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ABSTRACT

In preclinical investigations performed in mice, 2-amino-9-/9-D-ribo-
furanosyl purine-6-sulfÃ¬namide(sulfinosine), a novel derivative of 6-thio-
guanosine (6TGR), was active aganist six solid tumors and four strains
of experimental leukemia. Sulfinosine penetrated the central nervous
system more readily than did 6TGR and, when given repeatedly, was
much more effective in the treatment of 1,12111leukemia, being curative
for some mice. Other findings of major interest to us were the different
dosing characteristics of sulfinosine and 6TGR, the divergent efficiencies
of the two drugs in generating cellular resistance, and the activity of
sulfinosine against experimental leukemias refractory to 6TGR and other
experimental or clinically used chemotherapeutic agents. The chemo-
therapeutic characterization of sulfinosine that evolved from these studies
suggests that this agent may have unique properties that deserve clinical
consideration. Both the dosing characteristics of the drug and its pro
nounced activity against thiopurine-resistant experimental leukemia favor
the possibility that sulfinosine could be used to advantage in the treatment
of human leukemia unresponsive to 6-mercaptopurine or 6-thioguanine.

its free base and, when given p.o., was somewhat more active
than 6TG indicated a slight improvement in biological activity.
Recently, the novel nucleoside derivative of 6TGR 2-amino-9-
/3-D-ribofuranosylpurine-6-sulfinamide (sulfinosine), (Fig. 1),
was synthesized and targeted by routine screening in mice as a
potential chemotherapeutic drug worthy of further study (9).
We now report the results of preclinical investigations in mice
that were performed to extend the therapeutic characterization
of this novel purine nucleoside.

Noteworthy findings were the different dosing characteristics
of sulfinosine and 6TGR, the divergent propensities of these
two compounds for the generation of resistance in experimental
leukemia cells, and the pronounced activity of sulfinosine
against experimental leukemias refractory to 6TGR and other
chemotherapeutic agents. A preliminary report of these findings
was presented at the 80th Annual Meeting of the American
Association for Cancer Research in San Francisco.

INTRODUCTION

6-Mercaptopurine is one of the oldest anticancer drugs pres
ently in clinical use. Introduced more than 30 years ago (1),
6MP2 and its 2-amino congener, 6TG were initially shown to

be beneficial in the treatment of acute leukemia in children and
adults (2, 3). Today, these thiopurine bases remain valuable
agents for the induction and maintenance of remissions in
patients with acute myelocytic leukemia and ALL.

Despite their established clinical importance, 6MP and 6TG
have well known therapeutic limitations (4-7) which have con
tinued to stimulate the search for purine derivatives with en
hanced therapeutic efficacy. To that end, considerable effort
has been directed toward the generation of unique purine nu-
cleosides with biological characteristics unshared by related
compounds, especially those in clinical use. The detection of
novel purine nucleosides active against neoplasms refractory to
one or more related compounds has long been a major objective
of such research.

The first thiopurine nucleoside to reach clinical trial, 6TGR,
was disappointing because it was cross-resistant with 6MP in
humans and provided no significant therapeutic advantage (8).
Even so, the determination that 6TGR was more soluble than
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MATERIALS AND METHODS

Leukemia Studies. With noted exceptions, the leukemia studies to
be presented were performed as described previously (10). Briefly,
female C57BL/6J x DBA/2J F, mice (-18 g). hereafter referred to as
BD2F,, were inoculated i.p. on day 0 with 1 x IO6 cells of murine

leukemia P388, L1210, C1498, or L5178Y. Treatment by i.p. bolus
injection or by catheter gavage was initiated ~24 h later, and postin-
oculation life span was monitored for 60 days. The end points by which
responses to treatment were gauged were the incidence of drug- or
leukemia-induced deaths and the mean postinoculation life spans of
the mice that died. Temporal patterns of death and observations at
necropsy examination were the major criteria for assigning death to
leukemia or drug toxicity.

