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Summary. We have previously shown that exposure of
cells in culture to O%-methylguanine significantly reduces
their level of the repair protein, O°-alkylguanine-DNA-
alkyltransferase (AGT), thus rendering cells more sensitive
to the cytotoxic effects of chemotherapeutic chloroethylat-
ing agents. Experiments were carried out in mice to deter-
mine whether the AGT content of tissues and tumors could
be reduced by in vivo treatment with O%-methylguanine.
There was a dose-dependent decrease in AGT activity in
liver tissues of CD-1 mice to 24% of basal levels after four
hourly intraperitoneal injections of O%-methylguanine (110
mg/kg). Although the decline in AGT activity in the liver
was reversible, the activity remained at 75% of basal levels
for up to 25 h after the final injection. The effect of O°-
methylguanine treatment on AGT activity was measured
in mouse tissues as well as human colonic carcinoma
tumors (HT29 and BE) grown in Swiss athymic nude mice.
The activity in the liver, kidney, and spleen of these mice
decreased to 33%~35% of control levels, whereas the ac-
tivity in HT29 tumors was likewise diminished to 25% of
control levels after four hourly injections of O%methyl-
guanine (100 mg/kg). There was no enhancement of the
tumoricidal effectiveness of chloroethylating agents on the
HT29 tumor after O%-methylguanine treatment, probably
due to a disproportionately higher level of AGT in human
tissue than in murine tissue. However, these studies sug-
gest that O%-methylguanine can be given in vivo to ex-
amine the role of the AGT protein in protecting against the
toxic and carcinogenic effects of alkylating agents.

Introduction

The chemotherapeutic chloroethylating agents, such as the
chloroethylnitrosoureas, are effective against brain tumors
and advanced lymphomas [2, 38]. Their antitumor activity
appears to be a consequence of DNA alkylation and sub-
sequent interstrand cross-linking of complimentary DNA
molecules [16, 21, 37]. The mechanism by which this occurs
involves an initial spontaneous decomposition of the

Abbreviations: AGT, 06-alky1guanine-DNA alkyltransferase;
MeCCNU, 1-(2-chloroethyl)-3-(4-methylcyclohexyl)-1-nitroso-
urea; Clomesone, 2-chloroethyl(methylsulfonyl) methanesul-
fonate; HPLC, high-pressure liquid chromatography.
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alkylating agent to form an active chloroethylating inter-
mediate, followed by the formation of a chloroethyl
monoadduct at the O%-position of guanine. The conversion
of monoadducts to lethal DNA cross-links then proceeds
slowly and involves an intramolecular rearrangement that
is followed by an intermolecular reaction with cytosine on
the opposite strand of DNA. This mechanism of
cytotoxicity is supported by the findings of Erickson et al.
[13, 15], which reveal that cells that are highly sensitive to
the chloroethylnitrosoureas exhibit a greater degree of in-
terstrand cross-links.

The aforementioned conversion of monoadducts to
cross-links may be prevented by the presence of a DNA
repair protein, O°- alkylguamne -DNA alkyltransferase
(AGT), which occurs in mammalian tissue in varying
amounts, depending on the species and the cell type [18,
28, 29, 40]. AGT transfers an alkyl group from the O°-posi-
tion of guanine in DNA onto one of its own cysteine
residues. The alkyl groups known to be accepted by this
protein include methyl, ethyl, hydroxyethyl, propyl, and
butyl adducts on guanine [25, 26, 31]. There is indirect
evidence that the chloroethyl group is also repaired by the
AGT protein, since the amount of AGT present within a
cell or tumor is inversely proportional to sensitivity to the
chloroethylnitrosoureas [5, 14, 32, 34]. The alkylated form
of AGT is not regenerated in the reaction; hence, the num-
ber of Of-alkylguanine lesions that can be repaired is
limited by the quantity of AGT present. Nonetheless,
numerous studies have demonstrated that AGT plays an
important role in the protection of cells from damage
produced by chemotherapeutic alkylating agents [40].

