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The 06-methylguanine-DNA-methyltransferase (transferase) 
activity in a rat hepatoma cell line (H4 cells) is enhanced as 
a response to DNA damaging agents. To study whether poly (ADP- 
ribosylation) is involved in this induction, the cells were 
treated with N-methyl-N'-nitro-N-nitrosoguanidine (MUNG) that 
induces the transferase activity and stimulates poly (ADP- 
ribose) synthesis. Addition of poly (ADP-ribose) polymerase 
inhibitors enhanced the transferase increase induced by MNNG. 
The influence of the inhibitors on the transferase induction 
was dose and time-dependent. The results suggest that poly 
(ADP-ribose) is involved in the induction of this protein. 
0 1989 Academic Press, Inc. 

We have previously shown that treatment with a single dose 
of an alkylating agent (l), or with other DNA-damaging agents 

(21, increased the number of OS-methylguanine-DNA- 
methyltransferase ( transferase ) molecules in a rat hepatoma 
cell line ( H4 cells ). This protein seems to play an important 
role in the cell sensitivity to alkylating agents (3), and 
specially to the chloroethyl-N- nitrosoureas used in cancer 
therapy, as it prevents the formation of inter strand DNA 

cross-links by these compounds (4). Therefore, induction of the 
transferase activity in tumor cells might be of importance in 
the development of resistance to alkylating drugs. 

However, the mechanism underlying the transferase increase 
is not yet understood. A common feature between the various 

* To whom correspondence should be sent. 

ABBREVIATIONS MNNG: N-methyl-N'- 
06-meGua: 

nitro-N-nitrosoguanidine; 
OS-methylguanine; 3-AD: 3-aminobenzamide; 3-MB: 3- 

methoxybenzamide; 6-AN: 
nitrosourea. 

6-aminonicotinamide; MNU: N-methyl- 
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treatments which induce the transferase activity in H4 cells is 
the formation of DNA single strand breaks, which are formed 
either directly during the treatment, or during the repair of 
DNA damage. A response to DNA single strand breaks in mammalian 
cells is the synthesis of poly (ADP-ribose) (5), which 
ribosylates different proteins (6) and seems to play a role in 
DNA repair (7) and transformation (8). 

In this study, we investigated a possible role of poly (ADP- 
ribose) in the induction of the transferase activity after 
treatment with an alkylating agent. The cells were treated with 
MNNG which is known to stimulate the poly (ADP-ribose) 
synthesis (9-10) and with different poly (ADP-ribose) synthesis 
inhibitors (11). Results show that inhibition of MNNG- 
stimulated poly (ADP-ribose) synthesis results in an enhanced 
induction of transferase in the cells. 

MATERIALS ANDMEX'HODS 

Cell culture. H4 cells (derived from a rat hepatoma)(2) were 
arown in Dulbecco's medium supplemented with 5% fetal calf 
serum, 5% horse serum, streptomycin (50 pg/ml), penicillin (50 
IU/ml), in a 5 % CO2 atmosphere. The doubling time was about 15 
hours and the plating efficiency ranged between 85 and 90 %. 

Drug treatment. MNNG, obtained from Sigma Chemical Company, was 
dissolved in 0.1 M Na acetate (pH 4.0) and added at appropriate 
concentration in the culture medium. Poly (ADP-ribose) 
synthesis inhibitors ( 3-aminobenzamide, 3-methoxybenzamide and 
6-aminonicotinamide ) and 3-aminobenzoic acid were obtained 
from Sigma Chemical Company. They were dissolved in the culture 
medium. 

Measurement of poly (ADP-ribose) synthesis. Exponentially 
srowing cellswere treated for 1 hour with 10 )LM MNNG, with or 
without 2 mM 3-AB. The poly (ADP-ribose) synthesis was measured 
by incubating the cells with r3H]-NAD and measuring the 
radioactivity incorporated in the acid-precipitable material, 
as already described (12). 

Determination of the OS-methylquanine-DNA-methyltransferase 
activity. Cells<eretrfinized, washed KPBS and disrupted 
bv sonication ( 1Oa cells / ml )in a buffer containing 70 mM 
Hepes ( pH 7.6 -), 50 mM NaCl, 1 mM EDTA, 1 mM dithiothreitol, 
10 % glycerol and proteases inhibitors ( antipain, leupeptin 
and aprotinin, 20 ug / ml each ). Cell extracts were 
centrifuged at 12000 g for 10 min at 4'C. The transferase 
activity was determined by incubating aliquots of the 
supernatant with 13HlMNU-treated DNA, prepared as already 
described (13), and measuring the disappearance of 06-meGua 
from this substrate. Briefly, the incubation mixture contained 
in a final volume of 100 ul, 70 mM Hepes pH 7.6, 1 mM EDTA, 1 
mM dithiothreitol, 5 ug of [31MNU-treated DNA ( 100 fmoles of 
06-meGua ) and increasing amounts of cell extracts. After 20 
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minutes at 37OC, the substrate was acid hydrolyzed, and the 
remaining 06-meGua was measured by HPLC, as already described 
l(2). 

