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CHAPTER 3

INTRODUCTION

Children suffering from acute lymphoblastic leukemia (ALL) possess an increased con-
centration of cytidine triphosphate (CTP) in their lymphoblasts compared to resting
lymphocytes (1). This might be due to either an enhanced flux through the pyrimidi-
ne de novo and/or uridine salvage pathway or to an increased flux through the cytidi-
ne salvage pathway. By studying ribonucleotide fluxes in a MOLT-3 lymphoblastic cell
line it has been shown that the increased CTP concentration is the result of an enhan-
ced activity of CTP synthetase (CTPS) (2). We now analyzed the in vitro CTPS activity
in lymphoblasts of children with ALL. If increased, CTPS might be inhibited by drugs
like cyclopentenyl cytosine (CPEC).

PATIENTS AND METHODS
Cell isolation

The CTPS activity was measured in lymphoblasts of 16 pediatric patients with ALL at
diagnosis and compared with proliferating and quiescent lymphocytes. Leukemic cells
were obtained by bonemarrow aspiration of the posterior iliac crest or by venapunctu-
re in case of a white blood cell count exceeding 100 * 108 mononuclear cells/ml. The
material was anticoagulated by EDTA. After collection, the cell suspension was diluted
1:1 with a “supplemented phosphate-buffered saline” (supplemented PBS) solution
(9.2 mM NayHPOg4, 1.3 mM NaH5POy4, 140 mM NaCl, 5 mM glucose, 0.2% bovine
serum albumin, 13 mM trisodiumcitrate and 5 mM EDTA, pH 7.4) and centrifuged (200
g, 10 min) after which the platelet-enriched plasma was discarded. The remaining cell
pellet was again diluted 1:1 with supplemented PBS and was carefully layered on top
of a 1.077 gr/mL Percoll solution with a 2:1 volume ratio. After centrifugation for 20
minutes at 800 g the interphase was collected and washed with supplemented PBS,
after which the pellet was resuspended in 5 ml icecold erythrocyte-lysis buffer (8.29
gr/L NH4Cl, 1.0 gr/L KHCOz, 37.2 mg/L EDTA, pH 7.4); after 5 minutes of lysis 9 ml
of supplemented PBS was added. The cells were washed twice and the final cell pel-
let was resuspended in a buffer containing PBS (9.2 mM NajHPO4, 1.3 mM
NaH,PO4, 140 mM NaCl, pH 7.4) and 5 mM glucose. Cells were counted with a Coulter
Counter ZF cellcounter. Viability was assessed by the trypan blue exclusion test and cell
purity was assessed morphologically by Jenner Giemsa staining and tight microscopy.
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Lymhocytes were isolated in the same way, but after collection of the mononuclear
cells, lymphocytes were purified by magnetic cell sorting (Miltenyi, Germany), using
CD11b microbeads or the pan-T isolation microbeads, and washed with PBS supple-
mented with 5 mM glucose. Proliferation of lymphocytes was achieved using round-
bottom culture plates coated with anti-CD3 monoclonal antibody (CLB 16A9, 1:1000,
4 hr, 37°C), after which lymphocytes were cultured for 72 hours in RPMI 1640 con-
taining 10% fetal bovine serum, 100 IU/ml penicilline, 100 pg/ml streptomycine, 200
pg/ml gentamycine, 0.125 pg/ml amphotericin B, 2 mM glutamine, 100 uM B-mer-
captoethanol and 50 U/ml II-2.

CTP synthetase assay

The enzyme activity was measured by the method described by Van Kuilenburg (3) et
al. Briefly, a cell homogenate was obtained by sonication, after which the homogena-
te was centrifuged and the supernatant was used for the assay. The protein content of
the supernatant was determined with a modified Lowry method (4).

The assay-mixture contained 1 mM UTP, 4 mM ATP, 10 mM glutamine, 1 mM GTP,
20 mM MgCl2, 17 U/ml pyruvate kinase, 15 mM PEP, 10 mM dithiotreitol, 2.5 mM
phenylmethylsulphonyl fluoride, 1 mM EGTA. After a 10 minute preincubation, the
assay-mixture and cell homogenate were coincubated for 2 hours, after which the
nucleoside triphosphates were extracted by 0.55 N perchloric acid and neutralized with
0.35 M K5CO3z. The nucleoside triphosphates were separated by anion-exchange high
performance liquid chromatography (HPLC), under isocratic elution conditions using a
0.594 M NaH,PO4 buffer, pH 4.55. The retention times were 2.90, 4.15, 5.05 and
6.85 minutes for UTP, CTP, ATP and GTP respectively. Response factors were calcula-
ted using an external standard solution containing authentic nucleotides UTP, CTP, ATP
and GTP. Absorption was measured at a wavelength of 280 nm.

The HPLC system consisted of a Gilson 231XL and 402 sampling device, a Perkin
Elmer Binary LC 250 pump, a Whatman Partisphere SAX 4.6 x 125 mm column (5 ym
particles) and Whatman 10 x 2.5 mm AX guard column, Waters UV detector, a Nelson
900 series Interface and Nelson PC Integrator Software version 5.1.5.

