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Effect of 06-Benzylguanine Analogues on Sensitivity of Human Tumor Cells to the
Cytotoxic Effects of Alkylating Agents1
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ABSTRACT
The effect of O'-ben/ylguaninc. OM/i-chloroben/yUguanine, and O*-

(/7-methylben/yl)guanine Â»nthe sensitivity of various human tumor cell
lines to alkylating agents is evaluated. The sensitivity of human colon
tumor cells, 1II 29, to the chloroethylating agents, l,3-bis(2-chloroethyl)-
1-nitrosourea, l-(2-chloroethyl)-.Vcyclohe\yl-l-nitrosourea, 2-chloro-
ethyl(methylsulfonyl) methanesulfonate (clomesone). and chloro/otocin
was increased by pretreatment for 2 h with 25 MMof each analogue. 06-

Benzylguanine Â»asslightly more effective as a sensiti/cr Â¡nHT29 cells
than the p-chlorobcn/yl and p-mcthylben/yl analogues. However, all
analogues sensitized SF767 glioma cells to the cytotoxic effects of l-(2-
chloroethyl)-3-cyclohexyl-l-nitrosourea. 1.3-bis(2-chloroethyl)-l-nitro-
sourea, and clomesone to the same degree. Both cell lines were sensiti/ed
to the methylating agents strepto/.otocin and 5-(3-methyl-l-tri-
a/eno)imida/ole-4-carbo\amide, the active intermediate of 5-(3,3-di-
methyl-l-tria/enyl)imida/ole-4-carbo\amide, by pretreatment with 10
MMO^-ben/ylguanine for 2 h. The number of Raji cells surviving 50 MM
clomesone decreased 3-fold upon pretreatment for 2 h with 1 MMOh-

benzylguaninc. The degree of enhancement was dependent on the amount
of alkyltransferase protein present in cell lines. For example, HT29 cells
(alkyltransferase activity. 381 fmol/mg protein) exhibited a greater de
gree of enhancement when treated with O^-ben/ylguanine than SF767
(77 fmol/mg protein) and M19-MKI. melanoma (36 fmol/mg protein)
cells. There was no enhancement observed in mer" cell lines, 1'251 (<2

fmol/mg protein), and BF (3 fmol/mg protein), or with alkylating agents
which did not produce a cytotoxic lesion at the ()" position of guanine in

DNA such as cisplatin or 4-hydroperoxycyclophosphamide. Our studies
suggest that O6-ben/ylguanine analogues may have utility in mer* tumors

as an adjuvant to a variety of alkylating agents which produce a toxic
lesion at the O6 position of guanine.

INTRODUCTION

Alkylating antitumor drugs produce their cytotoxic effect
through a covalent reaction with cellular macromolecules (1-
3). These drugs are used singly, in combination with other
drugs, or in high dose protocols with bone marrow transplan
tation. Some alkylating antitumor agents require metabolic
activation (procarba/ine, DTIC1). while others spontaneously

form active alkylating species (BCNU, CCNU. streptozotocin)
which react with DNA. DTIC. procarbazine, and streptozotocin
methylate DNA, while BCNU, chlorozotocin, and clomesone
chloroethylate DNA. In general, the dose-limiting toxicity of
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alkylating agents is bone marrow suppression, although animal
studies with streptozotocin and chlorozotocin (nitrosourea de
rivatives of glucosamine) indicate that these agents do not
exhibit this toxicity (1,4, 5). However, the dose-limiting toxicity
of chlorozotocin in humans appears to be hematopoietic
suppression (6).

The therapeutic effectiveness of alkylating agents can be
severely limited by drug resistance which may be intrinsic or
may develop after several courses of therapy. There are a variety
of mechanisms which can contribute significantly to cellular
resistance including decreased drug uptake, increased cellular
thiol level, enzymatic detoxification mechanisms, and repair of
lesions generated by alkylation (7-9). Since DNA appears to
be the most critical target for alkylation. enzymes responsible
for removal of DNA lesions act to protect cells from the
cytotoxic effects of alkylating agents (9. 10). The presence of a
DNA repair protein termed f'-alkylguanine-DNA alkyltrans
ferase protects cells against the effects of alkylation at the Oh

position of guanine (7. 11, 12). Most human cell lines can be
divided into two groups depending on their alkyltransferase
levels. Cells with little or no alkyltransferase activity (termed
mer ) are more sensitive to the cytotoxic effects of alkylating
agents, and cells which express the protein (termed mer+)

