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ABSTRACT

Four patients with refractory chronic lymphocytic leukemia were
treated with the adenosine deaminase inhibitor, 2'-deoxycoformycin, and
initially received 4 mg/m2 i.v. weeky. Clinical responses to therapy varied:

Patient A had a minimal response; whereas Patient D showed an 85%
decrease in lymphocyte count at 2 wk; and Patients B and C had
intermediate responses. The pretreatment mononuclear cell adenosine
deaminase activities, which ranged from 1.6 to 44.6 nmol adenosine/h/
10' cells, decreased to approximately 1 nmol adenosine/h/10* cells 24 h
following 2'-deoxycoformycin, and increased to 15 to 50% of the pretreat

ment activity prior to the second drug treatment. The clinical response
to 2'-deoxycoformycin was unrelated to the PIT- or post treatment aden

osine deaminase activities or to the rate of return of enzyme activities
following treatment. The plasma deoxyadenosine levels and the leukemic
cell dATP concentrations rose slightly with therapy, but there was no
correlation between the magnitude of increase and clinical response. No
significant levels of DNA strand breaks were observed in the leukemic
cells following treatment, although the NAD levels decreased slightly in
two patients. When peripheral mononuclear cells from the patients and
two controls were incubated in vitro for 24 h with 2'-deoxycoformycin

and increasing concentrations of deoxyadenosine, a concentration-de
pendent increase in dATP and decrease in NAD were observed in both
the patients and normals. The normal cells, and cells from two patients,
developed a significant number of DNA strand breaks. However, there
was no relationship between the formation of DNA breaks and the degree
of accumulation of dATP or depletion of NAD, or between any of these
changes and subsequent clinical responses to 2'-deoxycoformycin. Based
on this study, it appears that the antitumor activity of 2'-deoxycoformycin

in chronic lymphocytic leukemia is unrelated to the induction of DNA
strand breaks or to changes in the levels of dATP or NAD in the leukemic
cells.

INTRODUCTION

CLL3 is most usually of B-cell origin and is characterized by
peripheral lymphocytosis, lymphadenopathy, hepatospleno-
megaly, and pancytopenia secondary to marrow infiltration.
When therapy is required to reduce organomegaly or produce
marrow clearing, alkylating agents, with or without prednisone,
are the initial drugs of choice (1). However, most patients will
become resistant to these agents and require alternative therapy
(1). The ADA inhibitor dCF has recently been shown to be
effective in approximately 25% of these alkylator-resistant pa
tients (2-4) and is relatively well tolerated using 4 mg/m2 i.v.

weekly, or biweekly, with nausea/vomiting and/or lethargy
being the major toxicities (2-4). Using similar dosage regimens,
dCF has produced partial and complete remissions in HCL (5-
7), Waldenstrom's macroglobulinemia (8), T-cell prolympho-

Receivcd 9/30/86; revised 1/14/87; accepted 1/16/87.
The costs of publication of this article were defrayed in part by the payment

of page charges. This article must therefore be hereby marked advertisement in
accordance with 18 U.S.C. Section 1734 solely to indicate this fact.

1Supported by a grant from the Medical Research Council, Canada.
2To whom requests for reprints should be addressed, at Manitoba Institute of

Cell Biology, 100 Olivia Street, Winnipeg, Manitoba, Canada R3E OV9.
3The abbreviations used are: CLL, chronic lymphocytic leukemia; ADA,

adenosine deaminase; dCF, 2'-deoxycoformycin; HCL, hairy cell leukemia; ALL,

acute lymphoblastic leukemia; dAdo, deoxyadenosine; SSB, single strand breaks;
PBS, phosphate-buffered saline (0.8 mM KH2PO4:0.154 M NaCl).

cytic leukemia (9), T-cell lymphoma (10), T-cell CLL (4, 11),
and mycosis fungoides (4, 12). Additionally, remissions have
been obtained in T-cell ALL (13-17), although considerable
toxicity was observed as high doses of dCF were required to
ablate the high ADA activity of blast cells (13, 14, 16).

