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ABSTRACT

This study was undertaken to ascertain the importance of prolonged
depletion of 06methylguanine DNA methyltransferase (MGMT) activity,
following 06-benzylguanine (BG) and Streptozotocin (STZ) exposure, in

reversing 1,3 bis(2-chloroethyl)-l-nitrosourea (BCNU) resistance in vitro.
We evaluated BCNU-induced cytotoxicity and measured the temporal
recovery of MGMT activity in human colon carcinoma HT-29 cells fol

lowing treatment with BG, STZ, or the combination of BG and STZ. The
pretreatment regimens which provided the greatest potentiation of BCNU
cytotoxicity were those exhibiting the greatest temporal inhibition of
MGMT activity. The combination of BG (10 JIM)and STZ (1.0 imi) pro
duced sustained inhibition of MGMT activity through 24 h and potenti
ated BCNU cytotoxicity by at least one log greater than either agent alone.
Similarly, BG (10-100 Â¿nilproduced marked reductions in MGMT activ
ity and increased BCNU cytotoxicity in a dose-dependent fashion. A
100-juM dose of BG inhibited MGMT activity for 48 h and potentiated

BCNU induced cell kill by 3 logs greater than BCNU alone. In addition, we
observed that during the period of sustained inhibition of MGMT activity,
no changes in the steady-state MGMT mRNA levels occurred. We con

clude that prolonged inhibition of MGMT activity is an important deter
minant in reversing BCNU resistance and that chemotherapeutic regimens
targeting the inactivation of MGMT activity should be optimized such that
MGMT activity is depleted for at least 24 h following BCNU administra
tion.

INTRODUCTION

The CENU3 produce antitumor responses in fewer than 20% of

patients with nonhematological malignancies, suggesting that the ma
jority of human malignancies are inherently resistant to the cytotoxic
effects of these agents (1). Substantial evidence suggests that the
cytotoxic lesion induced by CENU is the DNA interstrand cross-link

(2). A decomposition product of CENU, the chloroethyl carbonium
ion, reacts with the 0h position of guanine in DNA and produces an
Oh chloroethylguanine (3). This monoadduct can undergo slow intra
molecular rearrangements to eventually form an /V'-guanine, N3-cy-

tosine DNA interstrand cross-link (4). The formation of this cross-link

correlates with the inhibition of DNA replication, reduced RNA tran
scription, the induction of G2 arrest, and the subsequent cytotoxicity
produced by CENU (5-7).

A variety of human tumor cell lines, which are resistant to the cell
killing induced by CENU, prevent the formation of DNA interstrand
cross-links due to their cellular complement of MGMT (8-11). The

role of MGMT in conferring CENU resistance, modulation of such
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resistance, and clinical implications for modulatory therapy have been
recently reviewed (12-14).

MGMT is thought to remove the (/'-alkylguanine DNA monoad

duct produced by chloroethylating agents prior to cross-link formation

(15, 16). In addition, it has been suggested that MGMT may interact
with the cyclized intermediate O'\ N1 ethanoguaninc in DNA and
result in a bulky adduci (17). Repair of either the O"-chloroethyl

monoadduct or interaction with the cyclized intermediate by MGMT
is thought to quench the formation of CENU-induced DNA interstrand
cross-links.

Mechanistically, MGMT catalyzes the transfer of the chloroethyl
monoadduct to the cys-145 residue in its active site restoring the

native guanine (18, 19). Upon removal of the adduci, MGMT is
inactivaled; Iherefore, lesion repair occurs in a stoichiomctric fashion
(15, 19). Direct evidence for the cytoprotective function of MGMT
comes from the observation that when CENU-sensitivc cell lines were

transfected with the bacterial counterpart of the MGMT gene (ADA
gene), or the MGMT complementary DNA, cells became resistant to
BCNU and Ar-methyl-W-nitro-W-nitrosoguanidine (20, 21, 36). Be

cause MGMT is thought to prevent the formation of the cytotoxic
lesion produced by CENU, and the majority of human tumor cell lines
and biopsies tested are MGMT positive, the depletion of MGMT and
reversal CENU resistance could have potential clinical ramifications
(22-24).