exhibit resistance to these effects (7, 11-13).
Recently, we demonstrated that exposure to 0''-benz.ylguan-

ine can effectively deplete cells, tissues, and tumors of alkyl
transferase activity and enhance the therapeutic effectiveness of
certain antitumor drugs. (14. 15). We have extended these
studies and describe here the effect of treating a number of
human tumor cell lines including glioma, colon, melanoma,
and lymphoma cell lines with O6-benzylguanine, O6-(p-meth-
ylbenzyljguanine, or 06-(/>-chlorobenzyl)guanine prior to treat

ment with chemotherapeutic alkylating agents. The alkylating
agents examined include compounds that exert their cytotoxic
effect through reaction at the O6 and N7 position of DNA

guanine residues, for example, chloroethylnitrosoureas and
methylnitrosoureas, as well as alkylating agents that react
mainly at the 7 position of guanine residues, such as cisplatin
and 4-hydroperoxycyclophosphamide.

MATERIALS AND METHODS

Chemicals and Drugs. BCNU (NSC 409962). CCNU (NSC 79037).
clomesone (NSC 338947), methyl-CCNU (NSC 95441 ). streptozotocin
(NSC 85998). and chlorozotocin (NSC 178248) were obtained from
the Drug Synthesis and Chemistry Branch, Division of Cancer Treat
ment. National Cancer Institute. Bethesda. MD. 4-Hydroperoxycyclo-
phosphamide was a gift from Dr. M. C'olvin. Department of Oncology,
Johns Hopkins Medical Institutions. Baltimore. MD. MTIC' was a gift

from Dr. Neil Gibson. Department of Pharmaceutical Sciences, Uni
versity of Southern California, Los Angeles, CA. O'-Bcn/ylguanine,
O6-(/7-chlorobenzyl)guanine. 0l<-(/'-methylben/yl)guanine. and 7-ben-

zylguanine were synthesized as described previously (14. 16). MTT and
cisplatin were purchased from Sigma Chemical Co., St. Louis, MO.
Other biochemicals were purchased from Bio-Rad Laboratories. Rich
mond. CA.
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Cell Culture. Both human colon carcinoma cell lines, HT29 and BE.
were obtained from Dr. L. C. Erickson. Stritch School of Medicine.
Loyola University. Maywood. IL. and were maintained as described
previously (14). The human glioma cell line, SF767. was a gift from
Dr. M. E. Berens, Barrow Neurological Institute. Phoenix, AZ. Another
glioma cell line, U251. was obtained from Jan Ponten. Department of
Pathology. University of Uppsala. Uppsala. Sweden. Glioma cell lines
were maintained as described for SF767 cells (15). Raji lymphoma cells
were obtained from Dr. F. Rapp. Pennsylvania State University. College
of Medicine. Hershey. PA. and maintained as described before (17).
M19-MEL and LO\ melanoma cells were received from the Tumor

Repository of the Developmental Therapeutics Program, Division of
Cancer Treatment, National Cancer Institute. Bethesda. MD. Cell
cultures were grown at 37Â°Cin 5rr CO:/95ri humidified air.

HT29 cells plated at a density of 2.5 x 10" cells/T150 flask were
allowed to grow for 3 days prior to treatment with 10 ^M O'-benzyl-

guanine for 30 min. At various times after addition offresti medium,
cells were harvested and stored at -80Â°C until alkyltransferase activity

measurements were performed. Raji lymplioma cells at a density of 5
x IO5 cells/ml were grown in T150 flasks for 2 days prior to exposure
to increasing concentrations of O^-ben/Alguanine for 4 h. Cells were

pelleted and assayed for alkyltransferase.
Cytotoxicity Assay. Cytotoxicity was evaluated using modifications

of the MTT assay as described previously ( 18). Briefly, cells were plated
at a density of 500 cells/well in 96-well plates and allowed to grow for
24 h. Two h prior to drug addition. O6-alkylguanine was added to give
a final concentration of 10 or 25 A/M O^-ben/ylguanine. OMp-chloro-
benzyl)guanine. or 0''-(/>-methylben/yl)guanine. A series of drug dilu