Adenosine deaminase is responsible for the deamination of
dAdo and adenosine to deoxyinosine and inosine, respectively,
and the lymphocytolysis following ADA inhibition by dCF is
assumed to be mediated through the intracellular accumulation
of dAdo and adenosine (18, 19). Deoxyadenosine may be con
verted to dATP in lymphocytes, and this has been observed
following dCF therapy in T-cell ALL (13-15, 17), SÃ©zary
syndrome (20), T-cell CLL (11), B-cell CLL (21), and atypical
HCL (5). It has been proposed that dATP may produce cell
death through the depletion of ATP (17,19,22) or by inhibiting
the repair of naturally occurring SSB (22-25). The DNA SSB
can inhibit RNA synthesis (26), but the major cause of cell
death may be the depletion of cellular NAD, which is utilized
in the production of poly(ADP-ribose), a process that is asso
ciated with DNA strand breakage (24). In the present study, we
have investigated the mechanism of action of dCF in four
patients with B-cell CLL by correlating the clinical responses
to dCF with the in vivo effects on leukemic cell ADA activity,
dATP, and NAD pool sizes and the frequency of DNA SSB. In
addition, the leukemic cells were compared with normal periph
eral mononuclear cells with respect to the induction of DNA
SSB and changes in the cellular levels of dATP and NAD
following incubation with dCF and dAdo in vitro.

MATERIALS AND METHODS

Materials. KI'M I Medium 1640 and fetal bovine serum were ob

tained from Gibco Laboratories, Grand Island, NY. Ficoll 400 was
purchased from Pharmacia Fine Chemicals, Inc., Dorval, Quebec,
Canada, and sodium diatrizoate from Sterling Organics, New York,
NY. Calf intestinal ADA, nucleosides and nucleotides, NAD, alcohol
dehydrogenase, methyl thiazolyl tetrazolium, phenazine ethosulfate, N-
bis(2-hydroxyethyl)glycine, and iodoacetic acid were purchased from
Sigma Chemical Co., St. Louis, MO. Hoescht 33258 was supplied by
Calbiochem-Behring Corp., Milwaukee, WI; polycarbonate filters from
Nucleopore Corp., Pleasanton, CA; and proteinase K from E. Merck,
Darmstadt, Germany.

Patients. Patient A was a 61-yr-old male with Rai Stage II CLL, who
had generalized bulky lymphadenopathy and a 17- x 7-cm abdominal
mass due to mesenteric lymphadenopathy. The spleen was slightly
enlarged. The hemoglobin was 11.3 g/dl; platelets, 131,000/mm3; lym
phocytes, 93,000/mm3; and neutrophils, 4,000/mm3. Patient B was a
78-yr-old male with Rai Stage IV CLL and had generalized lymphad
enopathy, but no splenomegaly. The hemoglobin was 12.7 g/dl; plate
lets, 79,000/mm3; lymphocytes, 145,000/mm3; and neutrophils, 3,000/
mm3. Patient C was a 61-yr-old male with Rai Stage II CLL. He had

no lymphadenopathy, but the spleen tip was 5 cm below the costal
margin. The hemoglobin was 12.5 g/dl; platelets, 120,000/mm3; lym
phocytes, 150,000/mm3; and neutrophils, 1,000/mm3. Patient D was a
63-yr-old male with Rai Stage IV CLL and had generalized lymphad
enopathy, and the spleen tip was 7 cm below the costal margin. The
hemoglobin was 13.6 g/dl; platelets, 44,000/mm3; lymphocytes,
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83,000/mm3; and neutrophils, 1,700/mm3. Peripheral lymphocyte typ
ing demonstrated that these patients had B-cell CLL. All patients had
initially responded to chlorambucil but had become resistant to this
drug, as defined by the lack of effect of continued or increased dosage
of chlorambucil on peripheral lymphocyte count and spleen or node
size. Patient C subsequently responded to cyclophosphamide for a short
period, while Patient D did not respond to this agent. Patient C was
receiving Prednisone (SO mg on alternate days) at the time of the study.