One way in which levels of AGT have been effectively
diminished is through exposure of the cells to O°-alkyl-
guanines [7, 20]. Specifically, O%-methylguanine acts as a
weak substrate for the AGT protein, thereby depleting
cells of active AGT [8, 41]. Thus, depletion of AGT in
tumor cells through demethylation of the free base leaves
less AGT available for the repair of cytotoxic lesions intro-
duced by chloroethylating agents; consequently,
cytotoxicity is enhanced [7, 9, 10, 17, 41]. These observa-
tions have led to the possibility that OS-methylguanine
could be used to deplete the AGT activity of tumors and
enhance the effect of the chloroethylating agents in vivo.
In the present study we determined the effect of OF-
methylguanine on the reduction of AGT activity in both
murine tissues and human colonic carcinoma xenografts
in nude mice. We also studied the contribution of O°-
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Fig. 1. AGT depletion in mouse liver after treatment with O°-
methylguanine. CD-1 mice were administered hourly i. p. injec-
tions of 110 mg/kg Oﬁ-methylguanine. The amount of AGT in the
liver was determined as described in Materials and methods.
Results represent the means of measurements from four animals
for each treatment

methylguanine pretreatment on the cytotoxic effects of
CCNU and Clomesone chemotherapies in vivo. The ob-
jective was to determine whether the increased sensitivity
of pretreated cells to the cytotoxic effects of chloroethylat-
ing agents observed in vitro could also be seen in vivo.

Materials and methods

Animals. Female CD-1 mice (20 g) were purchased from
Charles River Breeding Laboratories, Inc. (Wilmingion,
Mass). Female NIH Swiss, random-bred athymic mice
(4-6 weeks) were obtained from the Frederick Cancer
Research Center (Frederick, Md). All animals were main-
tained under a controlled 12-h light 12-h dark cycle and al-
lowed free access to water and food. Athymic mice were
housed in animal isolators consisting of flexible, clear
viny! plastic in which the air supply was filtered. All food
water, and supplies were sterilized before passage into the
isolator.

Xenograft tumors. Human colonic carcinoma cell lines
HT29 and BE were kindly provided by Dr. L. C. Erickson
(Loyola Stritch School of Medicine, Maywood, Ill). Both
cell lines were maintained in culture as previously
described [9, 13]. HT29 or BE cells (107 cells) were injected
subcutaneously into the flank area of each animal, and
within 6 -8 days palpable tumors appeared. The animals
were weighed and the tumors were measured every 48 h
with a caliper. The tumor-growth data are expressed as
tumor volumes (mm?®), which are derived from the sum of
length x width?> x 0.5. When tumors were in the range of
500—750 mm>, tissues and tumors were removed to
analyze AGT activity. Animals were treated with O°-
methylguanine and/or chloroethylating agent when
tumors reached the range of 250 —400 mm".

Drug treatment. MeCCNU (NSC 95441) and Clomesone
(NSC 338947) were kindly provided by the Drug Synthesis
and Chemistry Branch, Division of Cancer Treatment,
National Cancer Institute (Bethesda, Md). Synthesis of
O%methylguanine followed the procedure of Balsiger and
Montgomery [3]. Hoechst dye was obtained from Cal-
biochem (San Diego, Calif), and all other biochemicals
were purchased from Sigma Chemical Co. (St. Louis, Mo).
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Fig. 2. Time course of mouse liver AGT activity after treatment
with Oﬁ-methylgmanine. CD-1 mice were treated at hourly inter-
vals with 80 mg/kg. After the fourth injection, animals were
sacrificed at various time points and their livers were removed to
analyze AGT activity. Results represent the means of measure-
ments from two animals per time point

Each treatment consisted of an intraperitoneal injec-
tion of a sterile solution of 2 mg O%methylguanine dis-
solved in 1 ml 0.9% (w/v) saline such that the final con-
centration was 80—110 mg/kg. Due to the limited solu-
bility of O°-methylguanine, the compound was initially
dissolved in saline (pH 2) and slowly brought up to pH 7.4
with NaOH. Solutions were sonicated for 10 min prior to
each injection. Between one and four treatments of O°-
methylguanine were given at hourly intervals, and animals
were killed by cervical dislocation 1 h after the final injec-
tion. Tissues and tumors were removed, immediately
frozen in liquid nitrogen, and stored at —70° C until the
time of assay.

Athymic mice were randomized into four groups con-
sisting of no treatment, O%methylguanine alone, saline
plus chloroethylating agent, or O°-methylguanine follow-
ed by chloroethylating agent. MeCCNU and Clomesone
dissolved in 10% ethanol/10% cremophor/80% saline (by
vol.) were given i.p. 30 min after the fourth injection of
O%-methylguanine in a yolume of 0.01 ml/g animal wt., to
give final concentrations of between 5 and 18 mg/kg
MeCCNU or 17 and 50 mg/kg Clomesone. Tumor
measurements and animal weights were determined every
48 h after treatment.

