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Summary. The in vitro inhibitory action and metabolism 
of 1-[3-D-arabinofuranosylcytosine (ara-C) on human my- 
eloid (HL-60), B-lymphoid (RPMI-8392), and T-lymphoid 
(Molt-3) leukemic cells was compared. Ara-C produced 
greater inhibitory effects in Molt-3 cells than in either 
HL-60 or RPMI-8392 cells. At a 48 h exposure, ara-C was 
7 and 10 times more cytotoxic to Molt-3 cells than to 
HL-60 and RPMI-8392 cells, respectively. The total ara-C 
uptake to nucleotides and the formation of 1-[3-D-arabino- 
furanosylcytosine 5'-triphosphate (ara-CTP) was about 
5 times greater in Molt-3 cells than in either HL-60 or 
RPMI-8392 cells. The incorporation of ara-C into DNA 
was also higher in Molt-3 cells than in either HL-60 or 
RPMI-8392 cells. The mean intracellular half-life of ara- 
CTP was 31.7, 59.4, and 155 min for RPMI-8392, HL-60, 
and Molt-3 leukemic cells, respectively. The Km and Vmax 
values of ara-C for deoxycytidine kinase and the feedback 
inhibition of this enzyme by ara-CTP in the different 
leukemic cell lines could not explain the differences in 
metabolism of this analogue in these cells. These data 
indicate that the increased sensitivity of T-lymphoid 
leukemic cells to ara-C than as compared with B-lymphoid 
and myeloid leukemic cells was due to an inreased rate of 
formation and a longer half-life of ara-CTP in the T-cells. 

Introduction 

1-~-D-Arabinofuranosylcytosine (ara-C) is one of the most 
effective agents for the treatment of acute myeloid leuke- 
mia [7, 21]. To be an active inhibitor, ara-C must first be 
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phosphorylated by the enzyme deoxycytidine kinase [14] 
and then be converted to its triphosphate form, ara-CTP 
[17]. Leukemic cells deficient in deoxycytidine kinase are 
resistant to ara-C [2, 8]. The active inhibitor in the cell is 
ara-CTP, which, after its incorporation into DNA by rep- 
licative DNA polymerase, produces a pseudo chain-termi- 
nating effect [12, 13] that results in a potent inhibition of 
DNA synthesis [3]. The repair DNA polymerase can also 
incorporate ara-CTP into DNA [10]. The incorporation of 
ara-C into DNA correlates with the lethal action of this 
analogue [11]. Cell death is probably due to the damage to 
DNA produced by the incorporation of ara-C into DNA 
and the subsequent inhibition of DNA synthesis. 

Although ara-C is a primary chemotherapeutic agent 
for the treatment of acute myeloid leukemia, it plays a 
secondary role in the treatment of acute lymphoid leuke- 
mia [4, 6]. In vitro data obtained by several investigators 
have shown that human T-lymphoid leukemic cells may be 
a good target for chemotherapy with ara-C. Ohnuma et al. 
[16] demonstrated that human T-lymphoid leukemic cells 
(Molt-3) were much more sensitive to the growth-inhibi- 
tory effects of ara-C than were several ht'.,man B-lymphoid 
leukemic cells. This observation was confirmed by Abe et 
al. [1], who also found that ara-CTP formation as well as 
the half-life of ara-CTP were much greater in the T-lym- 
phoid line than in the B-lymphoid leukemic cells. These 
investigators postulated that dephosphorylation of ara-CTP 
plays an important role in the cytotoxic action of this 
analogue. Verhoef and Fridland [20] also observed that the 
half-life of ara-CTP was greater in T- than in B-lymphoid 
leukemic cells. 