Liver and renal function tests were normal in all four patients. 2'-

Deoxycoformycin was obtained from the Investigational Drug Branch,
National Cancer Institute, Bethesda, MD, and informed consent was
obtained from each patient prior to therapy. 2'-Deoxycoformycin was
reconstituted in 50 ml of Ringer's lactate, containing NaHCO3 (44.6

meq/Iiter), and was infused over 30 min. Patients A, B, and C received
dCF, 4 mg/m2 i.v., weekly for 3 wk, while Patient D received dCF, 4
mg/m2 i.v., weekly for 2 wk. Patient A received additional dCF (4 mg/
m2 i.v.) on Wk 5 and 7.

Isolation of Mononuclear Cells. Peripheral blood was collected at 4"( '

in heparinized tubes, spun at 400 x g for 10 min, and the plasma was
removed and stored at -20Â°C. The mononuclear cells were isolated

from the buffy coat using a Ficoll-Paque gradient (27), followed by one
wash with ice-cold PBS (pH 7.4), and a second wash with ice-cold 10
mM Tris: 140 mM NH4C1 to lyse residual erythrocytes (20).

ADA Assay. The mononuclear cell ADA activity was measured using
a modification of the method we have previously described (5, 28).
Cells were assayed for ADA activity immediately after isolation or
within 1 wk of being stored at â€”80Â°C.Cells were reconstituted in PBS

titrated to pH 6.8, freeze thawed 3 times, and centrifuged at 15,000 x
g for 5 min. Aliquots of supernatant were incubated at 37Â°Cfor 15 and
30 min with an equal volume of 1 mM [3H]adenosine (specific activity,

0.4 Ci/mmol) in PBS (pH 6.8). The reaction was stopped with a one-
quarter volume of ice-cold 20% trichloroacetic acid, and the mixture
was neutralized with 2 volumes of 0.5 M trioctylamine in trifluorotri-
chloroethane (29). The conversion of adenosine to inosine and hypo-
xanthine was measured by thin-layer chromatography on 0.1-mm Po
lygram eel 300-DEAE plates (Brinkman, Rexdale, Canada) developed
with l M ammonium acetate, pH 6.O. The ADA activity was expressed
as nino] adenosine/h/106 cells.

NAD and dATI' Determinations. Nucleotides were extracted from
IO7peripheral mononuclear cells with 200 M'of ice-cold 0.4 M perchlo

ric acid and neutralized with 2 volumes of 0.5 M trioctylamine in
trifluorotrichloroethane. Extracts were frozen at -20Â°C and analyzed

within 1 mo of freezing. NAD was measured by the reduction of methyl
thiazolyl tetrazolium (24), and dATP was determined by the DNA
polymerase assay of Hunting and Henderson (30).

dAdii Measurements. Aliquots of plasma were filtered through Ami-
con CF-25 ultrafiltration membrane cones (M, 25,000 exclusion limit)
at 750 x g for 25 min, and the dAdo in the filtrate was measured by
reversed-phase high-pressure liquid chromatography, as previously de
scribed (16). The identity of the dAdo peak was confirmed by the
disappearance of the peak following the addition of excess calf intestinal
ADA.

DNA Single Strand Breaks. DNA SSB were measured in the mono-
nuclear cells using a fluorescent modification (23) of the alkaline elution
assay described by Kohn et al. (31). In these studies, sodium EDTA
(pH 12.2) was used instead of tetrapropylammonium hydroxide to elute
the DNA because of the high fluorescent blanks resulting from the
latter base. The DNA from approximately 2 x IO6 cells was eluted
from 0.8-Min polycarbonate filters following 1-h treatment of the lysed
cells on the filter with proteinase K (0.5 mg/ml). The DNA in the
eluted fractions was determined by neutralizing each sample with N
hydrochloric acid, adding a 1-ml aliquot of the neutralized sample to 2
ml of a solution of 0.45 MMHoechst 33258 dye in 25 mM sodium
phosphate buffer (pH 7.0) and measuring the fluorescence with a Gilson
Spectra-Glo filter fluorometer, using excitation wavelengths of 330 to
380 nm and emission wavelengths of 430 to 470 nm (32). The concen
tration of DNA in each sample was determined using a calibration
curve obtained with denatured calf thymus DNA. The number of SSB
was calculated by comparing the rate of elution of DNA from experi
mental cells with the elution of DNA from cells that had been irradiated