Studies to determine drug effects on leukemia cells in the brain
differed somewhat from the above. For this purpose, BD2F, mice were
given injections i.p. either of drug or of a 0.9% solution of NaCl 1 day
after intracerebral inoculation with 1 x IO5LI210 cells. Approximately

24 h later, the mice were killed, the brains of six mice/experimental
group were homogenized, and the equivalent of one-half a brain was
injected i.p. into each of seven untreated mice of the same strain. Mean
postinoculation life spans were then determined and viable L1210 cells/
brain were estimated by using concomitantly derived inoculum response
data that defined the relationship between life span and inoculum size
(11). The numbers of viable leukemia cells in the spleens, livers, lungs,
marrow, and peripheral blood of untreated mice on postinoculation
days 1 and 7 were similarly estimated. With these tissues, recipient
mice were inoculated with the equivalent of one-half a liver, spleen, or
lung, one-half the marrow from one femur, or O.I ml of peripheral
blood.

Sublines of LI210 leukemia refractory to treatment with ara-C,
6TGR, MTX, S-CAR, FEN, MRPP, 5-FU, or L-PAM were also used
in these studies. The ara-C-, 6TGR-, and MTX-resistant sublines were
obtained from the NCI. The ara-C and 6TGR sublines were deficient,
respectively, in 2'-deoxycytidine kinase and HGPRT, while the MTX

subline had an elevation in cellular dihydrofolate reducÃase.The 6TGR-
resistant subline was designated L1210/6MP.6TG by the NCI, indicat
ing its resistance also to treatment with 6MP or 6TG. As used here, it
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Fig. I. Chemical structures of 6-thioguanosine and sulfmosine.

was 99.12% HGPRT-depleted compared with wild type LI 210. LI 2IO/
L-PAM, kindly provided by the Southern Research Institute. Birming
ham, AL. had elevated levels of cellular glutathione. Suhlines resistant
to S-CAR, FEN, MRPP, and 5-FU. were generated in our laboratory
by repetitively passaging residual LI210 cells from drug-treated mice.
The requisite number of passages varied substantially, ranging from 2
for L1210/FEN to 30 for L1210/5-FU. Confirmatory studies are
expected to show that the MRPP and FEN sublines were deficient,
respectively, in AK and HGPRT. and the mechanisms of L1210/S-

CAR and L1210/5-FU resistance are under investigation.
Solid Tumor Studies. A glioma, a sarcoma, a melanoma, and three

carcinomas were tested for responsiveness to treatment with sulfinosine.
The melanoma and two of the carcinomas were of human origin and
were studied as xenografts. In these studies, fragments (~25 mg) of
human mammary (MX-1) or human colon (CX-1) carcinoma were
implanted s.c. in the left flanks of CD-I nude (nu/nu) mice, and
treatment was initiated 3 weeks later when mean tumor weights usually
were in the 200- to 400-mg range. Tumor measurements were recorded

on the initial day of treatment (staging day), again on treatment day
12, and daily thereafter through day 21. The assessment end point,
mean tumor weight change (A), was based on length and width meas
urements in mm. For studies involving melanoma xenografts, the CD-
1 mice were inoculated i.p. with 1 x IO6cells of LOX melanoma and

treatment was initiated 24 h later. Increased life span was the assess
ment end point.

In studies involving murine colon carcinoma C26. female BALB/c
x DBA/2J F, mice, hereafter called CD2F,, were inoculated i.p. on
day 0 with 0.5 ml of a 1:100 tumor brei prepared from tumor propagated
in female BALB/c mice. Treatment was initiated 1 day later and
continued through day 1. Increased life span was the end point by
which responsiveness to treatment was gauged.

For studies with reticulum cell sarcoma M5076, female C57BL/6J
mice were implanted s.c. in the left flank with tumor fragments (~25
mg) on day 0. Treatment was initiated 24 h later (day 1), using several

Table I Responses ofI.I 210 inoculateti HI)2F, mice lo various regimens of dosing with .sulÃŸnosine"

Drug*NaCISulfinosineSulfinosineSulfinosincSulfinosineNaCISulfinosineSulfinosineSulfinosineSulfinosineSulfinosincSulfinosineSulfinosineSulfinosineSulfinosineSulfinosineSulfinosineSulfinosineSulfinosineSulfinosineSulfinosineSulfinosineSulfinosineSulfinosincSulfinosineSulfinosineSulfinosineNaCISulfinosineSulfinosineSulfinosincSulfinosineSchedule
of

administrationq.d.'
Day1q.d.

Day1q.d.
Day1q.d.
Day1q.d.
Day1q.d.

Days1-7q.d.

Days1,4,7q.d.
Days 1, 4,7q.d.
Days1.4,7q.d.
Days 1. 4.7q

d Days1157q
d Days1157q.d.

Davs 1, 3, 5.7q.d.
Days1.3,5,7q.d.