AGT determination. Crude extracts were prepared from
mouse tissue and human tumor xenografts by previously
described methods [12, 30]. Briefly, these were homo-
genized, sonicated, and centrifuged in buffer containing
50 mM TRIS-HCI, 0.1 mM EDTA, and 5 mM dithio-
threitol. After incubation of crude extracts with [HJ-
methylated DNA for 30 min at 37° C, ice-cold perchloric
acid at a final concentration of 0.4 N was added and the
pelleted DNA was hydrolyzed in 0.1 N HCI at 70° C. The
modified bases were separated using reverse-phase HPLC,
and radioactivity was determined after the addition of
10 ml ACS JI Protein was determined by the method of
Bradford [4], and DNA content was determined by the
Hoechst 33258 method [22].

Results

When CD-1 mice were injected with O°-methylguanine,
there was a dose-dependent decrease in AGT activity in



Table 1. AGT levels in neoplastic and nonneoplastic tissues in
athymic mice

Alkyltransferase activity

(fmol/mg protein) (fmol/mg DNA)

HT29 tumor 277 1,796
BE tumor 6 34
Liver 45 1,188
Kidney 13 257
Spleen 35 101

Table 2. Effect of 06-methylguanine on AGT activity in tissues of
athymic mice

% AGT activity remaining:

Treatment Liver Kidney Spleen
None 100 100 100
Saline 105 82 114
O°-methylguanine 35 35 33

Athymic mice were treated with four hourly injections of 100 mg
0% methylguanine/kg and sacrificed | h after the final injection.
Tissues were removed, extract was prepared, and AGT content
was determined as described in Materials and methods. Each
number represents the average value obtained from 4-5 animals

the liver as the number of hourly injections of 110 mg/kg
increased (Fig. 1). There was no significant loss of activity
after four injections of the same volume of saline or the
same concentration of guanosine (data not shown). Fur-
thermore, treatment with four injections of OS-methyl-
guanine resulted in no observable host toxicity, using
animal body weight as the indicating parameter.
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Fig. 3. AGT depletion in HT29 xenograft tumors carried in
athymic mice after treatment with OS-methylguanine. Athymlc
mice were treated hourly for up to 4 h with 100 mg/kg O%methyl-
guanine. Animals were sacrificed | h after each treatment, tumors
were excised, and AGT activity was analyzed as described.
Results represent the means of measurements from at least four
animals per treatment group

A time course of the recovery of AGT activity after
depletion by O%-methylguanine treatment was carried out
(Fig. 2). CD-1 mice received four hourly injections of
80 mg/kg, and AGT activity was determined in livers
removed between 1 and 25 h after the final injection.
Within the Ist h, AGT levels were rapidly reduced to 50%
of pretreatment values, followed by a steady rise to plateau
at 75% of pretreatment levels. The plateau was first
achieved at 8 h and was maintained at 14 and 25 h.

Athymic nude mice were injected in the flank region
with 10" HT29 or BE cells. Histological sections of the
tumors as well as morphological examination of the
respective cell lines showed that, although the tumors were
similar to their respective cell line in terms of growth
characteristics, there were distinct differences between the
HT29 and BE tumors. HT29 was well-differentiated and
grew in a more ordered pattern as a tumor and in culture
than did the undifferentiated BE adenocarcinoma of the
colon, which grew in an unorganized pattern. This is in
agreement with earlier reports on these cell lines [27]. AGT
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Fig. 4. Response of the HT29 tumor carried in athymic mice to MeCCNU and/or 06-methy1guan1ne A Results for relative tumor
volumes in athymic mice carrying HT29 tumors treated with vehicle (W) or 15 mg/kg MeCCNU (¢). B Results for relative tumor volume
after treatment with 15 mg/kg MeCCNU (H) or O -methylguamne plus 15 mg/kg MeCCNU (4). Data points represent the mean