Two agents which inactivate MGMT and sensitize CENU-resistant
cell lines are the DNA-methylating agent, STZ, and the free base

guanine analogue, BG. STZ depletes the cellular content of MGMT
and readily sensitizes the CENU-resistant cell line HT-29 to the cy

totoxic effects of BCNU, in vitro (25). In a phase I clinical trial testing
this regimen, the dose-limiting, clinical toxicities of sequenced ad
ministration of STZ and BCNU are thrombocytopenia, transient hy-

pophosphatemia, and proteinuria (26). Additionally, the maximally
tolerated dose of BCNU when combined with STZ is 50% lower than
when BCNU is used as a single agent (26). Although STZ readily
reverses CENU resistance in vitro and potentially in humans, it is
highly mutagenic and potentially carcinogenic (27). Conversely, BG is
a direct inhibitor of MGMT which does not introduce promutagenic
lesions in DNA (28). When HT-29 cells are depleted of MGMT

activity with BG prior to clomesone, BCNU, CCNU, or chlorozotocin
treatment, the cytotoxicities of these CENU are potentiated (29).
Administration of BG followed by BCNU, l-(2-chloroethyl)-3-(4-
methylcyclohexyl)-l-nitrosourea to nude mice carrying HT-29, or

SF767 xenografts results in significant inhibition of tumor growth
(30, 31).

In the current study, we characterize the importance of prolonged
depletion of MGMT following treatment of HT-29 cells with BG,

STZ, or the combination, in reversing BCNU resistance in vitro, and
suggest a potential chemotherapeutic regimen that might attenuate the
clinical toxicities observed in the STZ + BCNU trials. Our studies
demonstrate that the greatest BCNU sensitization is reached when
MGMT activity is depleted prior to and for at least 24 h following
BCNU administration. Moreover, these data suggest that the design
of clinical strategies targeting MGMT inactivation should consider

4281

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/53/18/4281/2451882/cr0530184281.pdf by guest on 19 M

ay 2023



PROLONGED DEPLETION OF MGMT BY STREPTOZOTOCIN AND O"-BENZYLGUANINE

prolonged inhibition of MGMT activity to increase the likelihood of
antitumor responses.

MATERIALS AND METHODS

Cell Culture

HT-29 cells were cultured in Eagle's minimum essential medium, supple

mented with 10% bovine calf serum, N-[2-hydroxyethyl] piperazine-N'-2-

ethane sultonic acid buffer, glutamine, sodium pyruvate. vitamin B12, nones-

sential amino acids, and gentamicin. Cells were maintained in log phase at
37Â°Cin 95% air, 5% CO2 atmosphere.

Colony Formation Assay

HT-29 cells were seeded at 150, 300, 1,000, 3,000, and 10,000 cells/flask
and incubated for 11-14 h to allow for complete attachment. When testing the

cytotoxicity of the various combinations of BG, STZ, and BCNU, triplicate
flasks were individually treated with BG, STZ, and/or BCNU. BG, STZ, and
BCNU were dissolved in dimethylsulfoxide, 0.9% NaCI, or 95% ethanol,
respectively. Cells were cumulatively exposed to BG for 3 h. STZ for 2 h, and
BCNU tor 1 h. In assessing the cytotoxicity induced by BG + BCNU, cells
were treated with BG (10-100 Â¡J.M)for 2 h prior to a 1-h exposure to BCNU.

Following treatment, drug containing medium was aspirated and fresh medium
was added. After 9-10 days, cells were fixed in methanol and stained with

mÃ©thylÃ¨neblue in phosphate buffer. Survival curves show the mean and the SD
of three or more independent experiments.

Measurement of MGMT Activity

The assay for MGMT activity used in this study was developed by Wu et al.
(32) and subsequently modified in our laboratory (25, 33). Cultured cells were
resuspended at a concentration of approximately 3 X IO7 cells/ml of assay

buffer (50 mw Tris pH 8, 1mm dithiothreitol, ImM EDTA, 5% glycerol) quickly
frozen in dry ice, and stored at -80Â°C for subsequent measurement of MGMT

activity. Due to exonucleasc activity of the Klenow fragment of DNA polym-
erase, the radiolabeling of the O''-methylguaninc containing oligomer used in

this study was catalyzed by the Stoffel fragment of the Taq DNA polymerase.
The 18-base pair oligomer containing an O''-methylguanine lesion was

radiolabeled by filling in the 3' recessed end with thymidine 5'-[a-'2P]-

triphosphate (Amersham, Arlington Heights, II). Twenty pmol of probe were
incubated with 10 units of Stoffel Taq DNA polymerase (Perkin Elmer/Cetus,
Norwalk, CT), 50 /nCi of thymidine 5'-[a-'2P]triphosphate (specific activity
3000 Ci/mmol), 1.5 m\i MgCl2, and 1 X Taq buffer at 42Â°Cfor 1 h. The

labeling reaction was terminated with one PCI extraction, one chloroform:i-

soamyl alcohol extraction, and ethanol precipitation.
In measuring MGMT activity, the radiolabeled oligomer was incubated with