In studies on leukemic cells from patients, Wiley et al. 
[22] observed that upon incubation with ara-C, the forma- 
tion of ara-CTP was greatest in the T-cells, intermediate in 
myeloid cells, and lowest in the B-cells. These investiga- 
tors also showed that the number of nucleoside transport 
sites showed a strong correlation with the amount of ara- 
CTP formed in these cell types. In a similar study, Muus et 
al. [15] reported that the half-life of ara-CTP was longer in 
lymphoid than in myeloid leukemic cells. The present 
study compared the in vitro cytotoxic action of ara-C on 
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Fig. 1. Cytotoxicity of different con- 
centrations of ara-C for different expo- 
sure times to HL-60 myeloid, RPMI- 
8392 B-lymphoid, and Molt-3 T-lym- 
phoid leukemic cells. Cells were 
treated with the indicated concentra- 
tions of ara-C. At the time indicated 
aliquots of cells were removed and 
placed in soft agar for determination of 
colony-forming activity as described in 
Materials and methods. Ara-C concen- 
trations: 0.01 btM ([5]); 0.1 ~tM ( e ) ;  
1 btM (O); 10 gM (A). Points represent 
the means of 2 - 3  experiments carried 
out in duplicate (SE, <10%) 

human myeloid and T- and B-lymphoid leukemic cells and 
correlated it to the metabolism of this analogue to ara-CTP. 
In addition, the various mechanisms that regulate the pool 
size of ara-CTP were investigated so as to elucidate the 
biochemical events responsible for the differences in sensi- 
tivity to ara-C between the leukemic cell lines. 

Materials and methods 

Materials. Ara-C was obtained from the Upjohn Company of Canada. 
[5-3H]-Ara-C was obtained from Moravek Biochemicals Inc. (Brea, 
Calif.) and Amersham (Oakvile, Ontario). The [5-3H]-ara-C was purified 
by HPLC on a column of Spherisorb ODS C18 (5 ~tm, 0 .4•  cm; 
Chromatography Sciences, Montreal) using 1 mM potassium phosphate 
(pH 6.8) as the mobile phase. [5-3H]-Deoxycytidine and [3H-methyl]- 
thymidine were obtained from Du Pont Canada Inc. (Mississauga, On- 
tario). 

Cell culture. Human HL-60 myeloid leukemic cells were obtained from 
Dr. R. Gallo, National Cancer Institute (Bethesda, Md). Human RPMI- 
8392 B-lymphoid leukemic cells and human Molt-3 T-lymphoid 
leukemic cells were obtained from the Institute for Medical Research 
(Canden, N.J.) and American Type Tissue Culture Collection (Rockville, 
Md.). The cell lines were maintained in suspension culture in minimal 
essential medium containing non-essential amino acids (Gibco, Grand 
Island, N.Y.) and 10% heat-inactivated fetal calf serum (Flow Laborato- 
ries, Mississauga, Ontmio). The doubling time for the cell lines was 
20 24h. 

Growth and colony assay. For growth inhibition experiments, 5 ml 
leukemic cells (105/ml) were placed in a tissue-culture flask with the 
indicated concentration of ara-C. Ceil counts were made at the indicated 
times with a Model Z Coulter counter. The proliferative viability of the 
leukemic cells after exposure to ara-C was determined by cloning. At the 
termination of drug exposure, the cells were centrifuged and suspended 
in drug-free medium. An aliquot of 150-200 cells was placed in 2 ml 
0.3% soft-agar medium containing 15% serum. After incubation for 
14-16 days at 37~ in an incubator containing 5% CO2 the number of 
colonies (>500 cells) were counted. The cloning efficiency of the control 
cells was in the range of 40%-60%. 

Metabolism of ara-C. The leukemic cells (106/ml) were incubated at 
37~ in a shaker bath with 1 ~tM [5-3H]-ara-C (2 -4  ~tCi/ml) in medium 
containing 5% dialyzed fetal calf serum (Gibco). For measurement of the 
total uptake of ara-C, at the indicated times 1.25-2.5 • 105 cells were 
removed, diluted with 2 ml cold medium, and placed on 2.4-cm What- 
man GF]C glass-fiber filters. The filters were washed with 0.9% NaC1, 
dried, placed in scintillation fluid (Omnifluor, Du Pont), and assayed for 
radioactivity. For measurement of the incorporation of [5-?H]-ara-C into 
DNA, 106 cells were placed on the GF/C filter. The filters were washed 
with 0.9% NaC1, cold 5% TCA, and ethanol; after drying, they were 
placed in scintillation fluid and assayed for radioactivity. 