Days1-7q.d.
Days1-7q.d.
Days1-7b.i.d.

Days1,4.7b.i.d.
Days1.4.7b.i.d.
Days 1,4.7b.i.d.
Days 1,4.7b.i.d.

Days1.3.5.7b.i.d.
Davs1.3.5.7b.i.d.
Days1.3.5.7b.i.d.

Days1-7b.i.d.
Days1-7b.i.d.
Days1-7q.d.

Days 1. 4, 7(p.o.q.d.
Days 1. 4. 7(p.o.q.d.
Days 1. 4. 7(p.o.q.d.
Days 1. 4. 7(p.o.q.d.
Days 1. 4, 7 (p.o.Dosage

(mg/kg/injection)17310462371731046237173104623710462371046237226237226237221731046237Postinoculationlife span(days)c6.10

Â±0.3310.38
+0.528.88
Â±0.648.50
Â±0.537.88
+0.646.

10Â±0.3216.40
Â±1.52I4.00Â±

1.2211.80
+0.849.40
Â±0.5517.60

+1.3414
40 + 20713.60

Â±1.5210.60
Â±0.5518.75

Â±2.0614.60
Â±1.8213.00

Â±0.7119.00

Â±0.8215.20
+0.8413.20Â±

1.109.80
Â±1.7917.40

Â±0.8914.40+
1.3411.80Â±
0.8422.00

Â±9.6414.20
Â±1.1012.20
Â±1.106.50

+0.539.00
Â±0.719.00

+0.009.40
Â±0.559.40
+ 0.89%T/C'170146139129269230193154289236223174307/239213311'249216161285236193361*233200139139145145

" Mice Â«ereinoculated Â¡.p.on day 0 with 1 x 10*cells of murine leukemia LI 210 and. starting 24 h later, were given bolus injections of sulfinosine. using a variety

of treatment regimens.
* Except for delivery p.o.. all solutions Â»eredelivered i.p. (0.01 ml/g mouse weight). Control mice were given injections of a 0.9'; solution of NaCI. Twice daily

treatments (bidl were made at 1000 and 1400 h.
c Mean Â±1 SD.
**Treatment responses (5 or 8 mice/treatment group: 10 mice/control group) presented as 'VT/C Â»erecalculated according to the equation presented in footnote

2. A T/C 2 125 is considered biological!) significant.
' q.d.. once a da>: b.i.d.. twice a day.
' Treatment group included one 60-day survivor that was considered curved and was not included in the calculation of mean life span.
* 1rcatmenl group included one mouse that died from drug loxicity and Â»asnot included in the calculation of mean life span.
ATreatment group included tÂ»o60-day survivors that were considered cured and Â»erenot included in the calculation of mean life span.
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Mice treated qd; d1 following inoculation
with L1210 cells previously Veated as indicated

qd; d1 qd; d1,4 qd; d1,4,7

Schedule of Initial Treatment
Fig. 2. Responses of BD2F, mice inoculated with untreated or previously

treated L1210 cells to a single treatment with 6TGR. Mice were inoculated i.p.
on day 0 with 1x10' leukemia cells and. starting 24 h later, were given injections

i.p. of 6TGR (8.1 mg/kg/injection) on three different schedules of treatment.
Leukemia cells that survived treatment were collected and used to inoculate other
mice which were then given a single injection of 6TGR 24 h later. Each treatment
group consisted of 3 mice. The average survival time of 4 groups of untreated
control mice was 6.75 Â±0.55 days.

120

MIX ADR 6-MP ARA-C CYT FIN BCNU

Fig. 3. Viable LI210 cells in mouse brain 24 h after a single i.p. treatment
with various anticancer drugs. Female BD2F, mice were given injections once
i.p. of MTX, Adriamycin. 6MP, ara-C. cyclosphosphamide, sulfinosine. 1,3-bis(2-
chloroethyl)-l-nitrosourea, or a 0.9% solution of NaCl 1 day after intracerebral
inoculation with 1 x 10! LI210 cells. Approximately 24 h later, the mice were

sacrificed and their brains were collected for bioassay. Brains from 6 mice in each
experimental group were homogenized and filtered through size 60 stainless steel
mesh. The resulting suspensions were extended to volume with Earle's balanced
salt solution and an aliquot equivalent to one-half a brain was injected into each
of 7 mice/group. Mean postinoculation life spans were determined for the brain-
inoculated mice, and viable LI210 cells per brain were estimated by using
concomitantly derived inoculum response data that defined the relationship
between life span and inoculum size. Drug dosages (mg/kg) were: MTX, 12;
Adriamycin, 3; 6MP, 160; ara-C, 1200; cyclophosphamide 140; sulfinosine, 173;
and l,3-bis(2-chloroethyl)-l-nitrosourea, 20.

regimens of dosing and, thereafter, life span was monitored to gauge
treatment efficacy.