tions were prepared such that the addition of 20 nl of drug solution to
cells resulted in final concentrations between 0 and 2 niM. After 2 h.
medium was replaced with fresh medium or medium containing the
same concentration of O6-benzylguanine analogue for an additional 16

h, at which time all medium was replaced with fresh medium. Five days

after drug treatment, 25 Â¿ilof a 5 mg/ml solution of MTT was added
to each well, followed 2 h later by the addition of 100 fi\ Using buffer.
pH 4.7 (20rt sodium dodecyl sulfate. 50rr .V,.V-dimethylformamide,
and 0.8't acetic acid) for an additional 22 h. A microplate reader set

at 570 nm was used to determine the absorbance. Results were ex
pressed as the fraction of the absorbance determined for cells treated
with drug compared to those treated with vehicle.

Raji lymphoma cells at a density of 1.4 x IO11cells/ml were prein-
cubated for 2 h with I Â¿IMO6-benzylguanine and subsequently treated

with concentrations of clomesone or CCNU between 0 and 100 MN'
while remaining in the same medium. After 2 h at 37Â°C,cells were

diluted 20-fold and allowed to grow for 4 days. Cytotoxicity was
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Fig. 1. Loss of alkyltransfcrase uetiÂ«it\ in 11129 cells exposed lo ()"-bcn/.\\-
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rig. 2. Enhancement of cylotoxicity of
chloruelhv luting agents by 0*-beozylguanilK,
0*-(/>-methylben/yl)guanine. and O"-(/>-chlo

roben/\ l)guaninc. H T29 cells \\ere exposed to
medium containing \ehicle (0.08'< cibano!:
O). 25 /iM O*-benzylguanine (â€¢).25 nM ()"-
(/i-methylben/yllguaninc (A), or 25 A<MO^-ip-

chloroben/\l)guanine (â€¢)lor 2 h prior to the
addition of increasing concentrations of chlo-
rozotocin (.-/). CCNU (A), BCNU (C). or
clomesone (/>) for 2 h as described in "Mate
rials and Methods." Kach point, mean of at

least triplicate samples (bar. Â±SI) for control).
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determined by inhibition of cell growth as determined on a Coulter
Counter.

Assay of Alkyltransferasc Activity. The assay for alkyltransterase
activity was performed as previously described (14. 19). Alkyltransfer-
ase activity was measured as removal of f/'-|'H]mcthylguanine from a
'H-melhylated DNA substrate (21.5 C i/mmol). The extracts were in
cubated with the substrate at 37Â°Cfor 30 min. The DNA was precipi

tated by adding ice-cold perchloric acid at a linai concentration of 0.25
Mand then hydrolyzcd in 0.1 M HCL at 70Â°Cfor 30 min. The modified

bases were separated by reverse-phase high performance liquid chro-
matography with 0.05 M ammonium formate. pH 4.5. containing 6.5'V

methanol (20). Protein was determined by the method of Bradford (21 ).
and the results are expressed as fmol of Oh-methylguanine released

from the DNA substrate/mg of protein.

RESULTS

Exposure of HT29 cells to 10 ^M 0h-benzylguanine for 30

min and replacement with fresh medium led to a complete and
rapid loss of alkyltransferase activity which remained below
10% of pretreatment levels for up to 16 h (Fig. 1). Previous
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Fig. 3. F.ffeci of O'-benzylguanine on the sensitivity or human tumor cell lines
to clomcsone. SF767 (A), 11251 (A), and BE (C) cells Â»ereexposed to fresh
medium containing vehicle (0.08':r cthanol: O) or medium containing 25 MMO6-
benzylguanine (â€¢)l'or 2 h prior to the addition of increasing concentrations of

clomcsone for 2 h. After 6 days, MTT analysis was performed to determine cell
density. Each point, mean (bar. Â±SD)of three determinations.

data indicated that O6-(p-chlorobenzyl)guanine and Oh-(p-
methylbenzyljguanine were as potent as O''-benzylguanine at

depleting alkyltransferase levels in cells at this concentration,
although the regeneration rate with these analogues has not
been determined (14).