HPLC analysis for ara-CTP. Using the incubation conditions described 
for the metabolism of ara-C, at the indicated times aliquots containing 
2.5 x 106 cells were removed from the flask and centrifuged at 200 g for 
5 rain. The cell pellet was washed twice with 0.9% NaC1 containing 
1 mg/ml glucose, then suspended in 75 ~1 cold 5% TCA. The supernatant 
was obtained after centrifugation at 12,000 g for 15 rain; it was neutral- 
ized with 75 ~1 0.35 M TRIS base, and 1 ~tmot each of dCMP, dUMP, 
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Fig. 2. Total ara-C uptake and formation of ara-CTP in HL-60 myeloid, 
RPMI-8392 B-lymphoid, and Molt-3 T-lymphoid leukemic cells as 
a function of time. Cells were incubated with 1 btra [5-3H]-ara-C 
( 2 - 4  gCi/ml) and at the time indicated, aliquots of cells were removed 
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for determination of total uptake of ara-C and ara-CTP as described in 
Materials and methods. Molt-3 ([~); HL-60 (0 ) ;  RPMI-8392 (A). 
Points represent the means +_ SE of 6 -  8 experiments (total ara-C) or of 
2 - 3  experiments carried out in duplicate (ara-CTP) 

dCDP, and dCTP was added as a cold carrier. The sample was stored at 
-70 ~ C until assay. HPLC was performed on a column of Partisil SAX 
(10 gm, 0.4 x 25 cm; Whatman, Clifton, N.Y.) that was equilibrated with 
30 mM ammonium phosphate buffer (pH 4.0). The flow rate of the mo- 
bile phase was 1.5 ml/min. After the elution of radioactive ara-CMP as 
detected by absorbance at 254 and 280 nm, the mobile phase was 
changed to 400 mu ammonium phosphate (pH 4.0). The peak of ATP 
from each cell extract was used as an internal standard; peaks corre- 
sponding to radioactive ara-CMP, ara-CDP, and ara-CTP were collected 
in separate tubes and assayed for radioactivity in scintillation fluid 
(Aquasol II, Du Pont). 

Deoxycytidine kinase assay. The cell extract was prepared by centrifuga- 
tion of leukemic cells in log growth phase at 200 g for 5 rain and washing 
of the cell pellet in 0.9% NaC1. The cell pellet (3 x 107 cells) was sus- 
pended in 100 gl 5 mM TRIS-C1 (pH 7.4) and the cells were lysed by 
freezethawing three times. The supematant was recovered after centrifu- 
gation at 12,000 g for 15 rain. The concentration of KC1 was adjusted to 
0.1 M and the supernatant was stored at -70~ The reaction mixture 
(100 ~tl) for the enzyme assay contained 50 mM TRIS-C1 (pH 7.4), 
2.5 mM ATP, 5 mM MgC12, and 0.25 ~tCi or the indicated concentration 
of either [5-3H]-ara-C or [5-3H]-deoxycytidine. After addition of the cell 
extract (5 - 10 gl), the mixture was incubated for 30 rain at 37 ~ C, diluted 
with 3 ml cold H20, and placed on a 2.4-cm diameter DEAE-cellulose 
filter (Whatmani. Before use the filters were washed with H20, 1 ml 
0.05 N HC1, and H20. The mixture flowed through the filter by gravity to 
enable complete binding of the phosphorylated nucleosides. The filter 
was washed with 10 ml H20 and 3 ml ethanol, then dried and assayed for 
radioactivity in scintillation fluid (Omnifluor). For studies on the feed- 
back inhibition using ara-CTP or dCTP, the enzyme was purified by 
removal of nucleic acids with 5.9 mg/ml streptomycin sulfate and 
centrifugation at I2,000 g for 15 rain. Saturated ammonium sulfate solu- 
tion was added to the supernatant to a final saturation of 56%, and the 
protein precipitate obtained after centrifugation was dissolved in 50 mM 

TRIS-C1 (pH 7.4) containing 20% glycerol. The purified enzyme was 
stored at -20 ~ C. 