10 jig of total cellular protein, PCI extracted, digested with /Vu11 (Gibco BRL,
Gailhersburg, MD), and electrophoresed on a 20% denaturing polyacrylamide
gel. The extent of cleavage of the radiolabeled 18 mer to an 8 mer by Pvu\\ is
directly proportional to MGMT activity. The radioactivity was quantitated on
a Belagen Betascopc 603 blot analyzer. The percentage probe cleaved = CPMs

8 mer/CPMs 18 mer + CPMs 8 mer. Measurement of MGMT activity fol
lowing treatment with BG and STZ was normalized to untreated control
values. Each data point represents the mean and the SD of three independent
experiments.

SI Nuclease Analysis of Steady-State MGMT niKNA Levels

Labeling of the MGMT SI Probe. A polymerase chain reaction-generated
MGMT complementary DNA was subcloned into the pGEM-3Z f vector

(Promega, Madison, WI) and designated pMGMT (34). Ten u.g of pMGMT
were digested with 10 units oÃHint I (Promega) and electrophoresed on a 1%
agarose gel, and the 2.4-kilobase Mini I fragment was excised from the gel and

purified by centrifugation through silanized glass wool at 12,000 X g. The
filtrate was phenol, PCI extracted and ethanol precipitated. The purified DNA
was incubated with 5 units of Klenow DNA polymerase (Promega) and 10 fiCi
of deoxycytidine 5'-[a-'2P]triphosphate (Amersham) (6000 Ci/mmol) at room

temperature for 15 min. The labeling reaction was terminated with one PCI and
one chlorofornrisoamyl alcohol extraction and ethanol precipitated. This probe
protects 570 nucleotides of MGMT mRNA.

SI Nuclease Protection Assay. Excess labeled MGMT SI probe was in
cubated with 40 Â¡igof cytoplasmic RNA in 0.4 M NaCI, 40 mM 1,4-pipera-

zinediethanesulfonic acid (pH 6.8), 2 mM EDTA, and 80% formamide. The
hybridization mixture was denatured at 68Â°Cfor 15 min, immediately trans
ferred to a 53Â°Cbath, and incubated >16 h. Subsequently, the hybridization

reaction was digested with 400 units of SI nuclease (Boeheringer Manheim,
Philadelphia, PA) at 37Â°Cfor 1 h, PCI extracted, ethanol precipitated, and

electrophoresed on a 4% denaturing polyacrylamide gel. The gel was fixed in
10% acetic acid for 15 min, soaked in water for 15 min, dried at 80Â°Cfor 1 h,

and autoradiographed.

RESULTS

Dose-dependent Depletion of MGMT Activity by BG. To mea
sure MGMT activity, a 32P-end-labeled 18-base pair oligomer con
taining an O''-methylguanine lesion in the PvuU restriction site was

incubated with 10 ju,gof whole cell sonicate protein from control and
BG treated HT-29 cells. Repair of O6-methylguanine by MGMT al
lows Pvull cleavage of the oligomer to an 8-base pair 32P-labeled

fragment. The percentage of restriction enzyme cleavage is directly
proportional to MGMT activity. Exposure of HT-29 cells to BG
(0.05-25 /J.M)for 3 h depleted MGMT activity in a dose-dependent

fashion with an approximate dose for 50% inhibition of 150 nM(Fig.
1). To ensure maximal inhibition of MGMT activity, a 10-ju.Mdose of

BG was chosen for BCNU sensitization studies.
Comparison of the Cytotoxicity Induced by the Combination of

BG + BCNU, STZ + BCNU, and BG + STZ + BCNU. Treatment
of HT-29 cells with 10 /Â¿MBG for 2 h prior to a 1-h exposure to BCNU

resulted in an increase in the toxicity of 100 Â¡Ã•MBCNU by approxi
mately 0.5 log (Fig. 2). This sensitization is in agreement with pre
vious reports (28, 29). Administration of STZ at 0.25-1.0 HIMfor 2 h