RESULTS

There were 11 cases of precursor B-lymphocytic leukemia (common ALL) and 5 cases
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CHAPTER 3

of T-lymphocytic leukemia. Ages ranged from 14 months to 15 years (mean 5.6 years).
White blood cell counts ranged from 2.4 * 109/L to 610 * 109/L.

The purified leukemic cells of the patients showed a purity of at least 80%. The con-
trol lymphocytes were > 95% pure and > 90% viable.

The mean activity of CTP synthetase proved to be significantly higher in lymphoblasts
compared to quiescent lymphocytes (6.8 versus 1.8 nmol CTP/mg protein/hr,
p=0.002) (fig.1). The activity in lymphoblasts seemed slightly higher compared to pro-
liferating lymphocytes although not yet significant (6.8 versus 5.0 nmol CTP/mg pro-
tein/hr, p=0.17) (fig.1).
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Figure 1: The specific CTPS activity is shown for ALL lymphoblasts (column 1), quiescent lym-
phocytes (column 2) and proliferating lymphocytes (column 3). The difference in CTPS activity
between column 1 and 2 is significant (p = 0.002).

No correlation could be observed between the activity of CTP synthetase and the whi-
te blood cell count, nor with the percentage of lymphoblasts of the peripheral blood.

A comparable mean enzyme activity was observed in T-ALL and B-ALL.
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INCREASED ACTIVITY OF CTP SYNTHETASE IN PEDIATRIC ALL

Preliminary results of incubation experiments with lymphoblasts of a patient with CPEC
(kindly provided by the National Cancer Institute, Bethesda, Maryland) showed that
CPEC is metabolized to it's active triphosphate form, which inhibited CTPS activity and
led to a CTP depletion (fig.2).

At a CPEC concentration of 1.25 uM a CTP depletion was observed with an incre-
ased UTP concentration, reflecting inhibition of CTPS. At higher CPEC concentration
(>5 uM) both CTP and UTP concentrations decreased, which could be attributed to
competition of CPEC with uridine and cytidine at the uridine/cytidine kinase level, in
addition to CTPS inhibition. Similar patterns were observed in two other patients.

CPEC incubation experiments with proliferating T-lymphocytes also showed a profound
CTP depletion, which was paralelled by a decreased proliferation rate. Therefore, CTP

synthetase plays an important role not only in malignant lymphoblasts but probably
also in proliferating T-lymphocytes.
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Figure 2: Incubation experiments of ALL lymphoblasts using increasing CPEC concentrations
showing the effects on intracellular CTP (black squares), UTP (triangles), CPEC-TP (diamonds),
and ATP (open squares) concentrations, depicted as the relative percentages of ribonucleotide

concentrations compared to the control sample without CPEC.

DISCUSSION

A high CTP synthetase activity in lymphoblasts of pediatric patients is in line with stu-
dies of other types of malignancies (hepatoma, renal cell carcinoma, colon carcinoma,
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lymphoma) (5-7). Adults suffering from ALL also showed an increased enzyme activi-
ty (7). However, the mean activity of CTPS observed in lymphoblasts of children with
ALL was two-fold higher compared to that observed in lymphoblasts of adults with ALL
(7). This phenomenon might be explained by the profound effect of protein concen-
tration on the specific activity of CTPS (4).

Proliferating lymphocytes also showed a high CTPS activity, which might reflect the
higher needs for nucleotides as their metabolism is accelerated to facilitate cell proli-
feration. Surprisingly, no correlation between the enzyme activity and the white blood
cell count was observed in pediatric patients with ALL. This could suggest that the high
enzyme activity is independent of the leukemic cells' proliferation rate, but it should be
noted that lymphoblasts do not proliferate anymore in vitro.

CTPS inhibition was accomplished in our experiments since CTP depletion occur-
red in our patients' lymphoblasts treated with CPEC, concurrent with an increased UTP
concentration. CPEC also seemed to cause CTP depletion in proliferating T-lymphocy-
tes, suggestive of CTPS inhibition. However, a direct effect of CPEC on cytidine salva-
ge in proliferating lymphocytes can not be excluded since the majority of CTP seems
to be produced by salvage of cytidine in proliferating T-lymphocytes (2), and CPEC
might compete with cytidine as a substrate for uridine/cytidine kinase.

CPEC is not only a potential cytotoxic drug, but is also capable of enhancing the cyto-
toxic effect of conventional drugs like arabinofuranosyl cytosine (AraC)(7), which is cur-
rently being used for the treatment of pediatric ALL. AraC must be phosphorylated to
AraCTP in order to become cytotoxic, and a high dCTP concentration, that results from
high CTP levels, will inhibit the first phosphorylation step of AraC (catalyzed by deoxy-
cytidine kinase). Furthermore dCTP and AraCTP compete with each other in their affini-
ty for DNA polymerase. Lowering the CTP concentrations by inhibition of CTPS, might
therefore lead to lower dCTP levels and enhance the cytotoxic effect of AraC.

CONCLUSION

Our results provide the first evidence of an increased CTPS activity in pediatric ALL.
Therefore, inhibiting CTPS by a drug like CPEC might be promising, and may cause a
direct cytotoxic effect on leukemic cells, as well as a modulating effect on the cyto-
toxicity of AraC.
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