with 400 rads using a ""Co source. SSB were expressed as rad equiva

lents (dose of radiation inducing an equivalent number of breaks).
In Vitro Incubations. The mononuclear cells from the patients, prior

to therapy, and from two controls were isolated under sterile conditions
and reconstituted to a concentration of 10' cells/ml in 10 ml of RPMI

medium, supplemented with 10% fetal bovine serum. The cells were
incubated for 24 h at 37Â°Cunder 95% air:5% CO2 with: dCF (5 MM)

alone; dAdo (50 MM)alone; and 1, 5, or 50 MMdAdo plus dCF (5 MM).
Following incubation the tubes were gently agitated to produce a single
cell suspension. The cellular dATP and NAD in 8 ml of suspension
were determined as described above. The remaining cell suspension was
centrifuged at 400 x g for 10 min, and the cell pellet was washed twice
with medium, reconstituted in medium, and subjected to alkaline elu
tion as described above.

RESULTS

Clinical Responses. The effect of dCF on the peripheral
lymphocyte counts of the patients is shown in Fig. 1. Patient A
had the poorest response with 3 weekly injections of dCF (4
mg/m2), producing only a 22% fall in lymphocyte count by 4

wk. With a similar treatment schedule, there was a 72% and
70% fall in lymphocyte counts by Wk 4 in Patients B and C,
respectively. Patient D responded most favorably, with only 2
injections producing an 87% fall in lymphocyte count by Wk
2. 2'-Deoxycoformycin did not produce a decrease in platelets,

but caused a slight and transient depression in neutrophils of
Patients B and D. Following the third dCF treatment, Patient
B required hospitalization for bronchopneumonia. With broad
spectrum antibiotics, the fever deferesced, but no pathogenic
organism was identified. Patient C required antibiotics for
bronchitis following the third dCF treatment.

The major toxicity observed with dCF was nausea/vomiting,
which occurred in all patients and was moderately severe in
Patients A and D. Patient B, the oldest patient (78 yr) had
lethargy following each treatment, which persisted for several
days. 2'-Deoxycoformycin did not affect the renal or hepatic

function tests.
Patient A received a total of 5 treatments over 7 wk and 2

wk later was hospitalized because of progression of his leukemia
and severe pancytopenia. Therapy was discontinued, and the
patient subsequently died from an intracranial hemorrhage.
Patient B received a total of 6 dCF injections over 16 wk, but
treatment was discontinued because of drug-induced lethargy.
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Weeks
Fig. 1. Clinical response of patients to dCF therapy. Patients were treated

with 4 mg/m2 i.v. at the times indicated. Clinical response is shown as the
patient's lymphocyte count, at the times shown, as a percentage of the patient's

pretreatment lymphocyte count.
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Patients C and D are continuing to receive dCF.
ADA Activity. The pretreatment ADA activities in the mono-

nuclear cells of the four patients ranged from 1.6 to 44.6 nmol
adenosine/h/106 cells (Fig. 2), which were less than the control

peripheral mononuclear cell ADA activities (range, 70 to 200
nmol adenosine/h/106 cells in eight controls). For Patients A,

B, and D the activity decreased to approximately 10% of the
pretreatment levels 24 h following 4 mg/m2 dCF, and increased

to 15 to 20% of the pretreatment values prior to the second
dCF treatment (7 or 8 days later) for Patients A and B and to
40% of the pretreatment level for Patient D. The pretreatment
ADA activity for Patient C was the lowest at 1.6 nmol adeno
sine/h/106 cells; the activity decreased by approximately 50%
24 h after 4 mg/m2 dCF and remained at this level until Day 9