RESULTS AND DISCUSSION 

We have previously shown that treatment of H4 cells with a 
single dose of MNNG ( 10 u,M 1 induces the transferase activity 
which is maximum 48 hours after the treatment (1). To test 
whether poly (ADP-ribosylation) is involved in the induction of 
this protein, 3-AB, an inhibitor of the poly (ADP-ribose) 
polymerase, was added in the culture medium at 5 mM for 7 hours 
after the MNNG treatment (Fig. 1 1. Addition of 3-AB enhanced 
the transferase activity induced by MNNG, whereas cell 
treatment with 3-AB alone did not show any detectable 
modification of the constitutive level of this activity. The 

number of transferase molecules per cell ,calculated from the 
linear part of the curves, was 54000+3500, 53600+4000, 1375002 

5500 and 361200+7600 for control, 3-AB, MNNG and MNNG plus 3- 

AB treated cells, respectively. 

To study the influence of various incubations times with 3- 
AB on MNNG-induced transferase increase, we used a lower ( 2 mM 
) 3-AB concentration to avoid non-specific side effects of this 
compound(l4). The cells were incubated for 1 hour with 10 LLM 
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Eia.l Removal of OS-MeGua from alkylated DNA by H4 cell 
extracts. 

[3H]MNU-treated DNA was incubated with extracts from control 
cells (O------O), cells treated for 7 hours with 3-AH (5 mM) 
( a------ A ),for 1 hour with MNNG (10 pM) (m --------¤ ) 
or for 1 hour with 10 pM MNNG then for 7 hours with 5mM 3-m 
(.--------.). 
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3-M 0 24h 0 2h 6h 12h 24h 48h 

Fia.2 Number of transferase molecules after 1 hour MNNG- 
treatment and increasing exposure times to 3-m. 

H4 cells were incubated for 1 hour with 10 m MNNG, rinsed, 
and grown for the indicated times in the presence of 2 mM 3-Ai3. 
In each case, the transferase activity was measured 48 hours 
after the MNNG treatment. 

MNNG,then for 2 to 48 hours with 2 mM 3-AB, and in each case 

the transferase activity was determined 48 hours after the MNNG 
treatment. Results ( Fig.2 1 show that at least a 6 hours 
incubation period with 3-m is required to enhance the MNNG- 
induced increase, and that the maximum enhancement is obtained 
after a 24 hours exposure to the inhibitor. These results also 
show that the influence of 3-AB is dose - dependent, as the 

maximum number of transferase molecules per cell, after 

treatment with 2 mM 3-AB, was 275000+8600. 

Experiments were designed to determine the changes of the 
transferase activity with time, in H4 cells treated with MNNG 

and 3-AB. The cells were incubated for 1 hour with MNNG, then 
with or without 3-AB for 24 hours, rinsed and grown for 

different time lenghts. Results ( Fig. 3 ) show that after 
exposure to MNNG alone, the number of transferase molecules is 
maximum after 48 hours, then decrease to reach the control 
value after 4 days. When the cells are treated with both MNNG 

and 3-AR, the maximum increase occurs also after 48 hours, but 
the number of transferase molecules per cell decreases more 
slowly and 6 days after the treatment it remains about 3-fold 
higher than in non-treated cells. 

This enhancement of the transferase activity induced by MNNG 
was also observed in cells incubated for 24 hours with two 
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Fia.3 Kinetics of the appearance of transferase molecules in 
H4 cells after MNNG treatment, in the presence or absence of 3- 
AB. 