In the conduct of our brain tumor studies, male C57BL/6J mice
were implanted s.c. near the left flank with 2-4 mm fragments (~25
mg) of Glioma 261 on day 0. Treatment was initiated on postinocula-

tion day 1 and scheduled for once daily delivery thereafter for a total
of 9 i.p. injections. Caliper measurements were made daily, and drug
activity was assessed by inhibition of tumor growth.

All drugs were dissolved immediately before use and were delivered
in uniform volumes of 0.01 ml/g mouse weight. In this manner, each
drug was delivered at 10 times in mg/kg its concentration in mg/ml.
The studies with sulfinosine were performed with 2-amino-9-0-n-ribo-
furanosylpurine-6-sulfinamide, which was a 50% mixture of R- and S-

diastereomers due to the chiral sulfur atom of the compound. The
neoplasms used in these studies were obtained from the NCI.

RESULTS

The maximum solubility of sulfinosine in water was 17.3 mg/
ml while that of 6TGR was only 0.81 mg/ml. Accordingly, the
maximum dosages which could be delivered as a single bolus,
using our volumetric scheme of dosing, were 173 mg/kg for
sulfinosine and 8.1 mg/kg for 6TGR. As determined by the
delivery of increased volumes of sulfinosine, 173 mg/kg also
proved to be the maximum nonlethal dosage ofthat drug. 6TGR
was also tested at the 173-mg/kg dosage after being dissolved
in a 0.078 N solution of NaOH.

Given at the 173-mg/kg level of dosing, sulfmosine was active
against four different strains of murine leukemia. Relative to
controls, mice inoculated i.p. on day 0 with 1 x IO6experimen

tal leukemia cells exhibited significant increases in mean life
span (%T/C: P388, 154; L1210, 167; C1498, 145; L5178Y,
139) after a single i.p. treatment on postinoculation day 1. P388
and LI210 are lymphocytic null cell leukemias (12). L5178Y
is a lymphocytic T-cell leukemia (13), and C1498 is myelocytic

(14).
The data in Table 1 resulted from dosage-ranging studies in

which sulfinosine was delivered to L1210-inoculated mice on a
variety of schedules. One objective of these studies was to gain
a more precise estimate of the therapeutic potential of sulfino
sine than was provided by the single treatment schedule already
described. A second objective was to determine the scheduling
and dosage-ranging characteristics of the drug, i.e., whether
increasing quantities of drug would produce improved re
sponses within limits of dosing tolerated by the mouse. As
gauged by mean postinoculation life span, responses to treat
ment were clearly dosage dependent except when sulfmosine
was given p.o. This characteristic was evident with every sched
ule of parenteral drug delivery. Overall therapeutic efficacy was
strongly related to cumulative drug dosage and appeared sched
ule dependent to the extent that certain schedules facilitated
the delivery of greater total amounts of drug. Cumulative dos
ages of sulfinosine ranged from 37 to 868 mg/kg and these
dosages produced respective %T/C values of 129 and 361,
considering only those mice that died with leukemia. The 868-
mg/kg dosage, which resulted from the twice a day delivery on
days 1-7 of sulfinosine at a mg/kg/injection dosage of 62, also
cured two of five mice. The second greatest cumulative dosage
(728 mg/kg), which resulted from the once daily delivery on
days 1-7 of sulfinosine at a mg/kg/injection dosage of 104,
produced a %T/C of 307 and cured one mouse.

In similar trials conducted with 6TGR, cures were not noted
and little evidence of dosage (0.8-173 mg/kg/injection) or
schedule (once on day 1; twice on day 1; once on days 1, 4, 7;
once on days 1, 3, 5, 7; once on days 1-7) dependence was
detected within the limits of dosing studied. One slight excep
tion to that generalization was the indication that a single day
1 treatment with 6TGR was less effective (%T/C 144) than
multiple treatments (%T/C 153). On the other hand, responses
to 6TGR tended to peak after only two treatments as more
prolonged delivery of the drug failed to provide continued
improvement in mean life span. From the data presented in
Fig. 2, it appears that two treatments with 6TGR were sufficient
to generate cellular resistance to the drug.