(£ SEM) percentage of change in tumor volumes of five animals
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Fig. 5. Response of the BE tumor carried in athymic mice to
MeCCNU. Relative tumor volumes of athymic mice carrying BE
tumors treated with vehicle (W) or 15 mg/kg MeCCNU (@). Data
points represent the mean (+SEM) percentage of change in
tumor volume

levels in HT29 and BE lines, their resultant tumors, and
nonneoplastic tissues of the mice were analyzed and ex-
pressed in terms of protein and DNA content (Table 1).
The tumors had the same activity as their respective cell
lines. The AGT activity of the HT29 tumor was 46 fold
greater than that found in the BE tumor and 6 fold greater
than that in the mouse liver (Table 1). The AGT activity in
HT29 tumor xenografts carried in athymic mice was
depleted by treatment with OS-methylguanine (Fig. 3).
After four hourly injections of 100 mg/kg OS-methyl-
guanine, AGT levels were decreased to 25% of pretreat-
ment levels (Fig. 3). Similar injections of the saline vehicle
alone did not cause a decrease in the activity in the tumor
(data not shown). The AGT activity in the maximally
depleted HT29 tumor was 16-fold greater than that in the
BE tumor.

Table 2 illustrates the effect of four injections of saline
or 100 mg/kg O°-methylguanine on the AGT activity in
the liver, kidney, and spleen of athymic mice. The level of
AGT did not change significantly after treatment with
saline, but in each case it was reduced to approximately
35% of control values after O°-methylguanine treatment.

The effect of O°-methylguanine on the response of
HT29 tumor xenografts to MeCCNU was studied by
analyzing tumor growth after no treatment vs treatment
with O%-methylguanine alone, MeCCNU alone, or a com-
bination of O°-methylguanine and MeCCNU. The growth
of the HT29 tumor was unaffected by MeCCNU
(Fig. 4 A), O°-methylguanine alone (data not shown), or
the combination of MeCCNU and O%methylguanine
(Fig. 4 B). In countrast, growth of the BE tumor was ar-
rested after treatment with the same amount of MeCCNU
(Fig. 5). As an indicator of host toxicity animal weights
were measured in all groups. Animals that received
alkylating agent alone exhibited slight weight losses;
however, those receiving OS-methylguanine alone ex-
hibited no such change (data not shown).

Discussion

These experiments clearly show that a reduction in AGT
activity in mammalian tissues can be achieved by treat-
ment with O%methylguanine. Although extensive tests of

the toxicology of this base given alone have not yet been
completed, quite large doses were used in the present ex-
periments without adverse effects being detected in either
normal or athymic mice. This protocol may therefore be a
less hazardous method of reducing cellular AGT levels
than the pretreatments with monofunctional methylating
agents such as streptozotocin or N-methyl- N-nitrosourea
that have been proposed [1, 15, 42]. It is established that
the presence of AGT renders mammalian tumor cell lines
more resistant to the lethal effects of chloroethylating
agents [1, 6-8, 14, 17, 34, 36, 41, 42]. Consequently, the
possibility that the therapeutic indices of certain chloro-
ethylnitrosoureas might be increased by combining them
with substances that decrease AGT levels deserves further
study.

Although the reduction of AGT activity by pretreat-
ment with O%-methylguanine did not demonstrate an en-
hancement of the therapeutic effectiveness of MeCCNU
against the HT29 tumor, this is not unexpected, as this
tumor contains a much higher AGT activity than normal
mouse tissues. It is well established that the content of
AGT is species-specific, with human cells having much
higher activities than their rodent equivalents [18, 28, 29,
40]. Thus, the athymic mouse human-xenograft model
provides a particularly unfavorable system in which the
therapeutic protective effects of alkyltransferase depletion
can be established.

At present, the administration of O°-alkylguanine de-
rivatives is the only feasible method available to reduce
the cellular content of AGT besides the depletion brought
about by treatment with methylating agents that reduce
AGT by the formation of adducts in the DNA that are
recognized by AGT; their repair then leads to the loss of
AGT activity. However, the latter protocol obviously can-
not be used in studies of the biological consequences of
alkylation damage. Several groups have described experi-
ments in which the importance of AGT to the in vitro
response to alkylation damage in cells has been studied
using O%-methylguanine [6, 8, 10, 17, 34, 36, 41]. Our
results indicate that these protocols can be extended to ex-
periments in whole animals and that the role of the AGT
protein in carcinogenesis or the toxic effects of alkylating
agents can be examined by reduction of the AGT content
by injection of O%methylguanine.