Cells were treated for 1 hour with 10 Wl MNNG (time 01, then 
grown for 24 hours with ( A ------- A ) or without (m------m) 
2 mM 3-AR. The transferase activity was measured at the 
indicated times after MNNG treatment. 

other poly (ADP-ribose) synthesis inhibitors, 3-m ( 2.5 mM ) 
and 6-AN ( 1 mM ) (Table 1). However, the analogue 3- 
aminobenzoic acid, which does not inhibit POlY (ADP- 
ribosylation), aid not modify the number of transferase 
molecules in MNNG-treated cells. At these concentrations, the 

inhibitors alone were not toxic for the cells, but they 
increased the MNNG cytotoxicity ( Table 1 1. They also inhibit 
the formation of poly (ADP-ribose) in H4 cells in response to 
MNNG treatment: the amount of [3H]NAD incorporated in the acid- 

Table 1. InfluecneClel of different poly (ADP-ribose)synthesis 
inhibitors on survival and MNNG-induced transferase 

activity 

CELL TREATMENT CELL NUMBER OF TRANSFERASE 
SURVIVAL MOLECULES PER CELL 

None 100 54000 f 3500 
3-aminobenzamide (2 mM) 98 53600 !: 4000 
MNNG ( lollM ) 45 137500 f 5500 

MNNG+3-aminobenzamide(2mM) 30 275000 f 8600 
MNNG+3-methoxybenzamidef2.5mM) 28 286200 f 7400 
MtWG+6-amononicotinamide(1 mM) 31 278400 f 6600 
MNNG+3-aminobenzoic acid(2mMI 45 133800 f 4400 

H4 cells were incubated for 1 hour with 10 I.@I MNNG, rinsed, 
then grown for 24 hours in the presence of the inhibitors. 48 
hours after the MNNG tretament, the transferase activity was 
measured using increasing amounts of cell extracts, or cells 
were plated for survival. 
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precipitable fraction of 2.5 x lo5 cells corresponded to 310, 
1050 and 180 cpm in control, MNNG ( 10 )JM, 1 hour ) and MNNG 
plus 3-AB ( 2 mM ) treated cells, respectively. 

It has been shown that MNNG-induced DNA amplification in a 
SV-40 transformed cell line was enhanced by 3-AB (15). However, 
we have evidence (data not shown) that the transferase increase 
in H4 cells is not related to DNA amplification. Poly (ADP- 
ribosylation) has numerous biological effects (reviewed in 16 
and 17) and the mechanism through which the transferase is 
increased remains to be elucidated. 

ACKNOWLEDGMENTS 

The authors thank Mrs Martine Letourneur for expert 
technical assistance. This work was supported by Grants from 
Institut National de la Sante et de la Recherche Medicale and 
from ARC (Villejuif). 

REFERENCES 

1. Frosina, G. and Laval, F. (1987) Carcinogenesis 8, 90-95. 
2. Lebebvre, P. and Laval, F. (1986) Cancer Res. 46, 5701-5705. 
3. Day, R.S., Ziolkowski, C.H.J., Scudiero, D., Meyer, S.A., 

Lubinieck, A.S., Giraldi, A.J., Galloway, S.M. and Bynum, 
G.D. (1980) Nature. 288, 724-727 

4. Bodell, W.J., Tokuda, K. and Ludlum, D.B. (1988) Cancer 
Res. 48, 4489-4492 

5. Benjamin, R.C. and Gill, D.M. (1980) Jal. Biol. Chem. 
255, 10502-10508 

6. Thi Man, N. and Shall, S. (1982) Eur. J. Biochem. 126, 
83-88. 

7. Durkacz, B.W., Omidijii, 0. Gray, D.A. and Shall, S. (1980) 
Nature, 283, 593-596. 

8. Kasid, U-N., Stefanik, D.F., Lubet, R.A., Dritschilo. A. and 
Smulson, M. (1986) Carcinogenesis, 7, 327-330. 

9. Berger, N.A., Sikorski, G.W., Petzold, S.J. and Kurohara, K. 
K. (1979) J. Clin. Invest. 63, 1164-1171. 

lO.Juarez Salinas, H. Sims, J.L. and Jacobson, M.R. (1979) 
Nature, 282, 740-741. 

ll.Sims, J-L., Sikorski, G.W., Catino, D.M., Berger, S.J. and 
Berger, N,A. (1982) Biochesmistry, 21, 1813-1821. 

12.Huet, J. and Laval, F. (1985) Cancer Res. 45, 987-991. 
13.Boiteux, S. and Laval, F. (1985) Carcinogenesis 6,805-807. 
lB.Milam, K.M. and Cleaver, J.E. (1984) Science, 223, 589-591. 
15.Burkle, A., Meyer, T., Hilz, H. and zur Hausen, H. (1987) 

Cancer Res. 47, 3632-3636. 
16.Berger, N.A. (1985) Rad. Res. 101, 4-15. 
17.De Murcia, G., Huletsky, A. and Poirier, G.G. (1988) 

Biochem. Cell Biol. 66, 62--635. 

604 