Curative therapy for LI210 leukemia under the conditions
that prevailed in these studies can best be appreciated when
viewed in the context of the rapid, widespread dissemination of
this leukemia. In the present studies, LI210 cells delivered i.p.
were widely disseminated in untreated mice on postinoculation
day 1 (brain, <100; lung, <100; spleen, >6,000; liver, >64,000)
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Table 2 Activity of sulfmosine against a variety of solid tumors

TumorCX-1,
human coloncarcinoma*MX-1,
human mammarycarcinoma*LOX,

humanmelanoma''Glioma
261'C26,

coloncarcinoma^M5075,
reticulum cell sarcoma*Tumor

growthFvalniitinnMost

effective regimen tested" day (%AT/AC)(%T/C)173

mg/kgq.d.c173

mg/kgq.d.;104
mg/kgq.d.;104

mg/kgq.d.;62
mg/kgb.i.d.;173

mg/kgq.d.;18,22,25,28days

1,Adaysdaysdaysdaysdays,
3,-7-9,4,,4,,7,10,13

17165,7.9,11
171810

177,

12. 15,Median

lifespan(%T/C)275196167

Â°Sulfinosine was administered i.p. with a variety of dosages and schedules to mice bearing each of the tumor lines shown. Only the regimen producing the best

result is reported here.
* Fragments (~25 mg) of each of the human tumor xenografts were implanted s.c. near the left flank of female CD-I athymic (nu/nu) mice. The indicated regimens

of treatment were initiated 3-4 weeks later when the mean tumor weights were 200-400 mg. Estimates of tumor weight were based on length and w idth measurements

in mm.
c q.d., once a day; b.i.d., twice a day.
d Female CD-I athymic (nu/nu) mice were inoculated i.p. on day 0 with 1 x IO6 LOX melanoma cells which were taken from mice of the same sex and strain.

Two mice in this treatment group were cured.
' Male C57BL/6J mice Â»ere implanted s.c. near the left flank on day 0 with fragments (~25 mg) of Glioma 261 taken from mice of the same sex and strain.

Estimates of tumor weight were based on length and width measurements in mm.
! Female CD2F, mice were inoculated i.p. on day 0 with 0.5 ml of a 1:100 tumor brei prepared from colon 26 tumor propagated in female BALB/c mice.
* Female BD2F, mice were implanted s.c. near the left flank on day 0 with fragments (~25 mg) of reticulum cell sarcoma M5076 which was maintained in female

C57BL/6J mice.

Table 3 Responses ofBD2F( mice inoculated with 6TGR-resistant L12ÃŒOcells to treatment with sulfinosine"

Drug*NaCISulfinosineSulfinosineSulfinosineSulfinosineSulfinosineSulfinosineNaCISulfinosineSulfinosineSulfinosineSulfinosineNaCISulfinosineSulfinosineSulfinosineSulfinosineSulfinosineSulfinosineSulfinosineSulfinosineSulfinosineSchedule
of

administrationq.d.'
Dayq.d.

Day1q.d.
Day1q.d.
Dav1b.

.d. Dav1b.

.d. Day1b.

.d. Day1b.

.d. Days , 3, 5,7b.

.d. Days , 4,7b.i.d.
Days , 3, 5,7b.i.d.
Days , 4,7b.i.d.
Days , 3, 5,7q.d.

Daysq.d.
Daysq.d.
Daysq.d.
Daysq.d.
Daysq.d.
Daysq.d.
Daysq.d.
Daysq.d.
Daysq.d.