Deoxynucleotidase assay. The reaction mixture (100 ~tl) contained 
50 mM TRIS-C1 (pH 7.4), 5 mM MgCI2, 200 gM [3H]-dCMP or [3H]-ara- 
CMP (0.5 gCi), and 5 gl enzyme prepared as described above. After 
incubation for 30 rain at 37 ~ C, the amount of radioactive nucleotide 
bound to DEAE-cellulose filters was determined as described for the 
deoxycytidine kinase assay; 1 unit enzyme activity was defined as the 
amount of enzyme that dephosphorylates t nmol nucleotide/min under 
these experimental conditions. [3H]-Ara-CMP was synthesized enzy- 
matically from [3H]-ara-C using deoxycytidine kinase in the reaction 
mixture described above. After incubation for 40 rain at 37 ~ C, the reac- 
tion mixture was spotted on 20- x 20-cm DEAE-cellulose plates (type 
KPNS, 250 gm thick; Analtech, Newark, Del.) and thin-layer chroma- 
tography was performed in 0.03 N HC1. The band containing [3H]-ara- 
CMP was cut out, eluted with 0.1 N HC1, neutralized, and adjusted to a 
final concentration of 2 mM with cold ara-CMP. 

Results 

T h e  c y t o t o x i c i t y  e x e r t e d  b y  d i f f e r e n t  c o n c e n t r a t i o n s  o f  

a r a - C  at d i f f e r e n t  e x p o s u r e  t i m e s  o n  the  t h r e e  l e u k e m i c  ce l l  
l i nes  a re  s h o w n  in  Fig .  1. T h e  R P M I - 8 3 9 2  l e u k e m i c  cel ls  
w e r e  the  l ea s t  s e n s i t i v e  to  the  c y t o t o x i c  e f f ec t s  o f  a ra -C ,  
w h e r e a s  H L - 6 0  ce l l s  w e r e  o f  i n t e r m e d i a t e  s e n s i t i v i t y  a n d  

M o l t - 3  ce l l s  w e r e  t he  m o s t  s ens i t i ve .  T h e  c o n c e n t r a t i o n s  o f  
a r a - C  tha t  p r o d u c e d  5 0 %  ce l l  k i l l  (LCs0)  o v e r  a 4 8 - h  e x p o -  
su re  in  H L - 6 0 ,  R P M I - 8 3 9 2 ,  a n d  M o l t - 3  ce l l s  w e r e  in  the  
r a n g e  o f  0.3,  2, a n d  0 . 0 2  btM, r e s p e c t i v e l y .  T h e  M o l t - 3  
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Table 1. Intracellular pharmacokinetics of total ara-C and ara-CTP in 
human myeloid and B- and T-lymphoid leukemic cell lines 

Leukemic cell line Intracellular half-life 

Total ara-C ara-CTP 
(rain) (rain) 

HL-60 (myeloid) 66.6 • 8.9 59.4 • 
RPMI-8392 (B-lymphoid) 28.5 • 6.5 31.7 • 
Molt-3 (T-lymphoid) 253 • 155 • 

Data represent the mean • SE of 2- 3 experiments carried out in dupli- 
cate. Cells were incubated with 1 ~tM [5-3H]-ara-C (2-4 gCi/ml) for 
120 rain and then washed free of drug. The incubation was continued and 
aliquots of cells were removed at intervals of 0, 20, 45, 90, and 180 min 
(Molt-3) for determinaton of the total uptake of ara-C and ara-CTP as 
described in Materials and methods 

Table 3. Kinetic data on the phosphorylation of ara-C by deoxycytidine 
kinase in human myeloid and B- and T-lymphoid leukemic cell lines 

Leukemic cell line Enzyme kinetic parameters 

Km Vmax 
(BM) (nmol h -1 mg -1) 