(Fig. 2).
Plasma dAdo. The accumulation of plasma dAdo following

the initial two dCF injections is shown in Fig. 2. The first dCF
injection increased the plasma dAdo by 3.5- to 9-fold, reaching
levels of 0.16 to 0.55 p\i at 24 h, but the levels returned to
pretreatment values by Day 4. The increase in the plasma levels
of dAdo following the second dCF treatment was 2- to 3-fold

greater than following the first treatment.
Cellular dATP Levels. The levels of dATP in the mononuclear

cells of the four patients before and after treatment with 4 mg/
m- dCF are shown in Fig. 2. The pretreatment levels of dATP
were <1 pmol/106 cells and increased to 1.6 to 8.8 pmol/106

cells 24 h after the first dCF injection. In each case, the cellular
concentration of dATP decreased to the pretreatment level 1
wk following dCF.

Cellular NAD Levels. The pretreatment NAD levels of the
mononuclear cells from the four patients ranged from 46.9 to
74.2 pmol/106 cells (Fig. 2). The NAD levels in the mononu

clear cells from two normals were 82.1 and 86.3 pmol/106 cells.

For Patients A and B the cellular NAD level decreased to
approximately 70% of the pretreatment value by Day 4 follow
ing 4 mg/m2 dCF and returned to pretreatment values prior to

the second dCF treatment. In contrast there was no significant
decrease in the NAD level in cells from Patients C and D
following dCF.

DNA Single Strand Breaks. DNA SSB in the mononuclear
cells of the CLL patients were measured by alkaline elution
(Fig. 3). No SSB were observed in cells from Patients A and B
following treatment, and an insignificant number were observed
in cells from Patients C and D on Day 2 after the initial dCF
treatment. No SSB were observed in any of the patients follow
ing the second treatment with dCF.

In Vitro Incubations. The cellular levels of dATP and NAD
and the frequency of DNA SSB following 24-h incubation of
CLL or normal peripheral mononuclear cells with dCF (5 /Â¿M)
and three concentrations of dAdo are shown in Table 1. Neither
dAdo (50 MM)nor dCF (5 MM)alone induced DNA SSB or
changes in the dATP or NAD concentrations in the CLL or
normal mononuclear cells. In the normal cells, the frequency
of DNA SSB and changes in the cellular concentrations of
dATP and NAD were dependent on the extracellular concen
tration of dAdo. In contrast, an insignificant number of DNA
SSB were observed at all dAdo levels in cells from Patients A
and C. However, an increasing frequency of DNA SSB in cells
from Patients B and D was observed as the concentration of
dAdo increased, although the frequency was less than that
observed in the normals. The concentration of dATP in the
cells rose with increasing dAdo concentration. The accumula
tion was similar for Patients A, C, and D and the two normals,
while Patient B accumulated 5- to 8-fold more dATP.

Patient A Patient B Patient C Patient D

8 9 8 9 1 9 10234 9 10 1234

Days
Fig. 2. Clinical and biochemical effects of dCF therapy. Patients were treated with dCF (4 mg/m! i.v.) at the times indicated. Plasma dAdo was measured by high-

pressure liquid chromatography. Mononuclear cells were isolated from the same blood samples, and ADA activities, dATP, and NAD levels in the cells were
determined as described in the text. Points, mean of 3 to 6 determinations for the biochemical measurements; hurs. SE. On occasion, the confidence intervals were
too small to be illustrated.
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Fig. 3. Measurement of DNA SSB follow
ing dCF therapy. Patients A and C were treated
with dCF (4 mg/m2 i.v.) on Days I and 8. and

Patients B and D were treated on Days 1 and
9. Mononuclear cells were isolated from pe
ripheral blood from the patients on the days
shown and were analyzed for DNA SSB by a
fluorescent modification of the alkaline elution
assay, as described in the text. The curves show
the rate of elution of DNA. The control curves
show the rate of elution of DNA from mono-
nuclear cells of each patient obtained prior to
the first dCF treatment. The 400-rads curve
represents the rate of elution of control cells
that had been irradiated with 400 rads.