Days-7-7-7-7,

3, 5,7,
3, 5,7,
3, 5,7,4,7,4,7,4,7Dosage

(mg/kg/injection)1731046217310462623762

po37
DO104623710462371046237Postinoculation

life span(days)c6.00

Â±0.718.67
Â±0.587.67
Â±1.157.33
Â±0.581.33
Â±0.589.00
Â±0.008.00
Â±0.006.40

Â±0.5511.20Â±
1.3010.60

Â±1.146.21
Â±0.456.02
Â±0.456.20

Â±0.3210.20
+0.459.80
Â±0.458.40
Â±0.559.40
Â±0.558.60
Â±0.557.40
Â±0.899.60
Â±0.898.80
Â±1.487.00
+ 0.71%T/CÂ¿145127122Tox1501331751669794165158135152139119155142113

" Mice were inoculated i.p. on day 0 with 1 x 10' cells of murine leukemia L1210/6TGR and. starting 24 h later, were given bolus injections of sulfinosine, using

several treatment regimens.
* Except for delivery p.o.. all solutions were delivered i.p. (0.01 ml/g mouse weight). Control mice were given injections of a 0.9% solution of NaCI. Twice daily

treatments were made at 1000 and 1400 h.
' Mean Â±1 SD.
d Treatment responses (5 mice/treatment group; 10 mice/control group) presented as %T/C were calculated according to the equation presented in footnote 2.
' q.d., once a day; b.i.d., twice a day.

when treatment with sulfinosine was initiated and increased
greatly in these tissues by day 7 (brain, >400,000; lung,
>600,000; spleen, -4,000,000; liver, > 120,000,000), while also
appearing in the blood (>300,000) and marrow (>500,000) at
that time. The strong implication of the data is the need to kill
leukemia cells throughout the body in order to effect a cure. As
shown in Fig. 3, sulfinosine penetrated the central nervous
system and killed ~92% of L1210 cells in the brain, appearing
to rival ara-C and cyclophosphamide in that respect.

Table 2 contains the results of studies in which the therapeu
tic efficacy of sulfinosine was studied by using three solid
tumors of murine origin and three solid tumor xenografts of
human derivation. As gauged by %AT/AC, sulfinosine inhibited
the growth rates of advanced colon carcinoma (CX-1) and
advanced mammary carcinoma (MX-1) by >80%. When com
pared with untreated controls (%T/C), the growth of Glioma
261 was 99% inhibited by treatment and the median life spans

of mice bearing reticulum cell sarcoma M5076, colon carci
noma C26, and LOX melanoma were increased, respectively,
by 67, 96, and 175%.

In subsequent trials, mice inoculated with LI210 cells resist
ant to treatment with 6TGR were tested for responsiveness to
treatment with sulfinosine. As indicated by treatment-induced
increases in mean postinoculation life span (Table 3), sulfino
sine was active against this 6TGR refractory leukemia. As in
the treatment of LI210/0, the sulfinosine-induced responses
were dosage dependent on every schedule of parenteral drug
delivery. Unlike the results that were obtained with parent strain
L1210, however, sulfinosine did not appear active against
L1210/6TGR when given p.o.

In addition to its activity against L1210/6TGR, sulfinosine
was indicated by the data shown in Fig. 4 to be active against
sublines of LI 210 resistant to treatment with ara-C, MTX, S-
CAR, FEN, 5-FU, MRPP, and L-PAM. The results obtained
with L1210/ara-C suggest collateral sensitivity.
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CJ

280

230

180

130

80

Treatment with sulfinosine

Treatment with drug to which
L1210 subline was unresponsive

ARA-C MTX S-CAR FEN MRPP 5-FU L-PAM

Drug to which L1210 Subline was Unresponsive
Fig. 4. Responses of BD2F] mice bearing different drug-resistant sublines of

L1210 leukemia to treatment with sulfinosine. Mice were inoculated i.p. on day
0 with 1 x 10*cells of a subline of murine leukemia L1210 that was resistant to
treatment with ara-C, MTX, S-CAR. FEN. MRPP. 5-FU, or L-PAM. Starting
24 h later, mice were given i.p. bolus injections of either sulfinosine or the drug
to which the L1210 subline was unresponsive. Mice bearing each subline were
treated with 173 mg/kg of sulfinosine once on day 1 with the exception of the
L12IO/5-FU-bearing mice, which were treated once a day on days 1. 3, 5. and 7.
Dosages (mg/kg) and schedules (once a day. days indicated) used for other drugs
were: ara-C, 720, days 1, 4, 7; MTX. 12. days 1. 4. 7; S-CAR. 200. day 1: FEN,
22, day 1: MRPP, 62, day 1; 5-FU. 20, days 1-7; and L-PAM. 13. day 1. The
mean life spans of control mice inoculated with the various drug-resistant sublines
of L1210 ranged from 6.00 Â±0.00 to 7.75 Â±0.50 days.