Fig. 1. Effect of BG on MGMT activity in
HT-29 cells. Cells were exposed for 3 h with
0.05-25 /AM BG. (/'-methylguanine containing

probe was incubated with 0 fig protein (Lane 1 ), 0
(ig protein and digested with /'ri/11 (Lane 2), 0 /ig

protein and digested with HadII (Lane 3), to ^g of
total cellular protein from untreated (Lane 4) or
BG-treated HT-2'Â»cells (Lanes 5-1-1) and digested

with l\u\l. Extent of Prull digestion is propor
tional to MGMT activity.
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Fig. 2. Comparison of the cytotoxicity induced by BG + BCNU, STZ + BCNU. or BG + STZ + BCNU. HT-29 cells were treated with BCNU alone. STZ (0.25, 0.50. 1.0 mm)
+ BCNU, BG (10 U.M)+ BCNU, or BG (10 JIM) 4- STZ (0.25, 0.50, 1.0 HIM)+ BCNU. Cells were exposed to BG for 2 h and STZ for l h prior to a 1-h exposure to BCNU. Identical
survival curves for BCNU alone and BG + BCNU are reproduced in A-C. A-C illustrate the enhancement of BG + BCNU cytotoxicity by STZ a! 0.25. 0.5, and 1.0 mu. respectively.
Points, the mean and the SD of three or more independent experiments. However, the data point depicting the cytotoxicity produced by BG(10 (Ã•M)+ STZ (1 mm) + BCNU (UK)
fiM) represents the mean of two independent experiments.

prior to BCNU exposure did not significantly modify BCNU cyto
toxicity. However, the addition of STZ at the different concentrations
to BG + BCNU increased cytotoxicity in a dose-dependent manner.
HT-29 cells were exposed to BG (10 JU.M)for 1 h, followed by STZ

[0.25 HIM(Fig. 2A), 0.5 ITIM(Fig. 25), 1.0 HIM(Fig. 2C)} for 1 h, and
subsequently to a 1-h exposure to BCNU. These cells received a 3-, 2-,
and 1-h exposure to BG, STZ, and BCNU, respectively. The addition

of noncytotoxic doses of STZ (0.25, 0.5, 1.0 ITIM)to BG + BCNU
resulted in approximately 0.5-1.0 additional log potentiation of BG +

BCNU cytotoxicity. The combination of BG (10 /XM)and the three
doses of STZ were noncytotoxic to HT-29 cells (data not shown).

Resynthesis of MGMT Activity Following Treatment with BG,
STZ, and BG + STZ. When STZ is used as the sole modulator of
CENU resistance, the sensitization to BCNU-induced interstrand
cross-links and cytotoxicity is temporally related to MGMT activity

(33, 35). As the interval between STZ and a CENU is increased,
MGMT activity recovers, and the potentiation of cross-link formation

and cytotoxicity is diminished. These data suggest that resynthesis of
MGMT following STZ might be an important determinant in CENU
resistance. Based on these observations, we hypothesized that the
mechanism by which STZ enhanced the toxicity of BG + BCNU
might be via delaying the regeneration of MGMT activity. Fig. 3
illustrates the regeneration of MGMT activity following treatment of
cells with BG (10 /IM), or STZ (1 HIM),or BG + STZ. Adhering to the
treatment strategy used in the survival assays, HT-29 cells were ex

posed to BG for 3 h and STZ for 2 h. Subsequently, the drug con
taining medium was aspirated, replaced with fresh medium, and the
cells were allowed to recover for 0, 3, 6, 12, and 24 h following drug
removal. At each time point, cells were harvested to assess MGMT
activity (Fig. 3, A and B) and mRNA levels (Fig. 6). Cells exposed to
1 ITIMSTZ alone gradually recovered MGMT activity reaching near
control levels by 24 h. In contrast, cells exposed to BG (10 /XM)
recovered approximately 15% of control activity within 6 h and es
sentially remained at that level through 24 h. Upon sequenced admin
istration of BG and STZ, MGMT activity was completely inhibited
through 24 h. Because prolonged depletion of MGMT activity by BG
+ STZ through 24 h resulted in greater cytotoxicity than either agent
alone, it is suggested that prolonged depletion of MGMT activity
enhances the extent of BCNU sensitivity.