The effect of pretreatment of HT29 cells with 25 /J.M0"-
ben/ylguanine. Â£>''-(/>-chlorobenzyl)guanine, or 0''-(/?-methyl-

benzyOguaoine for 2 li resulted in an enhancement of the
sensitivity of cells to chlorozotocin, CCNU, BCNU. or clome-
sone (Fig. 2). All three O''-benzylguanine analogues were effec

tive at increasing the sensitivity of HT29 cells to the cytotoxic
effects of chloroethylating agents. These data are in agreement
with our previous report that the sensitivity of HT29 cells to
CCNU and clomesone was enhanced by prctreatment with 10
^M 0('-benzylguanine as measured by the colony-forming assay
(14). Exposure to 0('-benzylguanine or the analogues alone

showed no toxic effects at the doses used in these experiments.
The sensitivity of human glioma cell lines, SF767 and U251,

human glioma cell lines, and a human colon tumor cell line,
BE. to clomesone was also examined. Cells were treated with
either vehicle (control) or 25 ^M 0('-benzylguanine for 2 h prior

to treatment with increasing concentrations of clomesone (Fig.
3). The apparent lack of increase in toxicity of clomesone upon
pretreatment of U251 and BE cell lines with 0''-benzylguanine

is due to a low intrinsic alkyltransferase activity. The enhance
ment ratios for cells treated with 06-benzylguanine, Oh-(p-
chlorobenzyl)guaninc, and O'-(/J-methylbenzyI)guanine prior

to chlorozotocin, CCNU, BCNU, and clomesone are shown in
Table 1. The enhancement ratio is the ratio of the percentage
of cells surviving without O''-alkylguanine derivative pretreat
ment divided by the percentage of cell survival with 06-alkyl-

guanine pretreatment at a specific dose of alkylating agent.
Although 0''-benzylguanine enhances the chemotherapeutic

agents to a greater extent than the /Â»-methylbenzyl and p-
chlorobenzyl derivatives in HT29 cells, this does not hold true
for SF767 cells in which all derivatives enhance to the same
degree. The difference may not be significant; however, some
cells may be more permeable to lipophilic agents which could
result in differences in the relative uptake of the different
analogues.

The enhancement ratio and the alkyltransferase activity for
several glioma, melanoma, and colon tumor cell lines are sum
marized in Table 2. The degree of enhancement is greater in
cells with higher levels of alkyltransferase activity for all three
0''-benzylguanine derivatives (Tables 1 and 2). Cells with little
or no alkyltransferase activity (mer") are already more sensitive

to the alkylating agent and show little or no effect when treated

Table I Enhancement ratio of alkylating agents pretreated with
O^-bÃ'nzylgttanint'analogues

HT29 or SI-"767cells were treated with 25 MMO* ben/ylguaninc analogues for

2 h prior to a 2-b incubation with the chloroethylating agent and the percentage
survival relative to control (/.ero drug addition) was determined. The cells were
pretreated with O6-ben/ylguanine. f}6-(/>-chloroben/yl)guanine. or O^-i/Ã®-melh-

ylben/yOguanine. The enhancement ratio represents the ratio of percentage of
surviving cells at a specific dose of alkylating agent divided by the percentage of
surviving cells pretreated with the O'-bcn/.ylguanine derivative.

Enhancement ratio

AlkylatingagentChloro/otocin

(100MM!CCNU
(25MM)BCNt'

(38MM)Clomesone

(100 MM)t>6-Ben7\l-

O6-(/>-Chloro-

Cell line guaninebcn/yDgiianine.

HT29HT29SF767MT29SF767HT29SF76710.06.91.94.02.7104.33.13.71.03.42.27.65.0O"-(/)-Methyl-

ben/yl)guanme4.22.71.41.72.09.14.5
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Table 2 Ratio of enhancement ufB('.\l anil ctomesone on human culmi,

melanoma, ana brain tumor cell lines
Each cell line was assayed for alkyltransferase activity as described in "Mate

rials and Methods." Cells were treated with 25 MMO6-benzylguanine for 2 h prior
to a 2-h incubation with the chloroethylating agent and the percentage survival
relative to control was determined. The enhancement ratio was determined at the
dose indicated for BCNl' and clomesone.

Enhancement ratio

Alkyltransferase
Cell line activity(fmol/mglHT29

(colon)SF767
(brain)M19-MEL
(melanoma)BE
(colon)U25I
(brain)LOX

(melanoma)38177363<2<2BCNU(38^1)4.02.72.01.10.91.0Clomesone

(50MM)3.32.81.31.0I.I1.0

0.1 0.2 0.3 0.4 0.5
60-benzylguanine

served at a concentration of 0.5 MM.Exposure of cells to 1 MM
O^-benzylguanine for 2 h prior to increasing concentrations of

clomesone for 2 h led to a greater sensitivity of cells to clome
sone (Fig. 4B). This effect was also observed for CCNU (data
not shown).