DISCUSSION

The nucleoside analogue sulfinosine resulted from the intro
duction of an amino group to the sulfur atom of 6TGR and
subsequent selective oxidation of the resulting 2-amino-9-/3-D-
ribofuranosylpurine-6-sulfenamide (sulfenosine) to the corre
sponding 6-sulfinamide (9). Further oxidation produced the
corresponding 6-sulfonamide (sulfonosine). In earlier studies,
the chemotherapeutic properties of sulfenosine and sulfonosine
were found to differ dramatically (15). The limitations of sul
fenosine were very similar to those described here for 6TGR.
Sulfonosine, on the other hand, exhibited a different biological
profile and was remarkably active against experimental leuke-
mias unresponsive to treatment with either sulfenosine or
6TGR. Sulfinosine, the oxidative intermediate that is the sub
ject of the present report, appeared to possess the desirable
chemotherapeutic properties of both sulfenosine and sulfono
sine and was more soluble than either. Overall, sulfinosine
exhibited moderate or greater activity against six solid tumors
and four different strains of murine leukemia.

Chemotherapeutic drugs are usually titrated to maximum
effectiveness by administering increasing dosages until a limit
ing host toxicity has been established. 6MP appears to be an
exception. The results of clinical as well as preclinical studies
with this drug have indicated either a lack of relationship
between dosage and elicited response or an actual decrease in
efficacy with increasing dosage (4-6). In the present studies,
6TGR exhibited a similar limitation of dosage-related efficacy,
while the therapeutic performance of sulfinosine clearly im
proved with increasing dosage. The curative capability of the
latter indicates that it was possible to schedule sulfinosine for
repeated delivery at dosages that progressively diminished neo-
plastic cell populations, killed a high percentage of susceptible
cells with each treatment, and probably killed leukemia cells in
every major organ of the body. When given repeatedly, 6TGR
was much less effective than sulfinosine in the treatment of
LI 210 and little evidence of either dosage or schedule depend
ence was detected. It seems likely that these findings resulted
from the rapid development of cellular resistance, as our exper

imental leukemia cells became unresponsive to 6TGR after only
two treatments.

The development of resistance to drugs used in standard
regimens of therapy, e.g., the use of 6MP as postinduction
continuation therapy for ALL patients, is universally acknowl
edged as a major impediment to the effective treatment of
cancer. The rapid onset of resistance to 6TGR described here
is indicative ofthat problem. On the other hand, the subsequent
determination that our 6TGR-resistant cells were responsive to
treatment with sulfinosine indicates that drugs can be designed
to overcome the problem. Although the metabolism of sulfi
nosine is the subject of ongoing investigation, the drug appears
to be multimechanistic (16, 17). In preliminary studies per
formed in vitro, sulfinosine was active against WI-L2 lympho-
blasts deficient in either HGPRT or AK and was phosphory-
lated by either enzyme. From this observation, it appeared that
AK activation probably accounted for the activity of sulfinosine
against cells deficient in HGPRT. In the same studies, however,
sulfinosine was active against WI-L2 cells deficient in both
enzymes and this observation appeared to implicate an addi
tional metabolic mechanism that presently has not been iden
tified. In the context of providing effective therapy for drug-
resistant leukemia, it is of interest that sublines of LI210
unresponsive to treatment with ara-C, MTX, S-CAR, FEN, 5-
FU, MRPP, or L-PAM also responded to treatment with
sulfinosine.

The chemotherapeutic characterization of sulfinosine that
has evolved from these preclinical studies suggests several com
pelling possibilities for clinical investigation. Because it crosses
the blood-brain barrier, sulfinosine might be evaluated clinically
as a possible treatment for tumors of the brain. On the basis of
its apparent collateral activity against L1210/ara-C and its
similarity to ara-C in penetrating the central nervous system,
sulfinosine would also appear to be an appropriate secondary
drug where ara-C therapy is indicated. In that same context,
the pronounced activity of sulfinosine against several other
drug-resistant neoplasms would be expected to generate similar
opportunities. The 6TGR-resistant strain of LI210 developed
in these studies was equally unresponsive to treatment with
6MP or 6TG. The activity of sulfinosine against this thiopurine-
resistant experimental leukemia and its favorable dosing char
acteristics support the possibility that the drug might be used
to advantage in the treatment of human leukemia unresponsive
to 6MP or 6TG. If effective as continuation therapy for patients
with ALL, it appears likely that sulfinosine might also reduce
the requirement for prophylactic irradiation of the brain.
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