The major problems with the use of O%methylguanine
for both therapeutic and experimental purposes are three-
fold: (1) the relatively high doses of the compound that are
required, (2) its limited solubility, and (3) the lack of selec-
tivity of AGT reduction. The large doses are required due
to both the relatively poor uptake and the low affinity of
the AGT protein for the free base [8, 41]. Some of these
problems may be overcome by alterations in the route of
administration or by the design of newer inhibitors. It is
possible that some other alkyl substituents at the O%-posi-
tion might be more useful in vivo, since in cell culture, a
number of other O%-alkylguanines were active in bringing
about AGT depletion [8]. These included the O°-n-butyl-
guanine, which was almost as potent as O%-methylguanine
and may exhibit enhanced cellular uptake. Unfortunately,
the solubility of these derivatives is lower than that of O°-
methylguanine itself; therefore, alternative methods of ad-
ministration may have to be devised. These procedures
may also be able to achieve some selective uptake of the
inactivator into tumor tissue. However, there is clearly a



need for the production of more potent and possibly
tumor-specific inactivators of AGT. In this respect, it is in-
teresting that Likhachev et al. [23] have recently reported
that intraperitoneal administration of methylated DNA
leads to an inactivation of rat liver AGT. This suggests that
DNA fragments can be made available and act as sub-
strates for AGT, thereby significantly reducing its activity.

We [11, 33] and others [19, 39] have shown that short-
chain oligodeoxynucleotides containing O°-methyl-
guanine are substrates for AGT and that the rate of inac-
tivation of AGT by these substrates is much faster than
that achieved using O°methylguanine. However, the
limitations of using conventional oligodeoxynucleotides
as substrates are the possible degradation of these sub-
strates due to nucleases and their poor uptake into cells.
Therefore, derivatives of oligodeoxynucleotide com-
pounds, such as methylphosphonates or phosphothioates
[24, 35], containing O%methylguanine residues would
probably have satisfactory biological stability and uptake
and may be able to bring about the inactivation of the
AGT protein at much lower concentrations.

Acknowledgements. The authors wish to thank Scott Lancaster and
Gretchen Young for techmical assistance. This work was sup-
ported by grants CA 18137 (A. E. P.) and POI1-CA40011
(H. F. E). G. L. L. is a recipient of an NIH National Research
Service Award for short-term training of medical students.

References

1. Aida T, Cheitlin RA, Bodell WJ (1987) Inhibition of O%-alkyl-
guanine-DNA-alkyltransferase activity potentiates cyto-
toxicity and induction of SCEs in human glioma cells resis-
tant to 1,3-bis(2-chloroethyl)-1-nitrosourea. Carcinogenesis 8:
1219-1223

2. Anderson T, DeVita VT, Young RC (1976) BCNU (NSC
409962) in the treatment of advanced Hodgkin’s disease: its
role in remission induction and maintenance. Cancer Treat
Rep 60: 761767

3. Balsiger RW, Montgomery JA (1960) Synthesis of potential
anticancer agents: XXV. Preparation of 6-alkoxy-2-
aminopurines. J Org Chem 25: 15731574

4. Bradford MM (1976) A rapid and sensitive method for
the quantitation of microgram quantities of protein utilizing
the principles of protein-dye binding. Anal Biochem 72:
248254

5. Brent TP (1984) Suppression of cross-link formation in
chloroethylnitrosourea-treated DNA by an activity in extracts
of human leukemic lymphoblasts. Cancer Res 44: 1887~ 1892

6. Dempke W, Nehls P, Wandl U, Soll D, Schmidt CG, Osieka
R (1987) Increased cytotoxicity of I1-(2-chloroethyl)-1-
nitroso-3(4-methyl)-cyclohexylurea by pretreatment with O°-
methylguanine in resistant but not in sensitive human
melanoma cells. J Cancer Res Clin Oncol 113: 387 -391

7. Dolan ME, Corsico CD, Pegg AE (1985) Exposure of HeLa
cells to Oﬁ-alkylguanines increases sensitivity to the cytotoxic
effects of alkylating agents. Biochem Biophys Res Commun
132: 178185

8. Dolan ME, Morimoto K, Pegg AE (1985) Reduction of o’
alkylguanine-DNA-alkyltransferase activity in HeLa cells
treated with O®-alkylguanines. Cancer Res 45: 6413 -6417

9. Dolan ME, Young GS, Pegg AE (1986) Effect of 06-alkyl-
guanine pretreatment on the sensitivity of human colon
tumor cells to the cytotoxic effects of chloroethylating agents.
Cancer Res 46: 45004504