The ability of 06-benzylguanine and analogues to sensiti/.e

cells to chemotherapeutic methylating agents was also deter
mined. SF767 and HT29 cells were exposed to 10 MM O6-

benzylguanine for 2 h. followed by concentrations of MTIC,
the active intermediate of DTIC, between 0 and 400 MM(Fig.
5, A and C). At 200 MMMTIC, the enhancement ratio was
about 1.5-fold for both cell lines after treatment with Oh-

benzylguanine. A greater increase was observed by treating
SF767 cells with 06-benzylguanine prior to streptozotocin, a

methylnitrosourea derivative of glucosamine (Fig. 5B). The
sensitivity of SF767 cells to the cytotoxic effects of streptozo
tocin was similarly increased with 0''-(/>-niethylbenzyl)guanine

as the pretreatmcnt agent (data not shown). A greater sensitivity
of HT29 cells to streptozotocin upon pretreatmcnt with 25 MM
0''-benzylguanine, 0''-(/>-methylbenzyl)guanine, or O''-(p-cMo-

robenzyl)guanine is shown in Fig. 5/).
The effect of 0"-bcn/.ylguanine analogues on alkylating

agents whose mechanism of cytotoxicity does not involve re
action at the 0" position of DNA guanine residues was also
evaluated. The sensitivity of HT29 cells to two such agents, 4-
hydroperoxycyclophosphamide, an analogue which is metabo
lized to the active intermediate of cyclophosphamide, and cis-
platin was not enhanced by treatment with 0''-ben/ylguanine
(Fig. 6, A and li). As expected, 7-benzylguanine which does not
deplete cells of alkyltransferase activity (14), does not enhance
the sensitivity of cells to BCNU (Fig. 6t'), CCNU, or clomesone

(data not shown).
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Kig. 4. Effect of W-bennlguaninc on alkyltransferase activity and on the
sensitivity of Raji cells to clomesone. Alkyltransferase activity was assayed in Raji
cells after exposure to increasing concentrations of (J'-bcn/ylguaninc for 4 h (.-().
Cells were pretreated with medium (O) or I MM(â€¢'"-bcn/ylguanine(â€¢)for 2 h

prior to clomesone (H). After 4 days of growth, cell number was determined by a
Coulter Counter, liach point, mean (bar, Â±SD)of three determinations.

with 0''-benzylguanine prior to the alkylating agent (Fig. 3;

Table 2).
Raji, a human lymphoma cell line which grows in suspension,

was assayed for alkyltransferase activity after being incubated
with increasing concentrations of 0''-benzylguanine for 4 h
(Fig. 4A). There was a dose-dependent decrease in the alkyl
transferase activity in Raji cells with complete depletion ob-

DISCUSSION

Our results demonstrate that 0"-benzylguanine, 0"-(/>-ehlo-
roben/yl)guanine, and O<1-(/?-niethylben/yl)guanine can be used

to enhance the cytotoxicity of chloroethylating and methylating
agents which react at the O" position of cellular DNA guanine

residues. An analysis of several tumor cell lines including hu
man brain, melanoma, lymphoma, and colon have illustrated a
correlation between the extent of enhancement and the amount
of alkyltransferase. Cell lines with high levels of alkyltransferase
activity (mer+) exhibited a greater enhancement of cytotoxicity

than cell lines with little or no alkyltransferase (nier). This
may be advantageous clinically if the tumor and corresponding
tissues differ in their alkyltransferase activity. The dose-limiting
toxicity of the chloroethylnitrosoureas is myelosuppression.
However, since bone marrow cells have very low levels of
alkyltransferase (22), 0"-benzylguanine would not be expected

to increase the bone marrow toxicity of these agents.
The presence of the alkyltransferase protects human tumor

cells from the cytotoxic effects of chloroethylating agents such
as chloroethylnitrosoureas and clomesone. The mechanism of
protection involves the prevention of DNA interstrand cross
links by the chloroethylating agents or the removal of methyl
groups from the O" position of guanine formed by the methy

lating agents (7). Cross-links occur by intramolecular re
arrangement of O''-chloroethylguanine residues to O",A"-ethan-