HL-60 (myeloid) 5.8 • 0.4 6.3 • 0.2 
RPMI-8392 (B-lymphoid) 4.1 • 0.1 2.6 • 0.3 
Molt-3 (T-lymphoid) 3.7 • 0.4 6.5 _+ 0.2 

Data represent the mean • SE of 3-5 experiments. Cell extracts pre- 
pared from leukemic ceil lines during exponential growth were incubated 
at 37 ~ C for 30 min in the presence of different concentrations (5-15 ~tM) 
of [5-3H]-ara-C (0.25 gCi) and then assayed for deoxycytidine kinase 
activity as described in Materials and methods 

Table 2. Incorporation of ara-C into DNA in human myeloid and B- and 
T-lymphoid leukemic cell lines 

Leukemic cell line Incorporation of ara-C into DNA 

2-h incubation 4-h incubation 
(pmol/106 cells) (pmol/106 cells) 

HL-60 (myeloid) 0.89 • 0.10 2.01 + 0.28 
RPMI-8392 (B-lymphoid) 0.83 • 0.08 1.70 + 0.34 
Molt-3 (T-lymphoid) 1.25 + 0.12 3.94 • 0.40 

Data represent the mean + SE of 6-10 experiments. Cells were incubat- 
ed with 1/aN [5-3HJ-ara-C (2-4 gCi/ml) for 2 and 4 h and the amount of 
ara-C incorporated into DNA was determined as described in Materials 
and methods 

leukemic cells were also much more sensitive to the 
growth-inhibitory effects of ara-C than were the other 
leukemic cells lines. The ara-C concentrations that inhibit- 
ed growth by 50% (ICs0) over a 48-h exposure in HL-60, 
RPMI-8392, and Molt-3 leukemic cells were in the range 
of 0.8, 0.5, and 0.01 gM, respectively. 

To elucidate the differences observed in sensitivity to 
ara-C, the uptake of total ara-C and the formation of ara- 
CTP were measured in each of the leukemic cell lines 
(Fig. 2). The total uptake of ara-C appeared to reach a 
plateau after 1 h in HL-60 and RPMI-8392 leukemic cells; 
however, in Molt-3 leukemic cells it increased up to 4 h, 
reaching a plateau that was about 4-fold that of HL-60 and 
RPMI-8392 cells. The measurement of ara-CTP formation 
gave a pattern similar to that for total ara-C uptake. In 
Molt-3 leukemic cells, the formation of ara-CTP obtained 
a plateau at about 4 h and was about 4-fold that of HL-60 
and RPMI-8392 leukemic cells. In latter, ara-CTP reached 
a plateau after only 30 min. 

The intracellular half-life of total ara-C and ara-CTP 
was determined by placing the cells in drug-free medium 
after incubation with the radioactive analogue for 120 min 
and then measuring the concentration of the ara-C nu- 
cleotides at different intervals (Table 1). The intracellular 
half-life of total ara-C in HL-60 and RPMI-8392 leukemic 
cells was 66.6 and 28.5 min, respectively, whereas that in 
Molt-3 leukemic cells was much longer (253 min). The 
half-life of ara-CTP in HL-60 and RPMI-8392 cells was 

59.4 and 31.7 min, respectively, a value similar to that 
obtained for total ara-C. In Molt-3 leukemic cells the half- 
life of ara-CTP was estimated to be 155 min, which was 
much longer than that determined for the other cell lines 
but considerably less than the total ara-C half-life in the 
former cells. 

The incorporation of radioactive ara-C into DNA after 
2 and 4 h incubation was determined for each cell line 
(Table 2). For both time points, the incorporation of ara-C 
into the DNA of Molt-3 leukemic cells was significantly 
greater than that observed in either HL-60 or RPMI-8392 
cells. 