10. Dolan ME, Pegg AE, Hora NK, Erickson LC (1988) Effect of
0%-methylguanine on DNA interstrand cross-link formation

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

107

by chloroethylnitrosoureas and 2-chloroethyl(methylsul-
fonyl)methanesulfonate. Cancer Res 48: 3603 — 3606

Dolan ME, Scicchitano D, Pegg AE (1988) Use of oligo-
deoxynucleotides containing O%-alkylguanine for the assay of
05-alkylguanine-DNA-alkyltransferase activity. Cancer Res
48:1184-1188

Domoradzki J, Pegg AE, Dolan ME, Maher VM, Mc-
Cormick JJ (1984) Correlation between O6~methylguanine-
DNA-methyltransferase activity and resistance of human
cells to the cytotoxic and mutagenic effect of N-methyl-¥-
nitro- N-nitrosoguanidine. Carcinogenesis 5: 1641 — 1647
Erickson LC, Osicka R, Kohn KW (1978) Differential repair
of 1-(2-chloroethyl)3-(4-methyl-cyclohexyl)-1-nitrosoutrea-in-
duced DNA damage in two human colon tumor cell lines.
Cancer Res 38: 802 -808

Erickson LC, Bradley MO, Ducore JM, Ewig RA, Kohn KW
(1980) DNA cross-linking and cytotoxicity in normal and
transformed human cells treated with antitumor nitrosoureas.
Proc Natl Acad Sci USA 77: 467471

Erickson LC, Micetich K, Fisher R (1988) Preclinical and
clinical experience with drug combinations designed to in-
hibit DNA repair enzymes. In: Woolley P, Tew K (eds)
Mechanisms of drug resistance in neoplastic cells, vol IX.
Bristol Myers Cancer Symposium. Academic, New York,
pp 173-182

Ewig RA, Kohn KW (1978) DNA-protein cross-linking and
DNA interstrand cross-linking by haloethyl-nitrosoureas in
L1210 cells. Cancer Res 38: 3197 -3203

Gerson SL, Trey JE, Miller K (1988) Potentiation of
nitrosourea cytotoxicity in human leukemic cells by inactiva-
tion of 06-a1kylguanine-DNA alkyltransferase. Cancer Res
48:1521-1527

Grafstrom RC, Pegg AE, Trump BF, Harris CC (1984) 0%
Alkylguanine-DNA alkyltransferase activity in normal
human tissues and cells. Cancer Res 44: 2855 ~ 2857

Graves RJ, Li BFL, Swann PF (1987) Repair of synthetic
oligonucleotides containing O%-methylguanine, 0%-ethyl-
guanine and 04-methylthymine, by Oé-alkylguanine-DNA-
alkyltransferase. In: Bartsch H, O’Neill IK, Schulte-Her-
mann R (eds) Relevance of N-nitroso compounds to human
cancer: exposures and mechanisms (IARC Scientific Publica-
tion 84). Oxford Press, Oxford pp 41-43

Karran P, Williams SA (1985) The cytotoxic and mutagenic
effects of alkylating agents on human lymphoid cells are
caused by different DNA lesions. Carcinogenesis 6: 789 — 792
Kohn KW (1977) Interstrand cross-linking of DNA by 1,3-
bis(2-chloroethyl)-1-nitrosourea and other 1-(2-haloethyl)-1-
nitrosoureas. Cancer Res 37: 1450 - 1454

Labarca C, Paigen K (1980) A simple, rapid and sensitive
DNA procedure. Anal Biochem 102: 344 —352

Likhachev A, Anisimov V, Zhukovskaya N, Petrov A (1988)
Inactivation of 06-a1kylguanine—DNA alkyltransferase in the
rat liver due to an intraperitoneal administration of methy-
lated DNA. Carcinogenesis 9: 1139-1142

Marcus-Segura CJ (1988) Techniques for using antisense
oligodeoxyribonucleotides to study gene expression. Anal
Biochem 172: 289 -295

Mehta JR, Ludlum DB, Renard A, Verly W (1981) Repair of
06-ethylguanine in DNA by a chromatin fraction from rat
liver: transfer of the ethyl group to an acceptor protein. Proc
Natl Acad Sci USA 78: 6766 ~6770

Morimoto K, Dolan ME, Scicchitano D, Pegg AE (1985)
Repair of Oﬁ-propylguanine and 06-butylguanine in DNA by
0% alkylguanine-DNA alkyltransferases from rat liver and E.
coli. Carcinogenesis 6: 1027 -1031

Osicka R, Houchens DP, Goldin A, Johnson RK (1977)
Chemotherapy of human colon cancer xenografts in athymic
nude mice. Cancer 40: 2640 —-2650

Pegg AE (1983) Alkylation and subsequent repair of DNA
after exposure to dimethylnitrosamine and related car-
cinogens. Rev Biochem Toxicol 5: 83 -133



108

29.