Effect of Increased Doses of BG on BCNU Cytotoxicity and
Recovery of MGMT Activity. To further explore whether prolonged
inhibition MGMT activity is an important determinant in BCNU
resistance, we examined the temporal recovery of MGMT activity and
the potentiation of BCNU cytotoxicity by BG at doses greater than 10

JXM.When HT-29 cells were pretreated for 2 h with 10-100 /Â¿MBG
and subsequently challenged with BCNU, potentiation of BCNU-
induced cell kill increased in a dose-dependent fashion (Fig. 4). When

the recovery of MGMT activity was measured following exposure to
10-100 /Â¿MBG, MGMT activity was also inhibited in a dose- and
time-dependent fashion (Fig. 5). At a 100-/U.Mdose of BG, which

depleted MGMT activity below detectable levels through 48 h, greater
than 3 logs of BCNU induced cell kill was observed. These results

BG UOlM) STZ(lOmM) BG'STZ

I S $ H s S s Ãªs

100

o 40

O STZ (I.OmM)
* BG (10uM)
Â» BG+ STZ

B

9 12 15

Time (hr)

18 21 24

Fig. 3. MGMT activity in HT-29 cells following treatment with BG alone (10 /Â¿M),STZ
alone (1.0 ÃŽTIM),or BG (10 /UM)+ STZ (1.0 mM). Following exposure of cells to BG alone
for 3 h. STZ alone for 2 h, or the combination of BG + STZ, drug containing medium was
aspirated and replaced with fresh medium. Cells were harvested 0. 3, 6, 12, and 24 h
following drug removal. A, MGMT activity in HT-29 cells following drug treatment.

Quantitation of the results within A is shown in B. MGMT activity is expressed as a
percentage of activity measured in untreated HT-29 cells, l'oints, the mean and the SD of

three independent experiments.
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Fig. 4. Effecl of 10-100 IU.MBG on the polcntialion of BCNU cytotoxicity in HT-29
cells. Cells were treated with 10-100 /J.MBG for 2 h prior to a 1-h exposure to BCNU.

Drug containing medium was removed and replaced with fresh medium. Points, mean and
the SD of results from three independent experiments. However, the data point depicting
the cytotoxicity produced by the BG (100 ^LM)H-BCNU (100 /J.M)represents the mean of

two independent experiments.

further support the hypothesis that the time-related depletion of

MGMT activity determines BCNU sensitivity.
Effect of Prolonged Depletion of MGMT Activity on Steady-

State MGMT mRNA Levels. Our laboratory has previously ob
served that steady-state MGMT mRNA levels do not change follow

ing treatment with STZ (33). To examine whether prolonged depletion
of MGMT activity has an effect on the steady-state MGMT mRNA

levels, expression of the MGMT message was measured using an SI
nuclease protection assay. As illustrated in Fig. 6, when cells were
treated with STZ alone, BG alone, or the combination which depletes
MGMT activity for up to 24 h, there was no change in steady state
message levels. Additionally, in HT-29 cells depleted of MGMT ac

tivity for 48 h with 100 JAMBG, MGMT mRNA levels were unaltered
(data not shown).

DISCUSSION

Several studies have demonstrated that STZ-mediated reversal of

CENU resistance appears to be temporally related to the recovery of
MGMT activity (33, 35). As the interval between the combination of
STZ and CENU exposure was increased, the synergistic effects of the
combination on DNA interstrand cross-linking and cytotoxicity were
diminished (35). This time-related attenuation of CENU cytotoxicity

has subsequently been related to functional regeneration of MGMT
activity (33). As the interval between STZ and CENU exposure was
increased, MGMT activity was regenerated and suggested to be re
sponsible for the attenuation of cytotoxicity and cross-linking (33).

The recovery of MGMT activity following BG treatment also ap
pears to be cytoprotective. Dolan et al. (28, 29) observed that the
sensitivity of HT-29 cells to BCNU is greater when cells are treated

with BG prior to and following CENU administration. It was sug
gested that the BG posttreatment facilitated the inactivation of nascent
MGMT molecules and thereby increased BCNU sensitivity. In the
present study, we measured the recovery of MGMT activity following
exposure to a IÃ›-/LIMdose of BG and observed that 15% of control