The phosphorylation of ara-C by deoxycytidine kinase 
was investigated in extracts of the leukemic cell lines 
(Table 3). The Km values for ara-C in RPMI-8392 and 
Molt-3 cells were similar and were slightly lower than the 
value obtained for HL-60 leukemic cells. In contrast, the 
Vmax values for HL-60 and Molt-3 leukemic cells were 
similar and were significantly higher than that determined 
for RPMI-8392 cells. The effect of ara-CTP and dCTP on 
the feedback inhibition of deoxycytidine kinase from the 
different leukemic cell lines, using ara-C or deoxycytidine 
as the substrate, is shown in Table 4. In these studies, the 
enzyme was partially purified to remove the nucleotides 
present in the cell extracts. For each of the leukemic cell 
lines, dCTP was a more potent feedback inhibitor than was 
ara-CTP when either ara-C or deoxycytidine was used as 
the substrate. With ara-C as the substrate, each of the cell 
lines showed similar sensitivity to feedback inhibition pro- 
duced by either ara-CTP or dCTP. On the other hand, with 
deoxycytidine as the substrate, ara-CTP appeared to be a 
more potent feedback inhibitor of deoxycytidine kinase 
from Molt-3 leukemic cells than of that from HL-60 cells; 
the inhibition produced by the combination of ara-CTP 
(100 gM) and dCTP (10 gM) was subadditive as compared 
with that produced by these nucleotides alone. 

The cytoplasmic deoxynucleotidase activity found in 
the different leukemic cell lines using ara-CMP or dCMP 
as the substrate is shown in Table 5. With ara-CMP as the 
substrate, there did not appear to be a significant difference 
in the rate of dephosphorylation in the three leukemic cell 
lines. When dCMP was used as the substrate, the rate of 
dephosphorylation was slightly higher in Molt-3 leukemic 
cells than in HL-60 cells. 
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Table 4. Feedback inhibition of deoxycytidine kinase from leukemic cells by ara-CTP and dCTP using either deoxycytidine or ara-C as the substrate 

Enzyme 
source 

Ara-C substrate: % Inhibition produced by Deoxycytidine substrate: % Inhibition produced by 

Ara-CTP d C T P  Ara-CTP+dCTP Ara-CTP d C T P  Ara-CTP+dCTP 
100 ~.tM 10 ~tM 100 gM+10 gM 100 gM 10 p.M 100 gM+10 gM 

HL-60 73-+6 94_+2 98-+2 15_+15 60+ 3 70_+ 2 
RPMI-8392 79-+6 94_+3 99_+1 26+ 5 50+ 6 66_+ 7 
Molt-3 75_+3 96-+2 99_+2 36_+ 7 37 _+ 15 60_+ 13 

Data represent the mean -+ SD of 4 experiments. The reaction mixture (100 gl) contained 10 ~tM [?H]-ara-C or [3HJ-deoxycytidine (0.5 gCi), 100 gN 
am-CTP and/or 10 gM dCTP, and 5 gl enzyme. The mixture was incubated for 30 min at 37 ~ C and then assayed as described in Materials and methods 

Table 5. Deoxynucleotidase activity in HL-60 myeloid, RPMI-8392 
B-lymphoid, and Molt-3 T-lymphoid leukemic cell lines 

Leukemic 
ceil line 

Deoxynucleotidase activity 

Ara-CMP substrate dCMP substrate 
(units/mg) (units/rag) 

HL-60 3.64-0.4 a 3.2+0.3 b 
RPMI-8392 3.8_+0.2 3.6+0.3 
Molt-3 3.9_+0.4 4.1 _+0.2 

~ Mean _+ SD (n = 6) 
b Mean _+ SD (n = 9) 
The reaction mixture (100 gl) contained 5 gl enzyme, 50 mM TRIS-C1 
(pH 7.4), 5 mN MgCIz, and 200 gM [3H]-ara-CMP or [3H]-dCMP 
(0.5 ~tCi). The mixture was incubated at 37~ for 30 min and then 
assayed as described in Materials and methods 

Discussion 

Since ara-C is a very effective agent for the treatment of 
acute myeloid leukemia [7, 22], it is of interest to evaluate 
the potential effectiveness of this analogue in the treatment 
of acute lymphoid leukemia. Ohnuma et al. [16] reported 
that ara-C produces much stronger growth inhibition in 
T-lymphoid leukemic cells (Molt-4) than in B-lymphoid 
cells, suggesting that this analogue may be used for the 
treatment of T-cell leukemia. Abe et al. [1] also observed 
that T-lymphoid cells (Molt-4) were more sensitive to the 
growth-inhibitory effects of  ara-C than were B-lymphoid 
leukemic cells. We also observed that ara-C was a much 
more potent inhibitor of growth in T-lymphoid cells (Molt- 
3) than in either B-lymphoid or myeloid leukemic cells. 