20 30 10
Volume Eluted (ml)

Table 1 Frequency of DNA single-strand breaks and changes in dATP and NAD levels following exposure of mononuclear cells to dCF and deoxyadenosine in vitro
Peripheral mononuclear cells were isolated from patients and from controls using a Ficoll-Paque gradient and were incubated (10' cells/ml) for 24 h with dCF (5

UM)and I, 5, or 50 MMdAdo. DNA SSB were measured by alkaline elution, dATP by a DNA polymerase assay, and NAD by a NAD cycling assay. Each dATP value
is the mean Â±SE of 3 duplicate experiments, each NAD value is the mean Â±SE of at least 4 determinations, and the SSB values represent the mean Â±SE of 2 to 4
experiments.

1 MMoAdo + dCF 5 MMdAdo + dCF 50 MMdAdo + dCF

Subject dATPÂ° SSB*
NAD

dATP SSB
NAD

dATP SSB
NAD

Patient A
Patient B
Patient C
PatientDNormal

A
Normal B0.6

Â±0.5
2.1 Â±1.0
0.0 Â±0.0
0.1Â±0.18.1

Â±0.8
2.0 Â±0.40Â±30

13 Â±29
-17Â± 18

51Â±2358

Â±30
117Â±2470.9

Â±7.6
105.6Â±9.5
101.5Â±11.0
50.9 Â±8.776.3

Â±6.0
64.1 Â±0.912.0

Â±1.3
39.0 Â±6.5
4.3 Â±0.4
1.8Â±0.513.0

Â±1.77.2
Â±0.90Â±3255

Â±42
-24 Â±14

47 Â±15274

Â±92
200 Â±8570.7

Â±13.7
111.3 Â±8.4
88.4 Â±14.8
39.1Â±6.639.2

Â±2.6
41.5 Â±4.664.7

Â±14.0
421.2 Â±28.9

32.4 Â±3.7
30.6 Â±5.086.0

Â±4.0
50.0 Â±4.018

Â±60138
Â±21

-10Â± 10
150Â±47278

Â±62
379 Â±11029.3

Â±8.6
68.8 Â±5.8
66.0 Â±10.0
27.3 Â±4.427.1

Â±2.9
18.0Â±6.1

"pmol/10Â» cells.
'' rad equivalents.
c Percentage of control NAD. Control NAD (pmol/IO6 cells): Patient A = 90.2 Â±7.4; Patient B â€¢

Normal A = 82.1 Â±5.6; and Normal B = 86.3 Â±7.3
74.1 Â±10.7; Patient C = 41.8 Â±3.4; Patient D = 54.1 Â±10.2;

Control levels of NAD in cells from patients and normals
ranged from 41.8 to 90.2 pmol/106 cells, and in each case

studied, the levels of NAD decreased after incubation with dCF
and increasing concentrations of dAdo. The fall in NAD levels
was similar for normal cells and cells from Patients A and D,
while cells from Patients B and C showed a substantially smaller
decrease in NAD concentration.

Comparing the different individuals, there was no correlation
between the cellular concentration of dATP and the frequency
of DNA SSB, as normal B-cells accumulated approximately
the same level of dATP as Patient D cells, whereas normal B-
cells had a higher frequency of DNA SSB. Similarly, Patient B
accumulated a much higher concentration of dATP than Patient
D, and both had a similar frequency of DNA SSB. Furthermore,
there was no apparent correlation between the decrease in the
cellular concentration of NAD and the frequency of DNA SSB.
The levels of NAD in cells from Patients A and D fell consid
erably more than the levels of NAD in Patients B and C, while
SSB were observed only in cells from Patients B and D.

DISCUSSION

The ADA inhibitor dCF is a highly effective drug for the
treatment of HCL (5-7) and other lymphoid malignancies (8-
12) and has also shown activity in some patients with CLL who
have become refractory to alkylating agents (2-4). It has been
proposed that dCF exerts its antitumor effect, in part, by
inhibiting the lymphocyte ADA activity resulting in the accu
mulation of dAdo, which is converted intracellularly to dATP
(18, 19). dATP may induce DNA SSB (23-25), and the subse

quent depletion of NAD (24) may be primarily responsible for
cell death (24).

