that the modulation of the cytotoxicity 

off araC by CPEC has only a benefit in vivo in mice when CPEC is used in combination 

withh the intermediate or low doses of araC. 

CPECC has been studied in a phase I clinical trial in adults with colon carcinoma 

showingg severe cardiovascular toxicity at higher steady state plasma concentrations 

(>> 1.5 uM) (32). The hematological toxicity was minor at steady-state plasma con-

centrationss of < 1.5 uM, but increased to moderate toxicity at higher concentrations. 

Wee have shown by in vitro experiments on samples of patients suffering from (T)-ALL 

thatt CPEC at a concentration of 0.63 uM caused a significant depletion of CTP and 

dCTPP (15). Recently, we have shown that even lower concentrations of CPEC induce 

aa depletion of CTP and a reduction of DNA synthesis (preliminary results). 

Consequently,, CPEC may be useful in a clinical perspective either by it's own cytotoxic 

propertiess or by the araC-modulating effect, using doses of CPEC that are well bene-

athh the toxic plasma concentrations observed in the phase I trial (31). Obviously, 

furtherr (pre)clinical research is warranted to determine which clinical approach would 

bee the best and the safest 

Inn conclusion, CPEC induces apoptosis and secondary necrosis and augments 

synergisticallyy the araC-induced apoptosis and secondary necrosis in a T-lymphoblas-

ticc cell-line, which provides further arguments for the addition of CPEC to the future 

treatmentt protocols for (relapsed) T-ALL. 
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