One problem with the use of  cell growth in evaluating 
the chemotherapeutic potential of an experimental drug is 
that some agents may inhibit growth with only a minimal 
loss of clonogenicity. The loss of the proliferative potential 
of the malignant cells should be the major parameter for 
the assessment of antineoplastic activity. Since Onhuma et 
al. [16] and Abe et al. [1] did not present any data on the 
cytotoxicity produced by ara-C, full assessment of the im- 
portance of their work is difficult. For this reason, we used 
a colony assay to evaluate the cytotoxic selectivity of  ara-C 
with respect to the phenotype of the leukemic cells. We 
observed that ara-C was much more cytotoxic to T-lym- 
phoid (Molt-3) than to B-lymphoid or myeloid leukemic 
cells (Table 2). 

The biochemical basis for this selectivity of ara-C is 
probably attributable to differences in the metabolism of 

this analogue in the different types of leukemic cells. Abe 
et al. [1] reported that the formation of ara-CTP was higher 
in T-lymphoid leukemic cells than in B-lymphoid cells. 
Using leukemic cells from patients, Wiley et al. [22] ob- 
served that the formation of ara-CTP was greater in T-cells 
than in either B-cells or myeloid cells. Our experimental 
data are in agreement with these reports. We found that the 
total ara-C uptake and the formation of ara-CTP were 
greater in the T-lymphoid cell line than in the B-lymphoid 
or myeloid leukemic cells (Fig. 2). In addition, we ob- 
served that the incorporation of ara-C into the DNA of 
T-cells was higher than that in B-cells or myeloid ceils 
(Table 2). Major et al. [11] demonstrated that the lethal 
action of ara-C correlates with the amount that is incorpo- 
rated into DNA. 

One possible explanation for the higher levels of ara- 
CTP found in T-lymphoid leukemic cells is that the rate of 
degradation of this nucleotide analogue is slower in this 
cell type than in leukemic cells of a different phenotype. In 
accordance with this hypothesis, Abe et al. [1] have re- 
ported that the half-life of ara-CTP is 204 rain in T-cells 
(Molt-4) as compared with 26 -31  min in (Raji and Daudi) 
B-cells. Verhoef and Fridland [20] also observed that the 
half-life of  ara-CTP was longer in human T-cells (CEM) 
than in B-cells (PF-23). In leukemic cells from patients, 
Muus et al. [15] showed that the half-life of ara-CTP in 
lymphoblasts was longer than that in myeloblasts. Our data 
are in agreement with these investigators. We found that 
the half-life of ara-CTP in T-lymphoid leukemic cells 
(Molt-3) was 155 min as compared with 31.7 and 59.4 min 
in B-cells (RPMI-8392) and myeloid cells (HL-60), re- 
spectively (Table 1). The half-life we found for ara-CTP in 
Molt-3 cells (155 min) is considerably shorter than those 
reported by Abe et al. [1] and Townsend et al. [19] in 
Molt-4 cells (204 and 240 min, respectively). This differ- 
ence is probably related to slight differences in the metab- 
olism of ara-CTP in these two clones of the same leukemic 
cell line. 