oguanine residues in DNA, and these can react with the com
plementary strand of DNA to form l-(.Vdeoxycytidyl)-2-(l-
deoxyguanosinyl)ethane (23-25). The alkyltransferase removes
chlorocthyl groups from the O" position (26, 27) and/or it
reacts with O'',A"-ethanoguanine (28) in DNA to form a cross-
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Fig. 5. F.nliancemenl of nicihvlating agents
In prclrcatmcnl Â«ith 0*-bcnz}1guaninc in
SF767 and HT2s> cells. SK767 (A and Hi and
HT2s> (('and lÃ¬)cells were exposed to medium

containing Â«chicle(0.08'< cihanol: O) or me
dium containing IO n\i 0*-bcnz)iguaome {â€¢)
l'or 2 h prior to the addition of increasing
concentrations of MTIC (A and (') or strep-

lo/otocin (#). H T29 cells Â«ere exposed to
\chiclc (C). 25 JAI O'-beii/vlguaninc (â€¢).25
Ã•/MO"-(/i-nietlnlhcn/\llguanin
(â€¢**-(/'-chloroben/vI(guaninc {â€¢

to the addition of increasing co
Mrepto/otoein (I)). MIT assa
determine cell growth after 6 d;
mean (hur, Â±SD| of three deter

(A), or 25 ti\t
for 2 h prior

ccntratiotis of

s. liaclt pttiiil.
linalions.
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link between guanine and the repair protein. Disabling the
alkyltransferase protein presumably increases the cytotoxic ef
fects of the chloroethylating agents by allowing increased num
bers of cross-links to form.

The observation that 6)"-ben/ylguanine and analogues en

hance the cytotoxic effects of chemotherapeutic methylating
agents is also encouraging, since these agents are used exten
sively in the treatment of melanomas and lymphomas (1. 29).
The effectheness of the directly acting methylating agents
strepto/.otocin and MTIC was increased in both SF767 and
HT29 cells. Other methylating agents which require metabolic
activation to generate a methylating species, such as procarba-
zine, would be expected to exhibit enhanced activity. Adminis
tration of procarbazine to nude mice bearing human brain

tumor xenografts resulted in greater growth delay if the tumors
were of the mer phenotype (30). On the other hand. Oh-

metlnlguanine is a mutagenic lesion as well as a toxic lesion
(31). The repair protein acts as an important defense mecha
nism against malignant transformation from exposure to meth
ylating agents (32). Thus, it is unlikely that depletion of the
alkyltransferase will result in enhancement of the cytotoxicity
without an enhancement of the mutagenicity of these agents.
The persistence of procarcinogenic lesions in the DNA of
patients may increase the likelihood of secondary tumor devel
opment.

Not surprising was the lack of enhancement of the alkylating
agents, cisplatin or 4-hydroperoxycyclophosphamide. The
mechanism of toxicity of these drugs involves alkylation at the
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Fig. 6. Lack of enhancement of sensitivi!} to cisplatin or 4-hvdropero\vcvclophosphamidc (4-HC) In (V-ben/vlguaninc and lack of enhancement to effects of
BCNU hv 7-ben/vlguanine. IlT29 cells were treated Â»iihmedium containing vehicle (O.OX'< ethanol: O) or IO /j\i O"-hen/vlguanine <â€¢>for 2 h prior to the addition
of increasing concenlralions of 4-hvdropero\vcvclopliospliamide (.I) or cisplatin I A). SF767 cells Â»eretreated vviih vehicle (O) or 25 n\t 7-ben/vlguanine (â€¢}for 2 h
prior to increasing concentrations of BCNl for 2 h (C). Cell growth after 6 days was measured using the Mil assav. iittch point, mean (hai; Â±SD) of three
determinations.
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7 position of DNA guanine residues and the persistence of these
adducts is not affected by alkyltransferase levels. Clearly, en
hancement is limited to agents whose cytotoxic effect results
from attack at the Oh position of guanine.

Our previous studies have shown that treatment of nude mice
carrying SF767 xenograft tumors with O^-ben/ylguanine prior
to methyl-CCNU treatment led to significant inhibition of
tumor growth ( 15). This, together with the data presented here,
further suggests that O''-benzylguanine or related derivatives

may have considerable utility as an adjuvant in chemotherapy
with a variety of chloroethylating and methylating chemother-

apeutic agents.
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