30.

31.

32.

33.

34.

35.

36.

Pegg AE, Roberfroid M, Bahr C von, Foote RS, Mitra S
Bresil H, Likachev A, Montesano R (1982) Removal of ob-
methylguanme from DNA by human liver fractions. Proc
Natl Acad Sci USA 79: 5162 -5165

Pegg AE, Wiest L, Foote RS Mitra S, Perry W (1983)
Purlﬁcatlon and properties of 0° -methylguanlne ~-DNA trans-
methylase from rat liver. J Biol Chem 258: 23272333

Pegg AE, Scicchitano D Dolan ME (1984) Comparison of
the rates of repalr of O° -alkylguanines in DNA by rat liver
and bacterial O° -alkylguanine-DNA alkyltransferase. Cancer
Res 44: 3806-3811

Robins P, Harris AL, Goldsmith I, Lindahl T (1983) Cross-
linking of DNA induced by chloroethylnltrosourea is pre-
vented by of -methylguanine-DNA  methyltransferase.
Nucleic Acids Res 11: 7743 -7758

Scicchitano D, Jones RA, Kuzmich S, Gaffney B, Lasko DD,
Essigmann JM Pegg AE (1986) Repair of ohgodeoxy-
nucleotides containing O -methylguanme by o° -alkyl-
guanine-DNA-alkyltransferase. Carcinogenesis 7: 1383 -1386
Scudiero DA, Meyer SA, Clatterbuck BE, Mattern MR,
Ziolkowski CHJ, Day RS (1984) SensmVlty of human cell
strains having different abilities to repair (o} -methylguanine
in DNA to inactivation by alkylating agents including
chloroethylnitrosoureas. Cancer Res 44: 2467 —2474

Stein CA, Cohen JS (1988) Oligodeoxynucleotides as in-
hibitors of gene expression: review. Cancer Res 48: 2659 —
2663

Thielmann HW, Edler L, Miiller N, Eisenbrand G (1987)
6-Methylguanine and 6-methylguanosine inhibit colony
forming ability in malignant xeroderma pigmentosum cell

37.

38.

39.

40.

41.

42.

line but not in other xeroderma pigmentosum and normal
human fibroblast strains after treatment with 1-(2-
chloroethyl)-1-nitroso-3-(2-hydroxyethyl)-urea. J Cancer Res
Clin Oncol 113: 67-72

Tong WP, Kirk MC, Ludlum DB (1982) Formation of the
cross-link  1[N3-deoxycytidyl],2- N 1-deoxyguanosinyl]-eth-
ane in DNA treated with N, N1-bis(2-chloroethyl)- N -nitroso-
urea. Cancer Res 42: 3102 -3105

Weinkam RJ, Lin H-S (1982) Chloroethylnitrosourea can-
cer chemotherapeutic agents. Adv Pharmacol Chemother 19:
1-33

Wu RS Hurst-Calderone S, Kohn KW (1987) Measurement
of 0 -alkylguanine-DNA alkyltransferase actjvity in human
cell and tumor tissues by restriction endonuclease inhibition.
Cancer Res 47: 6229-6235

Yarosh DB (1985) The role of O%methylguanine-DNA
methyltransferase in cell survival, mutagenesis and car-
cinogenesis. Mut Res 145: 1~ 16

Yarosh DB, Hurst- Calderone S, Babich MA, Day RS (1986)
Inactivation of O° -methylguanine-DNA methyltransferase
and sensitization of human tumor cells to killing by
chloroethylnitrosourea by Oé—methylguamne as a free base.
Cancer Res 46: 1663 — 1668

Zlotogorski C, Erickson LC (1984) Pretreatment of human
colon tumor cells with DNA methylating agents inhibits their
ability to repair chloroethyl monoadducts. Carcinogenesis 5:
83-87

Received 2 March 1989/Accepted 17 May 1989