MGMT activity had recovered. However, this recovery could be pre
vented for 24 h by adding a 1.0 mivt dose of STZ or for 48 h by
increasing the dose of BG to 100 /UM.The prolonged inhibition of
MGMT produced by either STZ addition or by BG (100 JU.M)resulted

in a greater enhancement of BCNU cytotoxicity than the 10-/J.Mdose

of BG. These observations may be explained in the following fashion.
When STZ was added to BG (10 /J.M),the STZ-induced O"-methyl-

guanine lesions in DNA provide stable substrates for MGMT, result
ing in repair-mediated inactivation of the protein for prolonged peri

ods. By increasing the dose of BG to 100 fiM, the residual amounts of
BG remaining within cells, after drug removal, increase and thereby
may provide ample concentrations of the compound to inactivate
MGMT for extended periods. As a consequence of this prolonged
inactivation, the repair of the CENU-induced chloroethyl monoad-

ducts would be prevented and result in increased levels of interstrand
cross-links and BCNU cytotoxicity. Collectively, our data suggest that

regeneration of MGMT activity is an important determinant in the
reversal of CENU resistance and that chemotherapeutic regimens
targeting the inactivation of MGMT activity should be optimized such
that MGMT activity is depleted for prolonged periods following
CENU administration.

We have previously observed that the resynthesis of MGMT activ
ity after treatment with STZ is not accompanied by changes in steady-

state MGMT mRNA levels (34). In order to ascertain whether a
sustained inhibition of MGMT activity would induce a compensatory
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Fig. 5. MGMT activity in HT-29 cells following treatment with BG (10-100 JXM).Cells
were treated with BG (10-100 (Â¿M)for 3 h. replaced with fresh medium, and harvested at
0, 3, 6, 9, 12, 24, and 48 h after drug treatment, a, the MGMT activity in HT-29 cells
following treatment with 0, 10, 25, 50, and 100 Â¡Ã•MBG. Within each quadrant of a, Lanes
1-7, MGMT activity at 0, 3, 6, 9, 12, 24, and 48 h following BG removal, b, quantitation

of results within ,4, where MGMT activity is expressed as a percentage of MGMT activity
within untreated HT-29 cells. Points, mean and the SD of three independent experiments.
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Fig. 6. Steady-state mRNA levels following BG(10 M.M).STZ (I'mM), or BG + STZ in HT-29 cells.

Cells collected in the MGMT regeneration experi
ments were split for the determination of MGMT
activity and mRNA levels. Forty /ig of cytoplasmic
RNA from treated and untreated HT-29 cells were
hybridized with excess probe and digested with SI
nuclease resulting in the correct 570-nucleotidc

protection of the MGMT mRNA. Lanes, from left
to right: Lane I, molecular size markers; Lane 2,
1:100 dilution of undigested SI probe; Lane 3,
level of MGMT mRNA in untreated cells; Lanes
4-8, mRNA levels in BG (10 ;IM) treated cells;
Lanes 9-13, mRNA levels in cells treated with STZ
(1 mM); Lanes 14-18, mRNA levels in cells treated
with the combination of BG 4- STZ. The numbers
indicated above Lanes 4â€”18depict the time of cell
harvest in hours following drug removal.

-1,BGX-Â§

0 3 6 12^ 24STZ

;Â«*â€¢0

3 6 , 121*-BG-STZ0 3 6 12 2*

â€¢¿�Â«570nt

change in mRNA levels, we developed a sensitive SI nuclease pro
tection assay to measure changes in mRNA levels. We detected no
change in steady-state mRNA levels when MGMT activity is depleted

for 24 h with the combination of BG and STZ or for 48 h with 100 /U.M
BG (data not shown). These data demonstrate that during the period of
prolonged depletion of MGMT activity, the expression of MGMT
mRNA is not inducible.

Additionally, our laboratory has previously reported that STZ me
diated reversal of CENU resistance necessitates a 2.5 HIMdose of STZ
prior to BCNU administration in vitro (25). Because 2.5-10-fold
smaller doses of STZ (0.25-1.0 mivi) when combined with BG +

BCNU effectively sensitized resistant cells in vitro, a clinical regimen
utilizing reduced doses of STZ in conjunction with BG + BCNU
might attenuate the clinical toxicity observed in our previous STZ +
BCNU trial (26). When BG is used in combination with STZ, greater
and prolonged inhibition of MGMT activity might be achieved. More
over, the combined use of BG and STZ as cooperative modulators of
CENU resistance could increase the possibility of an antitumor re
sponse compared to the use of either agent is alone.
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