The half-life of  ara-CTP in leukemic cells is an impor- 
tant parameter with respect to the cytotoxic action of this 
analogue and to predictions of the response of patients with 
acute leukemia to chemotherapy. Kufe et al. [9] demon- 
strated that for HL-60 myeloid leukemic cells, there is a 
correlation between the duration of the pool size of ara- 
CTP and the amount that is incorporated into DNA. 
Rustum and Preisler [18] reported that the duration of 
complete remission in patients with acute leukemia in 
whom ara-CTP showed a long half-life (retention time) 
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was longer  than that in patients in whom the half- l i fe  of  this 
nucleot ide  analogue  was short. Plunket t  et al. [17] ob- 
served that l eukemic  patients with resis tant  disease  ex- 
h ibi ted  a shorter  half- l i fe  for a ra-CTP than did those who 
act ieved comple te  remiss ion.  

The molecu la r  mechan i sms  that regulate  the half- l i fe  of  
a ra-CTP in leukemic  cells are not  ye t  comple te ly  under-  
stood. A b e  et al. [1] p roposed  that the main tenance  of  the 
a ra -CTP pool  is dependent  on both anabol ic  (kinases)  and 
catabol ic  (dephosphoryla t ion)  events  in the cell.  In an at- 
tempt  to e lucidate  those mechanisms ,  we per formed  
enzyme  kinet ic  studies wi th  deoxycy t id ine  kinase  using 
ara-C as the substrate (Table  3). Al though  there were  sl ight  
di f ferences  in the K m  and Vmax value  for ara-C in the three 
l eukemic  cel l  l ines, we felt  that these dif ferences  were  not  
sufficient  to account  for the large d iscrepancy in the half-  
l ife o f  a ra -CTP in T-cel ls  as compared  with B-cel ls  and 
mye lo id  cells.  In addit ion,  we inves t iga ted  the f eedback  
inhibi t ion of  deoxycy t id ine  k inase  by a ra -CTP and dCTP 
(Table  4). dCTP was a more  potent  f eedback  inhibi tor  of  
this enzyme  that was a ra -CTP in each of  the cell  l ines. 
Wi th  ara-C as the substrate, a ra-CTP at a concentrat ion of  
100 ~M produced  about  the same extent  of  inhibi t ion of  
deoxycy t id ine  kinase  in each of  the leukemic  cell  lines, 
suggest ing that this phenomenon  did not  account  for the 
differences in the half- l i fe  o f  a ra -CTP in these cells.  

Ano the r  poss ib le  explanat ion  for  the longer  half- l i fe  of  
a ra-CTP in leukemic  T-cel ls  as compared  with non-T-ce l l s  
is that the lat ter  cells  contain  greater  deoxynuc leo t idase  
activity,  which results  in a h igher  rate of  dephosphory la -  
t ion of  nucleot ides .  In support  of  this hypothesis ,  I izasa  and 
Carson [5] have repor ted  that B - l y m p h o i d  cells,  but  not  
T - l ympho id  cells,  secrete substant ial  amounts  of  deoxycy-  
t idine into the med ium;  these invest igators  sugges ted  that 
the B-cel ls  have higher  deoxynuc leo t idase  act ivi ty  than do 
the T-cells .  In the assay that we used,  we d id  not  observe  
any s ignif icant  differences in deoxynuc leo t idase  act ivi ty  
when a ra -CMP was used as the substrate in the three 
leukemic  cell  l ines (Table 5), suggest ing that dephosphory-  
lat ion at the nucleos ide  5 ' -monophospha te  level  does not  
expla in  the difference in the half- l i fe  of  a ra -CTP in these 
cells. The b iochemica l  mechan i sms  that regula te  the poo l  
size o f  a ra -CTP in T - lympho id  l eukemic  cells remain  un- 
clear. It is poss ib le  that compar tmenta l i za t ion  of  anabol ic  
and catabol ic  enzymes  may  p lay  a crucial  role  in this 
process.  

The present  s tudy shows that T - lympho id  l eukemic  
cells are very  sensi t ive to the cytotoxic  act ion of  ara-C and 
that this appears  to be due to the long half- l i fe  of  a ra-CTP 
in these cells.  These  results support  c l inical  invest igat ions  
r ecommend ing  ara-C for the t reatment  of  T-cel l  l eukemia  
and lymphoma .  
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