As previously reported (2-4), the clinical responses of the
four patients in this study were highly variable, ranging from
an 85% decrease in peripheral lymphocyte count at 2 wk in
Patient D to a minimal response in Patient A (Fig. 1). The
major toxicities were nausea/vomiting and lethargy, which were
moderately severe in Patients A and D, and mild in Patients B
and C. The pretreatment peripheral mononuclear cell ADA
activities in the patients were lower than in the controls, and
the level did not correlate with the subsequent clinical response.
Following 4 mg/m2 dCF, the activity was reduced in all patients
to approximately 1 nmol adenosine/h/106 cells, but the dura

tion of ADA inhibition did not correlate with the clinical
response. For example. Patient D, who had the most rapid
lymphocytolysis, showed a 35% recovery in ADA activity 1 wk
after DCF, which was similar to that observed in Patient A,
who did not respond to therapy.

The plasma dAdo levels and dATP concentrations in the
patients' leukemic cells increased slightly following treatment,

but the rise in plasma dAdo did not correlate with the increase
in cellular dATP, suggesting differences in the leukemic cells'

kinase or nucleotidase activities. Patient B accumulated the
most dATP (peak, 22 pmol/106 cells), and although Patients C
and D accumulated only 3 to 5 pmol dATP/10* cells, they

responded clinically as well, or better, than Patient B, demon
strating that this biochemical perturbation is not entirely re
sponsible for cell kill. These findings are similar to those
observed in HCL, where some variants have a high capacity to
accumulate dATP following dCF, but this feature is not essen
tial for lymphocytolysis (5, 28). Kefford et al. (21) have previ-
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ously observed a much greater increase in leukemic cell dATP
(380 pmol/10* cells), following treatment of a B-cell CLL

patient with dCF. This may be explained by the higher plasma
dAdo achieved in their patient (peak, 8.5 ^M compared to <1.5
UM in the present study), as a result of more intensive dCF
scheduling, i.e., 0.1 mg/kg dCF each day for 5 consecutive days.
The plasma dAdo increase that occurs following dCF treatment
is derived from both the turnover of marrow normoblasts (19)
and lysed tumor cells, and it will only be transiently elevated
following a single injection of dCF, as the dAdo is excreted in
the urine and degraded by cells with recovering ADA. However,
the daily injections of dCF used by Kefford et al. (21) would
have produced a prolonged period of ADA inhibition and thus
allowed a greater accumulation of plasma dAdo. Despite the
increases in leukemic cell dATP following dCF, no significant
numbers of DNA SSB were observed. Although steroids have
been reported to induce DNA fragmentation in murine thy-
mocytes (24, 33), this was not observed in Patient C who
continued to receive 50 mg of prednisone every other day during
dCF treatment. Patients A and B did show a 30% fall in cellular
NAD; however, the fall in NAD appeared unrelated to clinical
response, since it did not occur in Patient D who demonstrated
the most dramatic lymphocytolysis. Thus, neither DNA SSB
nor NAD depletion appears involved in the antitumor activity
of dCF. The mechanism responsible for the depletion of NAD
in these patients is unexplained.

When peripheral mononuclear cells from the patients and
normals were incubated in vitro for 24 h with dCF and dAdo,
the cells all accumulated dATP. However, Patient B accumu
lated the highest levels of dATP (Table 1), and these results
paralleled the in vivo findings (Fig. 2). The observation that
some CLL patients have a high capacity to generate dATP
when exposed to dAdo and dCF in vitro has previously been
observed (34), but the present study demonstrates that this
assay would not be a useful predictor of clinical response to
dCF. Yu et al. (35) have recently made a similar observation.
The normal cells developed a significant number of DNA SSB,
the frequency of which increased with dAdo concentration.
Patients B and D also developed DNA breaks but at a lower
frequency than normal cells, while no breaks occurred in Pa
tients A and C. However, the breaks only occurred in the
patients using high dAdo concentrations (5 or 50 ^M), which
were not attained in the plasma in vivo (Fig. 2). The observed
difference in SSB formation in patient versus normal cells may
be due to differing rates of spontaneous DNA break formation
in T- and B-cells, as the leukemic cells were of B-cell lineage,
whereas the normal cells were a mixture of T- and B-cells.

While we did observe an increase in dATP and SSB with
increasing dAdo concentration, in those individuals who
showed DNA damage, an increase in dATP did not always
result in the formation of strand breaks. dATP may inhibit
DNA repair (25), and the lack of correlation of the dATP levels
and frequency of SSB in our patients may thus be attributed to
differing rates of naturally occurring DNA break formation.

The fall in cellular NAD following exposure to dAdo and
dCF has been attributed to the induction of DNA SSB, which
stimulates the conversion of NAD to poly(ADP-ribose). How
ever, we observed no correlation between the frequency of DNA
SSB and the depletion of cellular NAD. For example, the NAD
level in cells from Patient A dropped to the same extent as the
NAD levels in cells from two normal subjects, although normal
cells developed DNA SSB, whereas no SSB were observed in
the cells of Patient A.

The results of this study suggest that the antitumor activity

of dCF in B-cell CLL is unrelated to effects on leukemic cell
dATP, the induction of DNA SSB, or the fall in NAD, and
these findings are consistent with our previous observations in
type II HCL (28). Ho et al. (36) have recently reported a similar
study using dCF in 10 patients with chronic T-cell neoplasia.
They observed an increase in leukemic cell dATP, induction of
DNA SSB, and a decrease in NAD following treatment in vivo
or in vitro with dCF. They found no correlation between clinical
response and the extent of DNA SSB or the accumulation of
dATP; however, there was a suggestion of some correlation
between clinical response and the depletion of NAD. The
induction of DNA SSB in these patients in vivo compared to
the present study may indicate differences in the frequency of
spontaneously occurring DNA breaks in leukemic cells of T- or
B-cell origin.

Another possible mechanism of action of dCF in CLL is the
inhibition of essential cellular 5-adenosylmethionine-mediated
transmethylation reactions, which may occur following the
accumulation of adenosine or dAdo (18,19). Alternatively, dCF
may be phosphorylated intracellularly and incorporated into
DNA (37). These mechanisms appear improbable in CLL, as
the small increases in plasma levels of dAdo observed in the
present study are below those required to inhibit 5-adenosyl
methionine-mediated transmethylation reactions, and since
most CLL cells are in G0 phase, it is unlikely that dCF is
incorporated into DNA.

It is also possible that dCF may affect leukemic cells indi
rectly by modifying other lymphoid cell populations, which
control their growth or differentiation. 2'-Deoxycoformycin

has been shown to increase the absolute numbers of natural
killer cells in prolymphocytic leukemia (9), and a similar occur
rence might be responsible for its activity in CLL. a-Interferon,
which like dCF is highly effective in HCL, has also been shown
to increase the number of natural killer cells in this leukemia
(38). Alternatively, dCF may exert its activity in B-cell CLL
through effects on the T-cells, and this has previously been
suggested to explain the reduction in B-cells which occurs in
congenital ADA deficiency (39). The T-cells in CLL are abnor
mal, being increased in number and showing an inversion in
the T-helper:T-suppressor ratio (40, 41), and, in at least some
patients (42), these abnormalities may contribute to the lack of
differentiation of the leukemic cells. As T-suppressor cells are
more sensitive than T-helper cells to low doses of dCF and
dAdo in vitro (43), and in vivo (44), it is possible that dCF
therapy might correct the T-helper:T-suppressor cell ratio in
CLL and thus influence leukemic cell growth or differentiation.
Additionally, dCF has been shown to decrease the production
of interleukin-2 mRNA by mitogen-stimulated murine spleno-
cytes (45). The drug may produce a similar effect in humans
and thus influence leukemic cell growth. Further studies are
required to explore these possibilities.
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